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], 5 HIETSN46.16% ~ 62.45% , A [a) it A ik
HIHEZ - HESON T B A L i # HNPKS > NPKM >
NPK > CK, 5CKAlL, Haftabs s 45 maz 1
HESONT# (p<0.05) , NPK. NPKMAINPKS4:
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CK MPK NPEM NPES
HFFE Treatment

T CKOUARTEICAL B, NPKOY GG LIL, NPKM A AL+
F¢, NPKSHALAL+A RS REE I, A [a) /NG o R A3 Ak B 1)
2% 53 (p< 0.05, Duncanfi53), [ Note: CK stands for
control or no fertilizer, NPK for chemical fertilizer NPK, NPKM
for chemical fertilizer + cattle manure and NPKS for chemical
fertilizer + straw. The different lowercase letters in the figure
mean significant difference between different treatments (p<
0.05, Duncan test). The same below
BT RN Tt A b 3 -3 SON 7
Fig. 1 Soil SON content in paddy soil under long-term

fertilization relative to treatment
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AEMRA T mZFWE, HERZITF HINPKS
> NPKM > NPK > CK., S5CKAIH, NPKAhH i #
AILTRAINM2.63 mg kg™' (32.27% ) , HESK
ik K, NPKSHINPKMALFH 7 25 2 HL R & 4
S CKAL PS4 fN7.76 mg kg™ (95.21% ) #16.88
mg kg (84.42% ) , Sl EENPKALHIIEINS.13 mg
kg (47.59% ) M4.25 mg kg™ (39.42% ) , H%
SR B R E K. AT, KA ] AR Ak BT B
JZ - P i B LR R FE SONZL 43 Hh 1 HL 31 4% 5
NPKMAL# 7 5 [ B s, HSONAY39.23%,
NPK 5 CKAFER Z , 53510 i SONY36.16% Fl
33.76%, MINPKSALHE Y LGl AK, 145 SON
31.94%,

MEHE B A ERAR R E (K2) ,
AN ) Jite A A BRR oo R R O A R R A
1189.00% ~ 91.28% , MR & 5 i Fn el P 2 3k
FiR AN 23 0 o 7 S R A R A 8.12% ~ 9.45% FlI
0~2.39%. £ Jiti A Ab B + HE i B & LR 8 LR &
e, 28R, WEk., HER . WaERA TR
HE, SCKHMLW, BRHEmR. a2k, RNEAR
MRS, it A 47— R b s L
e B IR Y A . PO, KRR e AR b B
Ptk 4 i B9 2 B IR 2H B LA v P S R R o L
A BILTCAIL T it Ak P T 300 5 4R vy 9 1 v ARl ek i
BERREAN T &,
23 AEERLETHIETAEEARAEER

FI3EE AR, KA AL b BT - 38 ml i
PEZE (15 & AL A F7.49 ~ 14.69 mg kg™, A
HHEAASENT1.20~2.35 mg kg', &4
SONM4.72% ~ 5.32% . A[AlJiti AL AL 38 T -3 v i
PEE A S B IR E I INPKS > NPKM > NPK
> CK, NPKSHINPKMA4hH -+ 1 nf 5 v 2 (1 A3
i R T CK A NPKAN#, HE w4351 95,83 % il
70.00% /% 60.07%F140.69% , 5CKALERAHEL, NPK
Ab R A TR R R A N T 0.25 mg kg
(20.83% ) , HERKRXBBZEKE, ATW, A
PLIEHLECHE T 3 4 o T is e A A i,
HENPKSAL 3,
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Table 1 Soil free amino acid nitrogen content in the paddy soil under long-term fertilization relative to treatment (mg kg ")

