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Abstract: [ Objective 1The composition of soil nitrogen pool is an important indicator reflecting the sustainable productivity of soil.
By quantifying the response relationship between changes in soil nitrogen pool components and the application rate of organic and
chemical fertilizers, the cultivation characteristics of different nitrogen components in soil by organic and chemical fertilizers were
clarified, so as to provide a theoretical basis for soil fertilization and optimizing nitrogen management in farmland soil. [ Method]
This study used a long-term location monitoring experiment with different dosages of organic fertilizer and chemical fertilizer
(starting in 2006) as a platform. Both organic fertilizer and chemical fertilizer were set at 10 nitrogen fertilizer levels (calculated as
N, with crop nitrogen application rates of 0, 60, 120, 180, 240, 300, 360, 420, 500, and 600 kg-hm™ per season). The planting
system was a double cropping system of winter wheat and summer maize per year. Plant samples were taken during the maturity
period of maize in the summer of 2024 to determine nitrogen content, biomass, and maize grain yield. After the summer maize
harvest, soil samples were collected in 0-20 cm depth to determine the total nitrogen and inorganic nitrogen content of the soil. The
Bremner method was used to determine the organic nitrogen component content of the soil. [Result] (1) The total nitrogen content
of the soil in both fertilization treatments showed a linear increase with the increase of nitrogen application rate. Compared with the
no fertilization treatment, the increase in soil total nitrogen content in organic fertilizer and chemical fertilizer treatments was
19.1%-273.5% and 8.8%-25.0%, respectively. For soil inorganic nitrogen, with the increase of nitrogen application rate, the soil
nitrate nitrogen content significantly increased under both fertilization treatments. Under the same nitrogen content, the nitrate
nitrogen content in soil treated with organic fertilizer was significantly higher than that of chemical fertilizer, ranging from 1.44 to
5.17 times, but the difference in ammonium nitrogen was not significant. (2) For soil organic nitrogen components, the content of
total acid hydrolyzable nitrogen (THN) and non-acid hydrolyzable nitrogen (NHN) in organic fertilizer treatment increased with the
increase of nitrogen application rate. The THN content of fertilizer treatment also increased with the increase of nitrogen
application rate, but there was no significant difference between the treatments. In the components of acid hydrolyzed nitrogen, the
content of acid hydrolyzed ammonium nitrogen (AN), amino acid nitrogen (AAN), and amino sugar nitrogen (ASN) increased with
the increase of nitrogen application rate in both organic and chemical fertilizer treatments. However, the trend of changes in the
content of acid hydrolyzed unknown nitrogen (HUN) was opposite, with organic fertilizer treatment increasing with increasing
nitrogen application, while chemical fertilizer treatment showed a decreasing trend. The linear fitting results indicated that there
was no significant correlation between NHN and nitrogen application rate in fertilizer treatment. Under both fertilization treatments,
the content of various organic nitrogen components showed a significant linear positive correlation with nitrogen application rate.
Among them, the HUN of fertilizer treatment showed a significant linear negative correlation with nitrogen application rate. Long
term application of organic and chemical fertilizers has changed the proportion of various acid hydrolyzed nitrogen components to
total soil nitrogen. The distribution ratio of chemical fertilizer treatment was AN (28.3%-32.5%)>AAN (25.1%-29.5%)>HUN
(5.9%-10.0%)>ASN (2.6%-3.5%); the allocation ratio for organic fertilizer treatment was AAN (23.7%-31.4%)>AN (19.6%-
27.6%)>HUN (7.9%-12.6%)>ASN (2.3%-3.2%). (3) Correlation analysis showed that AN, AAN, and ASN were significantly
positively correlated with nitrogen uptake in the aboveground parts of summer maize (P<0.01). [Conclusion] Under the winter
wheat-summer maize rotation system in the North China Plain, the long-term application of chemical fertilizer and long-term
application of organic fertilizer could significantly increase the soil nitrogen pool capacity. In acid hydrolyzed organic nitrogen,
compared with the application of chemical fertilizers, organic fertilizer treatment significantly increased the content of AN, AAN,
ASN, and HUN, thereby improving soil nitrogen supply capacity. AN, AAN, and ASN exhibited a highly significant positive
correlation with the nitrogen absorption in the aboveground parts of summer maize, making them potential effective nitrogen
sources for the absorption and utilization by summer maize.
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Fig. 1 Influence of different fertilization treatments on total nitrogen content in soil
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Relationship between soil nitrogen pool component content and nitrogen fertilizer application under different fertilization

