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Abstract: [ Objective ] Soil organic nitrogen directly reflects the nitrogen supply capacity of soil. Therefore, it is important to
clarify the mechanism of the effect of organic fertilizer on soil organic nitrogen components. [ Method ] This study was based on
the long-term positioning experiment started in 2008, and four fertilization treatments were set up (no fertilization CK, single
application of organic fertilizer M, single application of chemical fertilizer NPK, and combined application of organic and
inorganic fertilizer MNPK) to explore the effects of long-term different fertilization on the content of soil organic nitrogen
components in apple orchards on the Weibei dryland. Besides, the key mechanism of increasing organic fertilizer to improve soil
organic nitrogen content was studied through soil organic nitrogen component determination and metabolomics analysis of
nitrogen metabolites. [ Result ] The results showed that compared with NPK treatment, the contents of soil water, available
phosphorus, available potassium, soluble organic nitrogen, and microbial biomass nitrogen in MNPK were increased by 4%,
33.8%, 41.7%, 8.2%, and 21.7%, respectively. Also, the content of acid hydrolyzed total nitrogen and acid ammonium nitrogen
increased by 10.1% and 8.9%, respectively. The amino acid nitrogen content of M treatment was significantly higher than those of
other treatments during the whole growth period, followed by MNPK, and CK was the lowest. Soil organic nitrogen components
were significantly positively correlated with soil total nitrogen, microbial biomass nitrogen, and available nutrients (available
phosphorus and available potassium). Except for non-acid hydrolyzable nitrogen, each organic nitrogen component was
significantly positively correlated with acid-hydrolyzed total nitrogen. Metabolome results showed that the nitrogenous organic
compounds in MNPK treatment were significantly higher than those in other treatments, and the proportion of amino acid
nitrogen in the application of organic fertilizer treatment was higher than those in other treatments. Compared with NPK and CK
treatments, amino acids accounted for an important proportion of nitrogenous organic compounds upregulated by MNPK
treatment, and 8 amino acids were included in 45 nitrogenous organic compounds. The relative abundance was significantly
positively correlated with available phosphorus, available potassium and soluble organic nitrogen. [ Conclusion] The results
showed that the improvement of soil physicochemical properties with increased application of organic fertilizer was conducive to
organic nitrogen decomposition and turnover of amino acid nitrogen.

Key words: Combined application of organic and inorganic fertilizers; Organic nitrogen; Metabolome; Amino acid nitrogen;

Long-term positioning experiment
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WHFE, AR HLICHLAL B w5 4 A4 S LR
2 R RS IR B OC 2 S B

AR T PUALAAMB RS FUKSER AR 1
AP RIYIRE I, T IR AN R REAT A B - SR A
Bt APLELLY A A PLE IR, o
5 AP SE AR O IRTEA MUILHEHIXT 538/
TEHRANIIRIEN, 5I A, B TR L
WA LA FH B S i e S A [
A A “2 A D7 RS [ AR 2T A3
FEIRAS R A SCERILH] o

1 MRS INHE

1.1 R XEER

TR I H A T B P 4 T R T K EL P AL A MR
FEE RO v, M BePTE LR YR, TR
It 11.4 C, ZEFHREKE 577.8 mm, K5+

++28), mHiEEL, H 0~20 cm HEERE K
Sk AHUR 1358 gkg 'L A 077 gkg ' WA
A 227 mgkeg!'. HAA 2.10 mgkg' . AR
16.94 mg-kg ', HERLA 151.28 mgkg ', pH 8.36.
1.2 REWigit