HIEMR
CK NPK NPKM NPKS
Amino acids
bk IR W& 2 Creatine 0.69 £0.052 1.57+0.057 1.09+0.109 1.20+0.012
Neutral amino acids g5 22 50 Serine phosphate  0.01 +0.006 0.10 0.029 1.04 +0.058 1.28+0.122
5% % Threonine 0.69 £ 0.040 0.80 £ 0.046 1.05 £ 0.064 1.11 £0.064
24 %R Serine 0.62 £0.040 0.55£0.029 1.16 £0.092 1.34£0.112
&M Glycine 0.66+0.075 0.69 +0.052 2.45+0.017 2.50+0.173
N4 . Alanine 1.03 +0.064 1.26 = 0.092 1.23+0.013 1.37+0.116
i % 2 Valine 0.78 £0.058 1.14+0.075 0.05+0.017 0.09 +0.023
It & 2 Cystine 0.07 £0.035 0.02 £0.006 0.31+0.046 0.32 +0.040
T %A Methionine 0.13+0.008 0.20 + 0.046 0.71+0.075 0.73 +0.058
S 4 iR Isoleucine 0.35+0.072 0.55+0.058 1.93 £0.144 1.87+0.012
=L R Leucine 1.00 £0.058 1.29+0.121 0.65 +0.087 0.59 +0.058
Ji% % & Tyrosine 0.28 £0.046 0.36 £0.046 0.94 +0.081 0.95+0.104
N 4R Phenylalanine 0.52+0.058 0.67 +0.058 0.14 +0.029 0.11£0.012
B % i Hydroxyproline 0.18 +0.046 0.23 +0.046 0.57+0.052 0.53 +0.064
Jifi & & Proline 0.37 +0.040 0.41%0.012 0.15+0.029 0.17+0.017
fiR M 2 LR KA B Asparagine 0.51+0.075 0.64 +0.052 0.67+0.075 0.69 + 0.064
Acidic amino acids 724 i Glutamate 0.26 % 0.046 0.30 £ 0.052 0.55+0.098 0.68 % 0.058
il 2 S TR 19,44 /% Ornithine / / 0.02 £0.006 0.14£0.012
Basic amino acids i S 3 Lysine / / 0.14+0.023 0.12+0.017
Wi Z M Arginine / / 0.18 £0.046 0.12+0.012
FLR B4 Total amino acids 8.15 10.78 15.03 15.91
SON 24.14 29.81 38.31 49.80
FAA:SON 33.76% 36.16% 39.23% 31.94%
e B BUE N (E £ bRifEZE Note: The date in the table are mean + SD
.1.|:" L . r__H.
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Fig. 2 Composition of soil free amino acid in the paddy soil under long-term fertilization relative to treatment
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Fig. 3 Soil soluble protein nitrogen content in the paddy soil

under long-term fertilization relative to treatment
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( AR rh 5 55 7 S (1 C=O M 45 4i 20 J2 1o e %
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1 460 cm™' ( AJRE . JEVITEIL S P B C-NAH 4 4
B, BDEERZTIT A ) . 1310 em™ (A NH, K
SYINEEY . CNIF4ERS) . 1 000~1 100 cm™
(Si-Ofh4ifksh, C-OMAHRsh, KAWL
W) T AT B A W i, (E R [ i
JIE A2b 3T A B R A I AT U R 5 B A A — S 22
S, R WO [ it AR AL BE R 3 P SON R 4
B B — o 1 2200 o SRR AE MO T
NPK . NPKMAINPKSALHAE2 925 ~2 975 cm ™' i
PR W (IR W A IE 25 % -CH, . —CH,-
M 4EdRsh ) . HAED 587 cm BT B — NS
P RRAE e (-NHZ MRz, BB Ry )
M CKALBEMIZEL 380 cm™ ( COO-fIJ&& | WiAY-OH
G FC-OM ik sh ) 3 W R IE 0 . il
3 400 ecm™', 1 640 ecm™', 1 460 cm™,
1 310 cm B3 W Yic e Ay 5 B AR Ak 2 B ( [RI4 IR
2) , S5CKALFAA, NPK. NPKMFINPKSALFE |
W WA U P A R iR B A A — s B v, U AT R 6%
TR . AT, NH, MO NS AL