THEAS
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*
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MR A A AN (mgkg™) y=0.12x+205.23, R*=0.71"" y=0.49x+199.78, R*=0.93""
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W fif A A% HUN (mgkg™) 3=-0.03x+73.08, R*=0.24"" y=0.32x+69.77, R*=0.84""

RHERPEIENA T ISRy & S SUIR AT R Z Wl AR SCE . REMRAR ISR S ECN 30 1> *: P<0.05: **: P<0.01: ***: P<0.001

Linear regression analysis was used to analyze the correlation between soil nitrogen pool component content and nitrogen fertilizer application rate. The total
number of observations for each indicator was 30. *: P<0.05; **: P<0.01; ***: P<(0.001
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Fig. 2 Influence of different fertilization treatments on soil inorganic nitrogen component content
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Fig. 3 Influence of different fertilization treatments on soil organic nitrogen component content
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Fig. 5 Yield and aboveground nitrogen uptake of summer maize under different fertilization treatments
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Fig. 6 Correlation among soil nitrogen pool components, maize yield, aboveground nitrogen uptake

R R TBIOKT . SSEET, AUt R EEMESE S REE R TR (& 2
BOESETREERALRSE, WKW HULKRE S5 F iR 2 8. H5Ee 2 Pk St



3600 moOE Kk

W B2 59 %5

WA I IZIAEM TR AN RIS 5, AR S R
TR R TR A A 0 T AL R A
T E BRI s B A B, 22D et Al
TEM, e dem T HIRMER S .

3.2 KEREANBMLENTIEGNAAIRS

A=A o)

LI HURCE B XA o M ont HIR IR E )
AEELW ARTI, IR S R A R S
B HUIE R B n 24 22 580 - A LE AT HUIE AR BE,
PR ML MR AR e I e, L P I S0P et A
iR SR RF W (& 3) o fAAHULaRE R
e PR IR AT HUR A > & e, B R P TR
f B O, AR AR LI A AR E . AL
WA BUELL S A INLLAESIF R, HANHE AL 2
ARLE, AT A I e % 2 22 5 vy T SBAR IR A 5 o
KGRI RANF . AT, [ esE
B FRARAT LS T A A M A AR TR A S
1724 4R S BRI, SRR FE R AT HLS
PR, LI R AT Bk B A6 I 38 C/N Rt )
BRZ TSI, RSN R A, Ko
SMIRENE IR N AR E T HLE @R I Y]
TP AE AT REE RS T IR AR IR A S ATl

BB TR R KL, SR DL Sy
BB HUIE A S0 & . Mtz DUt e
LRI TIRRMHAS R BIERS TSRS
HIIEEN (K 3) o BRHGSEME LIRS R
TR = ZIRAEN . KT AT 35 b R
RACNRMERIAE T S 20 A AR 5, B9 33 rp A i
PEALRT ] 5 A8 (135 B, A7 B T IR AR R A RN R B
AHUETTE MR &AL TR
HERARMB R, UL R LR T MY
20 BE, e SR AR T IR E R S
A IAF (B i GRFRI,  AMIERR (K
INEERE MR H (R BEAS [F) A T 3 i i AR, 5
WAEAEHATEL, A UL RS ot 3= ks, (et
PRI IR A BB, NI e A R
EAFERAE, (LA MR R A AR S B
TGN I B A, 5 A UL AR B S AT S (1 3-F)
F MG TRN], B IE R N, T
RFREG EEEZFR . hAPdRn, R R
RANE S 5T WY X jE 5K T Ak e
1T IR E YR IR R RS RN R RE ST el
Al hy SRR AR A ML 53 K1, (HAR DS