IR T 2008 48, X Fh w K e =5, Bhl
HM26, 2010 AFEIFIAZEAR, BRITHEH 2 m x 4 m,
N AMYIERIEAIE . I E 4 AR . R
A (CK). HiAHLAE (M), HjEfbit (NPK) F1
A HLICHUALECHE ( MNPK ), AN b BRI E 3 IREE
BAEE 24 BRI A HLIE LASEARIE X TR 5
Wekis (10 A bf)) —kMiA 3. AL B
BARAE Sy 3 Wit . Hod, 50% (m: m) FRKER
TR E LR XS AL 'l A, KT
30% (m: m) K1 20% (m: m) 235 FAR 40 | i
TN LLE AT A o IO 7R SRR — g 7 45 52 X
TR, REAN 40 cm, BEAE NG, HHLAE
Bl AIEHRZE (N 460 gkg™'), BEIE MR — 4%
(N 180 g'kg ™', P,Os 460 g'kg™ ), AAE M Hi R 41 ( K,0
500 g-kg ™), AHUENFESE (FHLFT 350.0 gkg '
2R 233 gkg! W 6.2gkg &M 9.4gkg!),
Jit A o DL 2 1, G v Bt £ A Ak B ATAT ML IS AL I it
A BE R S A A (RIEAILE TP AR & &
iR AR, BN AR ),
A B RS B AR B R FEE AR
T

£1 RENEMELS

Table 1 Experimental treatment and fertilizer amount / (kg-hm?2)

Ab 3 AHLE ALHE Chemical fertilizer BEBA
Treatment Organic fertilizer N P,0Os K,O Total nitrogen input
CK 0 0 0 0
M 45 000 0 0 262
NPK 0 564 276 276 564
MNPK 22 500 431 180 180 564

M. CK, AHEAE; M, ¥ HUIE; NPK, Hujfifblt, MNPK, GHLENLEC . FIA. Note: CK, does not fertilize; M, single

application of organic fertilizer; NPK, single fertilizer application; MNPK, organic and inorganic combination application. The same below.

1.3 TEHERXESNE
5T 2019 AFSRA T 2R (3 H ). AR (6
H)VERB8 A ) @i (10 H ) R4 0~20 cm

+)Z R, FER RSB TR B AY (fT1E)) #
BIRE S, BN 9 B — N EERE, R0
W 3AEE, WA (10 A ) FESV NS, fif

http://pedologica.issas.ac.cn



4 3] WREI A TEAE SRR SR el KA TR HE Ak S - 3 HIL UL 23 B 5 1287

+ AT E B KR (SWC ), AEZ (NOs -N ),
Be xR (NH-N ) . fUE W & W & fik /A&
( MBC/MBN). AJ¥# AP (DOC ), R A HL
A (DON), KT HHH T E -5 5% (EC).
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B (AK) &t 4 AR X R H T2
TIEA PR S

3 E K LT E , pH SR A DELTA320
pH e K B R 2.5 1 1), #3E( NOs -N
FINH,-N) A 1 mol-L ™" KClIFWIRHE, AA3 %EL:
sl #r ( SEAL, Auto Analyzer 3, fE[E ) il &,
AP i 0.5 mol-L' NaHCO; & #4186 5T kb (o 1k
E, AK 1 mol'L™' NH,OAc 32— K M4 B VL
£, MBC/MBN £ FH 4475 2 76 —0.5 mol-L ™' K,SO,
242, DOC RHZEM/KRR (LAKFEE LN 1 :
5) —TOC {GE A, DON N Bl A & it 5
NH,*-N Fil NO; -N &gz 2204+ e HLA g0
AR H Bremner ¥, 88 TN R A fCE DL G
/—\H]g[l:;]o

FEC1.0 g+ F 2 mL BEOET, IMAEK6
mm PR ; | mL FEE-K (4: 1v: v) $2BUR,
MRS, VKIRHE 5 min, 15000 g, 4°CE&MHT
B0 20 ming B A LI WO S KR R 2 H
B 53% (v v); 15000 g, 4°CE.0> 20 min,
WA BIE W, SR WA 643 - B BK BT ( Liquid
chromatography-tandem mass spectrometry, LC-MS)
FETES BT BIEAHLAR AL, U5 TR A
) AR PR ORR A H A L S 4 T3 UHPLC-Q
Exactive HF-X #&%t. i+ & HypesilGoldcolumn
(C18); HEIRHK 40 C; Wik 0.2 mL-min'; IEAE
KTFRI AH 0.1% (v: v) BER, WHshH B A
mE; T ishd AN 5 mmol- L' RERR%EL,
pH 9.0, Wizl B HHEL, 3 WA SEEEAS i i
SERFREAR SR BT (QC) MEAS, HeMR
LI 2 b BT R BOR R B0 BR 2 7 58 A%
S LS, 3R IE . 1B Ak
REFE S, FEaAfMuE 100~1500 mz ',