A i 20T ST A LI R 0 - 18
PR RS L 73, R) IS gt - S A ) 4 e
RS TESE 5, A B AU R RAN A4, A2
AR IR b SURT LA R RR A Y

M3 5 LEORA DIt P A T T R Ak A 5
be, PR AR ALt o it A LI B T DU AR
B e B PR EARRAR A g, (ke
HERRE (B 4 o fERBERAT L, AL
AL AR RS E N, B AR B LA A S RN
E, XEH BTGRP XK, IR
SRMEIEIRE R LIRR AN AT A
3.3 TIEAHNRASELRERPEN

A HUVELE A T SRR,
IR R R RO ABETUT, R LR B
- gem . AR SEHUEH D RS R
AR SRR FA S S A R 5 8 A 2
EASG (H 6) o HEjtifuIHILE, KA HLIE
AENS 5 W LIRS ARSI
SERELVUAPEA D TE (K 3D o KRR K
T P AT HUIEAT T 3 A ml A R B 39,
P IEAEIE T

A, BRI R Ak B ) B T oK b U
SR HUEH D DRSS R EARSEA
IR S EI B A, MR R AR
Rl BHERERRL . @ISR EAE (&
6) o XA A5 B AT DL A TR R RO
DURFEEAFAEZE 5%, IR A R mT ReA T I SE 0 i
UEAh, GRS RAE IR B b o Ll g, x4
TR TR AR 2. AUT0AN, RIFEESR
MEHRR SR L LIRAPRM EEZA 7, X
B AL AE H stk K0, I AT AE RARL. £
AN R SECTRE 0N, EREIRA AL Lt
RHIRHA . BAWIRT, SR PSR
Z o RINANLEA Y, BB e LR
YRR EETTRC . AR 2R T e
I SR EREA R AR, LIRS A
PURE R U e P I, (H R B AT
P RSl R IR AE B (P 5 AR 1D
R I Bt S R e PR A R, S RERETT 11
SRR, NI S R K m R

AWFFOTER R LI U > A HUIL S
AR, AR PR R AT
HUIEZ A AL RO 2 A S U R 5 S 7 HL A



16 34 TS

I AT HUIE AL XS 3 5022 4 o3

KA RE T 5% 3601

AT D B A E R S B A A S 14
fcHhi o

4 ZEit

4.1 fEfdbHb X &N - FROREE R R, S
AEBEAHLE, A UL w1 IR LA R R
SR (2.3%—81.5%) s B IR A% (17.4%—205.4%)
FEIEPESR (14.5%—174.8%) W&, KWH
BUIEAESR b sne )y il 1A B2 A,
AU & T AERR A A O A AR L, Reig
A R0 i 3 U R AR E 1

4.2 HIEAPLET, RIFESE. BAERS M 5
AR B TOKH BRI A 2 IR A DG,
BT KRR FH PRI A 28 2

S Z 3 #k References
[1] BB, ma, SOl M ESRERIFFERmNES
A 5417, 2007, 31(2): 205-218.

SALR].

Li C Q, Tian H Q, Huang Y. Ecological effects of increased nitrogen
deposition in terrestrial ecosystems [J]. Chinese Journal of Plant
Ecology, 2007, 31(2): 205-218. (in Chinese)

[2] Yan M, Pan G X, Lavallee J] M, Conant R T. Rethinking sources of
nitrogen to cereal crops [J]. Global Change Biology, 2020, 26(1):
191-199.

[3] Yang L J, Zhang L L, Geisseler D, Wu Z J, Gong P, Xue Y, Yu C X,
Juan Y H, Horwath W R. Available C and N affect the utilization of
Glycine by soil microorganisms [J]. Geoderma, 2016, 283: 32-38.

[4] Shahid M, Nayak A K, Puree C, Tripathi R, Lal B, Gautam P,
Bhattacharyya P, Mohanty S, Kumar A, Panda B B, Kumar U, Shukla
A K. Carbon and nitrogen fractions and stocks under 41 years of
chemical and organic fertilization in a sub-humid tropical rice soil [J].
Soil and Tillage Research, 2017, 170: 136-146.

[5] Thomas B W, Whalen J K, Sharifi M, Chantigny M, Zebarth B J.
Labile organic matter fractions as early-season nitrogen supply
indicators in manure-amended soils [J]. Journal of Plant Nutrition and
Soil Science, 2016, 179(1): 94-103.

[6] Bingham A H, Cotrufo M F. Organic nitrogen storage in mineral soil:
Implications for policy and management [J]. Science of the Total
Environment, 2016, 551/552: 116-126.

(7] #EbkS, B, EEE, KBOR, ML, IRBAR, KB TR
A HUVE 53 8 A KRB A S IR 2 20K IR A3 A i [

[7]. A=&2A%E, 2022, 41(1): 73-80.

Dong S H, Lii HJ, Zhou F, Zhang X C, He H B, Zhang X D, Zhang W.

[8]

[

[10]

(1]

[12] i

[13]

Variation of soil organic nitrogen fractions in maize field during
growing season and its response to current year and long-term straw

returning [J]. Chinese Journal of Ecology, 2022, 41(1): 73-80. (in

Chinese)
FLEME, SRS, 2200, ok KITHATA KRS A ML 5
KR FEN R PE R SE W [T]. AR RS R 3 2 4, 2015, 34(10):
1958-1964.

Wu Y P, Deng C J, Jiang Y B, Hu R G. Effects of long-term different
fertilization on fractions and mineralization of organic nitrogen in
paddy soils [J]. Journal of Agro-Environment Science, 2015, 34(10):
1958-1964. (in Chinese)

KFETR, B8k, B8, Hifz, Bk A HULAIE K1
Xof s VA LR 23 SRR D). R E TR LR R,
2014, 20(3): 525-533.

Song Z Z, Li X H, Li J, Lin Z A, Zhao B Q. Long-term effects of
mineral versus organic fertilizers on soil labile nitrogen fractions and
soil enzyme activities in agricultural soil [J]. Journal of Plant Nutrition
and Fertilizers, 2014, 20(3): 525-533. (in Chinese)

gkEE, eE, #ERRk, BRAR, EIE, KK, AL KWL
I e e /N AR E M A RFAL ], bR A
1, 2021, 36(3): 142-149.

Zhang K K, Song X, Guo D D, Huang C C, Yue K, Zhang S Q, Huang
S M. Variation characteristics of soil organic carbon, nitrogen and the
stability of wheat yield in fluvo-aquic soil under long-term
fertilization [J]. Acta Agriculturae Boreali-Sinica, 2021, 36(3):
142-149. (in Chinese)

T4, BRI, MWk, B, BT, Bm. KU R
LU R AR RRAE ], P L3 S5 AR, 2010(1): 1-6.

Wang J, Lii J L, Xu M G, Duan Y H, Wang B R, Huang J. The
variation characteristics of nitrogen in red soil under long-term
different fertilization [J]. Soil and Fertilizer Sciences in China,

2010(1): 1-6. (in Chinese)

TRAERT, 25T, ioh, FR, 256, Maaz, IR KA E
I S P - 4 P VR VR[], ARk TR, 2015, 31(7):
91-99.

Wen Y C, Li Y Q, Yuan L, Li J, Li W, Lin Z A, Zhao B Q.
Comprehensive assessment methodology of characteristics of soil
fertility under different fertilization regimes in North China [J].
Transactions of the Chinese Society of Agricultural Engineering, 2015,
31(7): 91-99. (in Chinese)

BIFY, TR, A KW AR FAE AR a4 S Ay
g, KL ORFFAR, 2016, 30(4): 303-307.

Zhao D D, Wang J, Fu X. Effect of long-term fertilization on soil total



3602

ok

NI S

59 %

[14]

[15]

[1e]

[17]

[18]

nitrogen and its fractions in dryland farming system [J]. Journal of
Soil and Water Conservation, 2016, 30(4): 303-307. (in Chinese)
FRe, sk, S, BT, HIH, RARLL, AL TR
FIYIAS [ A T B - L SR I R [7]. AR AR AR 4R, 2025,
40(4): 157-165.