THUEHE ] CD3.1 8 PR A AT A B, X g
PSSP HEATOR B INFIR] L BTy LU A5 2 880 ] PRI
SR VR BB E fR 2% 0.2 min M i R 25
Smg Lt XA [RIRE SR A TR 5, o 48 T VR
B S i B R 2Z SmgL ', (55 mE M2 30%.

fEMELE 3, f/ME SO . InRE A B kT
PEHC, [FIEF T AR AT B, PR A AR,
SRIF LAy T . B TR R B TR o T S T
M35 mzCloud. mzVault Fl Masslist ZHE JE T
FeXt
1.4 HESH

K BT FR O 22 40 0 R B /N S M 2% kR
(LSD) #1777 225347 ( ANOVA ) FMIZE L (P<
0.05 #ik HZEREE ). FIHELFRIHT (PCoA)
WA AL R 22 5 0 2l kL&, DI R
f% %0 ( Fold Change ) KX F 2 5§ Fold Change < 1/2
H P <0.05 7 3 MNPK 4355 CK #l NPK (1) 2= 5+
Y. R E R ( Pearson ) AHIEME 2041 7 1243
Mr B 5 MNPK A% CK Al NPK 3E[H] |-
P AR A ALY Z R A e, il
( pheatmap ) £.3#£47 Al AL 53 #7 o 1] R 4.1.0 1 Origin
2021 FAFER

2 4 R

2.1 AREIHEABLIE T EEA R

& 2 a4, AHAEGE X R 2w A
PUBR & TR AR K, 45 b BT i MEAT HLAR 2 e R B
M. NPK>CK>MNPK>M., MNPK 4#b¥ii%¢ CK FI
M, HHEREEAILAE S ®NERTET 27.7%.
31.7%0 M Ab B - HEGICAE W AR W i ik R B o B
FHAAH, MRS &S T HA A,
CK 4 & & i/l -)MNPK Al NPK 4b H Hi, R( EC )
BEET CK MM b, +3E pH Bk M Ab P i &
Gh, TCRFHEZES ., MNPK AL PR NPK 39 8 2 4
FA SO & 5 B  41.7%0 33.8%. CK kb
TSRS R T AR AL, i T Ab F R A
Ao D FH 25 NPK A F )+ IR S A & & W
EETWMAPE (M F1 MNPK ) f &b, T 4- 45
A AL 2N M AR BERT MNPK A4b B 8 2% T
CK AbFEAI NPK Ab#, M AbH&HA BT T
47.5%H1 43.5%,
22 ARRPAAEEEAETEENEREASSE

il 1a v 45, A LB A BB I+ 3 R i L
AW e, FHMEEFTHMMES, HLSE2m
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A 7 1] Growth period

HH 1 Growth period

e REVNE FBE R 6] — 242 B 1 A (R Ah B R) 22 538 1 7K F (P < 0.05). FIAl. Note: Different lower case letters indicate

significant differences between treatments in the same growth period, and different letters represent ( P < 0.05) .The sames below.

A1

Fig. 1

f. JHRMEER)

AFAEE AP RA S i (a0 FRAFEA, b MFESA, o MRS,

d. FEMIFHER, o FEMESA,

5

Content of soil organic nitrogen under different treatments ( a. Acid-hydrolyzed total nitrogen, b. Acid-hydrolyzed ammonium nitrogen,

c. Acid-hydrolyzed unknown nitrogen, d. Non acid hydrolyzable nitrogen, e. Amino acid nitrogen f. Amino sugar nitrogen )
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23 ITEBEUMREENRAESNELXXER