Du J, Zhang J W, Jia G X, Zhao A Y, Ma L J, Suo DR, Zou Y, Sun N
K. Effects of long-term differential fertilization on soil nitrogen in
irrigated desert soil [J]. Acta Agriculturae Boreali-Sinica, 2025, 40(4):
157-165. (in Chinese)

SRR, TV, EK, RN,
N i 1 358 HLR 420 42 A F
33(10): 1981-1986.

Sifns, M, ke KRR AR
L[], RN IR EERF2E 23], 2014,
Zhang Y S, Ding H, Wang F, Zheng X Z, Weng B Q, Lin C, Zhang J.
Characteristics of organic nitrogen fractions in soils under long-term
different fertilization [J]. Journal of Agro-Environment Science, 2014,
33(10): 1981-1986. (in Chinese)
Jiang D Q, Jiang N, Wang Z, Wu C R, Chen L J, Zhang Y L, Chen Z
H. Effects of mineral/organic fertilisation on the soil organic nitrogen
pool in a semi-arid steppe [J]. Plant, Soil and Environment, 2024,
70(11): 695-701.
Kwon H Y, Hudson R J M, Mulvaney R L. Characterization of the
organic nitrogen fraction determined by the Illinois soil nitrogen
test [J]. Soil Science Society of America Journal, 2009, 73(3):
1033-1043.
i, L8, 2K, MiB, FEE, WekE, 1. MEEAR
NEXSFEZ R 4 F T LT LR AL 15T L3, 2016, 48(3):
449-454.
Li M, Wang C Q, Li B, Yang J, Li X X, You L Y, Li Y D. Effects of
pig manure replacing nitrogen fertilizer on soil organic nitrogen
components under rice-wheat rotation [J]. Soils, 2016, 48(3): 449-454.

(in Chinese)

[19] ZEkhk, 2=, TR, brteuk, 223088, JKKE), 2R, X7,

WS, EUE. AN R TE LA LR T e A S R R
1. HWEFRSALEER, 2014, 20(6): 1421-1430.

Jiang HM, Li S S, Zhang J F, Yang J C, Li L L, Zhang S Q, Guo J M,

Liu L, Xie Y Q, Wang F Y. Transformation of external chemical

nitrogen in soil organic nitrogen fractions and their relationship [J].

Journal of Plant Nutrition and Fertilizers, 2014, 20(6): 1421-1430. (in

Chinese)

[20] =W 1L, Mok, ZRhig, sk, FRRFY, skoKE, WREE, Wik,

XS, A HUICHUAE R ZE N 4/ 22 2= L U (0 5 S % BR TG 44y
T[], A IABERI 24441, 2013, 32(6): 1185-1193.
Li S S, Yang J C, Jiang H M, Zhang J F, Li L L, Zhang S Q, Pan P,

[21]

[22]

[23]

[24]

[25]

[26]

271 7

Guo J M, Liu L. Effects of organic and inorganic fertilizer on nitrogen
pool and distribution of residual N fractions in fluvo-aquic soil under
the winter wheat system [J]. Journal of Agro-Environment Science,
2013, 32(6): 1185-1193. (in Chinese)

Campbell C A, Biederbeck V O, Selles F, Schnitzer M, Stewart J W B.
Effect of manure and P fertilizer on properties of a black chernozem in
southern Saskatchewan [J]. Canadian Journal of Soil Science, 1986,
66(4): 601-614.

YRR, VO, MbkE, Fh KIE A AR A LA ALY
AU [I]. 132440, 2009, 46(2): 274-280.

Xiao W W, Fan X H, Yang L Z, Sun B. Effects of long-term
fertilization on organic nitrogen fractions and organic carbon in
fluvo-aquic soil [J]. Acta Pedologica Sinica, 2009, 46(2): 274-280. (in
Chinese)

FEMCNS, SPHS, Ewewr, s, Bk, B0t RO MRS
A S LA KT YRR ], E AR R, 2020,
53(12): 2423-2434. DOI: 10.3864/j.issn.0578-1752.2020.12.010.