MK 2 Al i, HIEm SRS RS A
FEHME (P<0.01), S5HEESKE. MAEWEYD
wik. MAEYEY R . SR . AR HEAE K&
THEAPLBR W EIEA S (P <0.01); BRIFESE
5ErTEEAIA . 28 AR, s Ay
DA BFFHHLE (P<0.01); EEMREAS HIE
AL, 3. U YA i A 3 IE A G
(P <0.01), SMAEYEWERDEZEEHL (P <
0.05), HEMEEA S LAV . HUZEY AW hik .
SEMEEFETEME (P <0.01), SHEMEDREA
BEFIEMHX (P<0.05), SEERBENMHL (P<
0.05); MMAMSRS LEMERA . WER. 1THE
PEAHLEM B S (P<0.01). BRERf#ETERSN,
BHEIRA S SRS AN B EEME (P <
0.01), BMETF, £MHAIAAS S HELR S &
BIEA G, 5 AR (AR P A )
IEAHE

SWC |SWC ® . . H & & @ *% ® % 1
DOC |o0.48 DOC # % ®
DON |-032 037 DON . @& & * . . ® Lk 5 038
EC |-031 -042 095 EC @& @& o ® @ 8 ¥ ®® 06
MBC | 064 026 -055 -054 MBC ¥®¥ & & o & & S '
MBN | 0.63 0.074 -0.38 -037 0.62 MBN L AN & ® 6 04
TN [0.0625.18-40022 020 034 025 TN @ & &% H & 5 & s &
AK | 030 -0059 037 048 024 0052 0.68 AK B * &G o * 02
AP |045 041 022 027 049 -0.040 034 070 AP ok .
pH | 051 0081 -072 061 066 055 039 0080-0036 pH @ @ % & & oy =0
NO,™-N [-0:37 -0:40 085 094 -0:58 -036 026 045 025 -053 NO3 & @ ® @
NH,"-N [0.064 028 | 0.10 |0.050 -032-0.0031-031 -0:18 0.087 -0:47 0.048 NH4 *% ® @ — =02
SOM | 021 | 0.43 |-034 029 063 056 064 034 049 043 -029 -0.091SOM ® 6 &
AHN | 044 040 -0:18 -0:11 0.70 | 0.47 070 062 048 053 -0:11 -043 071 AN ## . oy 04
AN [ 045 -0.028 055 059 -0.018-0:11 043 072 085 -029 055 041 049 047 AN @&
AAN (040 0.43 -0.044 0.010 032 039 | 0.54 | 033 021 024 0.043-0.091 0.56 0.66 035 AAN #% 06
ASN [ 035 042 -028 -0:18 053 036 046 031 025 055 -0:15 -030 040 061 045 043 ASN 08
HUN | 0.39 7.3E-4 -038 -036 0.59 028 024 024 040 052 -039 -0:52 034 051 -0.079-022 041 HUN
NHN [-037 -0:11 022 039 |-026 -0:14 067 031 -0.025-0.013 0.49 0.011 0.46 -0.058 0.42 0.065:2.9E-5-020 NHN| -1
SQ QOQ Qoé & %\Q’C&é < Y«& i & O/ﬁle «2:"% %O%\ § ?’é V’Yﬁ Y?%Qéé %é\%
7S
* P<0.05 ** P<0.01 *** P<0.001
TE: AHN: Bf#SA, AN: BRAFESA. AAN: ZEMAA, ASN: ZUILHISA, HUN: MFEAMASA, NHN: JERiftEA.

Note: AHN: acid hydrolyzed total nitrogen; AN: acid hydrolyzed ammonium nitrogen; AAN: amino acid nitrogen; ASN: amino sugar

nitrogen; HUN: acid hydrolyzed unknown nitrogen; NHN: non-acid hydrolyzable nitrogen.

& 2

A DR S5 IR BT A O OE R

Fig.2 Correlation diagram between organic nitrogen components and soil physical and chemical properties during maturing
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Fig. 6 Compared with CK (a ) and NPK ( b ) treatments, MNPK treatment up-regulated nitrogenous organic matter and its correlation with soil

physicochemical properties ( ¢ )
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