Jiao Y P, Qi P, Wang X J, Wu J, Yao Y M, Cai L Q, Zhang R Z. Effects
of different nitrogen application rates on soil organic nitrogen
components and enzyme activities in farmland [J]. Scientia
Agricultura Sinica, 2020, 53(12): 2423-2434. DOI: 10.3864/].issn.
0578-1752.2020.12.010. (in Chinese)

VLIS, SRR ANIE b3 BRI A2 A0 IR R T 5
[, LR, 1990, 21(2): 54-57.

Shen Q R, Shi R H. Study on chemical composition and availability of
organic nitrogen in different soils [J]. Chinese Journal of Soil Science,
1990, 21(2): 54-57. (in Chinese)

RPN, KEIE, KRS, ARUNE, BIYE. LA PLEA S Ot
JE[T]. LHEEIR, 2018, 49(5): 1240-1246.

Wu H Q, Zhang Y L, Zhang Y L, Zou H T, Yu N. Soil organic nitrogen
fractions: A review [J]. Chinese Journal of Soil Science, 2018, 49(5):
1240-1246. (in Chinese)
T, AR, HOKET, FERRR, RDE, KBE, BT, FEHE K
KIMEAL N -3 R AR bR 5 N F KT R R TR T]. AR,
2025, 39(1): 157-169.

Ding S J, Huang S M, Zhang S Q, Guo D D, Song X, Zhang K K, Yue
K, Guo T F. Study on the relationship between soil nitrogen indexes
and wheat/maize yield under long-term fertilization [J]. Journal of
Nuclear Agricultural Sciences, 2025, 39(1): 157-169. (in Chinese)
TRIGRIE, X, AFRRAK, BRaCsE. AN FORERMEIR R AR H AL
AL 08 I A N [T]. B SR S IR AR, 2023, 29(4):
628-639.

Xu X F, Liu D, Fu S L, Chen W L. Response of soil organic nitrogen



16 31

BV RCEE

Y AT HUIE A T 38503 410 S S RURE D) (52

3603

(28]

[29]

[30]

311

[32]

[33]

[34]

[33]

components to nitrogen application rate in a wheat-maize rotation
cropland [J]. Journal of Plant Nutrition and Fertilizers, 2023, 29(4):
628-639. (in Chinese)

Bremner J M. Organic forms of nitrogen//Black C A. Methods of Soil
Analysis[M]. Madison, Wisconsin, USA: American Society of
Agronomy Incorporation, 1965: 1148-1178.

Jagadamma S, Lal R, Hoeft R G, Nafziger E D, Adee E A. Nitrogen
fertilization and cropping systems effects on soil organic carbon and
total nitrogen pools under chisel-plow tillage in Illinois [J]. Soil and
Tillage Research, 2007, 95(1/2): 348-356.

Tong C L, Xiao H A, Tang G Y, Wang H Q, Huang T P, Xia H A,
Keith S J, Li Y, Liu S L, Wu J S. Long-term fertilizer effects on
organic carbon and total nitrogen and coupling relationships of C and
N in paddy soils in subtropical China [J]. Soil and Tillage Research,
2009, 106(1): 8-14.

Schwalb S A, Li S W, Hemkemeyer M, Heinze S, Joergensen R G,
Mayer J, Méder P, Wichern F. Long-term differences in fertilisation
type change the bacteria: Archaea: fungi ratios and reveal a
heterogeneous response of the soil microbial ionome in a Haplic
Luvisol [J]. Soil Biology and Biochemistry, 2023, 177: 108892.
HOGERE, XIF Jg, FERSL, JRBASR, <K, WISREE. KA XY
PRI LS A i B A HUEA iRm0, o R R,
2007, 40(4): 757-764.

Hao X H, Liu S L, Tong CL, SuY R, WulJ S, Hu R G. The influence
of long-term fertilization on microbial biomass nitrogen and organic
nitrogen fractions in paddy soil [J]. Scientia Agricultura Sinica, 2007,
40(4): 757-764. (in Chinese)

Elrys A S, Wang J, Meng L, Zhu Q L, El-Sawy M M, Chen Z X, Tu X
S, El-Saadony M T, Zhang Y H, Zhang J B, Cai Z C, Miiller C, Cheng
Y. Integrative knowledge-based nitrogen management practices can
provide positive effects on ecosystem nitrogen retention [J]. Nature
Food, 2023, 4(12): 1075-1089.

85, SO, ATORLL, sKMEAE, REELEL, AE, MK, RHEH] K
SIS T it P A 20 K 2 - X A FH AR B - 3 7 WL U2 43 1 5 i ).
4, 2024, 56(2): 273-280.

Guo Y, Wen L, Shi L H, Zhang L M, Cheng K K, Li C, Zheng H B,
Tang H M. Effects of long-term application of fertilizers on
rhizosphere soil organic nitrogen fraction in barley-double cropping
rice field [J]. Soils, 2024, 56(2): 273-280. (in Chinese)

KB, REE, SAEE. LIEMACE ST AR, R
2R, 2019, 34(1): 11-19.

Zhang J B, Cheng Y, Cai Z C. The mechanisms of soil regulating

nitrogen dynamics [J]. Advances in Earth Science, 2019, 34(1): 11-19.

[36]

[37]

[38]

[39]

[40]

(in Chinese)

Zhang J, Cai Z, Miiller C. Terrestrial N cycling associated with
climate and plant-specific N preferences: A review [J]. European
Journal of Soil Science, 2018, 69(3): 488-501.

rll, AT, B, skdn, Jettor, B, SAEsc. AHVER
IR A EE X 3 A MLECZ 23 s ma[a]. op B b g S I
2023(10): 11-18.

Gao P, Lei X Y, Lu Y X, Zhang T, Long S P, Cui X W, Peng F Y.
Effects of partial substitution of chemical fertilizer with organic
fertilizer on soil organic nitrogen and active nitrogen [J]. Soil and
Fertilizer Sciences in China, 2023(10): 11-18. (in Chinese)

AINEL, JRHHEW, ANk, FME, JBEEZR, SO, Rl P K
1A T it A 0 X T - SRR Aot A LS4 53 s 0],
AR, 2022, 33(12): 3345-3351.

Shi L H, Tang H M, Sun G, Sun M, Long Z D, Wen L, Cheng K K,
Luo Z C. Impacts of long-term different fertilization managements on
soil acid hydrolysable organic nitrogen fractions in double-cropping
rice field [J]. Chinese Journal of Applied Ecology, 2022, 33(12):
3345-3351. (in Chinese)

WiSeer, sk e, SR B, SRS WEM i Ry g
BUEAL 53 B 0 T 43 A RS2 [0). 7K PR KRS 4R, 2007, 21(6):
99-104.

Ji J H, Zhang Y L, Huang Y, Yu N, Zhang Y L. Effect of different
irrigation methods on forms and profile distribution of soil organic
nitrogen in protected field [J]. Journal of Soil and Water Conservation,
2007, 21(6): 99-104. (in Chinese)

SEMEZ, ERERR, . o 5 e ML 230 T 43 A
M AE LS AE ). P R RL 2%, 2011, 44(24): 5021-5030. DOL:
10.3864/j.issn.0578-1752.2011.24.007.

Dang Y A, Wang G D, Li S Q. The changing characteristics of profile
distribution of soil organic nitrogen component of the typical soil
types on the Loess Plateau [J]. Scientia Agricultura Sinica, 2011,
44(24): 5021-5030. DOI: 10.3864/j.issn.0578-1752.2011.24.007. (in
Chinese)

[41] Ferrari E, Francioso O, Nardi S, Saladini M, Ferro N D, Morari F.

[42]

DRIFT and HR MAS NMR characterization of humic substances
from a soil treated with different organic and mineral fertilizers [J].
Journal of Molecular Structure, 2011, 998(1/2/3): 216-224.

WARDE, WP, BEE DY, sk H. KRS PHEN B AL
AU HIEW[I]. ANV IREERIE 4R, 2005, 24(6): 1127-1131.
Fu D Y, Tian X P, Xue J F, Han X R. Effects of long-term culture
fertilization and tillage patterns on the speciation of organic nitrogen

in albic soil [J]. Journal of Agro-Environment Science, 2005, 24(6):



3604

ok

NI S

59 %

[43]

[44]

[45]

[46]

[47]

1127-1131. (in Chinese)

Joergensen R G. Amino sugars as specific indices for fungal and
bacterial residues in soil [J]. Biology and Fertility of Soils, 2018,
54(5): 559-568.

A, PR, R, KRS, AN TR AR AR S 0 N -
KECAE AR ROV RFIE R[], K TR 5 RS2, 2010,
16(6): 1351-1357.

Wang Y, Zhou J B, Liang B, Liu D N. Effects of different cultivation
patterns and nitrogen fertilization on soil nitrogen supply of in the
wheat-maize rotation system [J]. Plant Nutrition and Fertilizer Science,
2010, 16(6): 1351-1357. (in Chinese)

A, AL, SREL, FEHE, SRIBZR, HSLEL, AR, ZE4 4b
PN AT LN LIRSS R mIT]. N A2, 2012,
23(5): 1153-1158.

Li X, He H B, Zhang W, Lii H J, Zhang X D, Zheng L C, Tian F L, Li
H. Effects of extraneous inorganic nitrogen forms on the dynamics of
soil amino sugars [J]. Chinese Journal of Applied Ecology, 2012,
23(5): 1153-1158. (in Chinese)

Wb AR, 5T My, SarRE, R, 0, RO WY R
S B e SRR B HUEAL S M), KR R S
BRI, 2023, 29(12): 2219-2231.

Pan Z D, Cai X M, Cai L Q, Dong B, Wu J, Zhang R Z. Effects of
field-aged biochar on soil organic nitrogen fractions in dry farmland
of Loess Plateau [J]. Journal of Plant Nutrition and Fertilizers, 2023,
29(12): 2219-2231. (in Chinese)

THongl, kb, /N, ARl PRI IR AT U A
T ATREET]. AEAS#IR, 2015, 35(4): 956-964.

Luo RY, Zhang S R, Xu X X, Li T. Profile distribution characteristics

of soil organic nitrogen fractions in the lower reaches of the Heihe

[48]

[49]

[50]

[51]

River wetland [J]. Acta Ecologica Sinica, 2015, 35(4): 956-964. (in

Chinese)
T, R, KK, M, TN, e, Mg ELE
IRIENE AR AR LA AL e m )], AEAFEAR, 2017,

36(10): 2903-2909.

LiY, Yu Y L, Zhang X, Yang Q C, Zeng Y Q, Han X R, Yang J F.
Effects of continuous application of biochar-based fertilizer and
biochar on organic nitrogen fractions in brown soil [J]. Chinese
Journal of Ecology, 2017, 36(10): 2903-2909. (in Chinese)

FPUMW, FRAESE, EFRRH, BEK, KRR, ARVEYE, dkRE, BIUR.
Ot T AT LA 53 2 A i 7= o K AR (R S D). WA 57
HIEELEAR, 2019, 25(5): 805-813.

WuHQ,DuSY,Wang DY, Xue F, Zhang Y L, Zou H T, Zhang Y
L, Yu N. Response of soil organic nitrogen fractions and tomato
yield to irrigation and nitrogen fertilization in greenhouse [J].
Journal of Plant Nutrition and Fertilizers, 2019, 25(5): 805-813.
(in Chinese)

5y, LT RS S AEIAA SRR METRS
AERL2EAR, 2003, 9(2): 158-164.

LiJ M, Li S X. Relation of mineralizable N to organic N components
[J]. Plant Nutrition and Fertilizer Science, 2003, 9(2): 158-164. (in
Chinese)

Bushong J T, Roberts T L, Ross W J, Norman R J, Slaton N A, Wilson
C E Jr. Evaluation of distillation and diffusion techniques for
estimating hydrolyzable amino sugar-nitrogen as a means of
predicting nitrogen mineralization [J]. Soil Science Society of

America Journal, 2008, 72(4): 992-999.

(UERIE FRED




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