R
Eiaa=
SR, ARIAFER3 400 cm™'. 1 640 cm,

1 460 cm ™ "WE T AR XF i 5 1 B2 B NPKS >
NPKM > NPK > CK, 1fil 310 cm™ Wi ] & B
JHNPKM > NPKS > NPK > CK., AL, N[t
HEAb B+ ESONFE 2 DIME e R4k & Wi fe e, H
NPKMAh B i & 2 RN T AR &, i
NPK S A4k B fr 38 fin 40 5 20 Ko F R HA
2.5 AEHEEAETHETIESONE RN EF
I A [) it A Ak BB 22+ B SON & f S L AT
AE 2 PR 19 e B BCiE (3R3) AT U AR HEITY A
Br, @59 %m (ES) , fERDA1 ([ESa) &
—HE 7 il R A —HE T o I R T SON & AR S
94.2%M2.8%, ZFHFAS B &iLE97.0%, Ui
HH T 4 Bl R A0 AR 4 b S it + B SON 3 4t 5 5% ) [A]
THXR, JFEZERSE Pk E. £91 1
gapm A, 2RSS —HE Y R R IEA G
(r=0.948) , HK WA ABNH (r=0.917) |
FEHE (r=0.899) . MBN (r=0.871) FIAH ML
(r=0.840) . AHE5H —H PSR KA,
R R B R -0.806, Ui WA [a) it JIE 4b 3 1- 3 SON
FTERFEZIESA . FABKE . &A6.
MBN., fHLEFZE WM, £RDA2 ([El5b)
Hh S —HE P R S5 —HE R il o i A T AR B Y
92.1%M4.2% , Frikn) G i 2R 1796.3%
)+ IESONA L AE 7 o A [A] it 2 b #EF - 1ESON
A I 5 SON S R, H 5
FEEA—ENZES ., HheF 5% M XERah
#Y (MK AR%¥CH0.935) , HR MEH . Al
. AEBEE G AIMBN, A E R B 9180.805 .
0.800, 0.769H10.719, % & 54 —HEF i i K
ARG, AR B -0.815, TS [H]56 A 4 2
SONZ A/ &t B 5A M. 2% . MBN,
A R WG I A OG, SR HE B,
HRAEAE A 5 B A DA 20 5 et 3 5 S A B 2 AT R 25
0 A [ it FIE Ak 3+ 998 SON & b AR I 10 5% i ok
/NERE A CK > NPK > NPKM > NPKS, ifi & #LJ% .
A . MBN. [l R0 A 22 0k i it 0T A [m] it IS 4k
P 4 HESON F &5t FlZH A 1) 52 e K /N HEJ2 00 2% 3 2y
NPKS > NPKM > NPK > CK., Ht, [ Ae kb
PRIH] +ESON T & 2 73 22 5+ W b, CKFINPK AL
P87 FIEASH A, MINPKMAINPKS F %
ZAML . &% . MBN. 2 [ il 4 2 W il
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Fig. 4 FTIR of soil soluble nitrogen pool in the paddy soil under long-term fertilization relative to treatment
F2 AFREIHEABALIE IR 5 L0 e i A IS FR 3 58 B

Table 2 Relative intensity of the major FTIR absorption peaks of the paddy soil under long-term fertilization relative

to treatment

Qb # Treatment 3400 cm™! 1640 cm™ 1460 cm™ 1310 cm™
CK 34.57 3.93 0.53 0.05
NPK 43.30 5.81 2.59 0.09

NPKM 46.27 12.01 2.66 0.13
NPKS 51.15 15.93 3.56 0.10

R3 KEAARFEMEAEAIE 1R LR

Table 3 Soil physical and chemical properties of the paddy soil under long-term fertilization relative to treatment

Ab B Faxiiy [y B fLBR Aeration A HLJF Organic matter
Treatments  Bulk density (gcm™) Proportion pore (%) ot (gkg")
CK 1.18a 2.49a 9.0%a 5.30a 25.90c
NPK 1.09b 2.51a 11.0%a 5.28a 30.23bc
NPKM 1.02b 2.48a 12.0%a 5.22a 37.13a
NPKS 1.02b 2.48a 11.0%a 5.40a 34.90ab
pig:i! 2R WA YA it A Microbial M ffiProtease A A WL BFGlutaminase
A LC/N
Treatments  Total nitrogen (gkg™) biomass nitrogen ( mg kg™ ) (pgg'h™") (mgg'd")
CK 0.74d 11.91a 47.81c 10.72¢ 49.16¢
NPK 0.82c¢ 11.65bc 56.61b 12.36bc 52.42bc
NPKM 0.96b 11.06¢ 57.57b 15.43ab 53.86b
NPKS 1.01a 10.86¢ 67.07a 18.71a 60.90a

W REVNG FERERE AP ) 2 7 52 (p< 0.05, Duncank % ) Note: the different lowercase letters on the maximum

line mean significant different between different treatment ( p< 0.05, Duncan test )
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Fig.5 RDA ordination of soil physicochemical properties and SON content (a) and components (b) in the paddy soil under long-

term fertilization relative to treatment
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HESON #2795 723.49%, X 2 ML At A +
WRAEAHNE (HIEHEY R BIEES) 1
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HESONT i i E =, NPKMALBSON T & #2
BT 58.70%F128.51% , NPKSALFESON; 42
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kg hm 12 913 kg hm P HIAMNEAHLE ) , #H&E
T A Y R R R A 2 e T
PR, AR BE it AR 2 DL RS A AL B - EMBN
T RN A I G T 3 2 43 1) B B Ak IES A 4
1. 70%F118.48% . 24.84%M51.38%)%2.65%
M11.91% (%3) , MWk K5+ A Bl 55
i 5 EHLAR M SONMI AL 10 5 5 — D7 i h F
AL B S SAH /N TFEIY, A 55
PR Hb 3 I R IESON S &, A F T K RE M A
Ko, PR FEHSZ 20 W W A 14 I, DA T R 3 AR
A 20 e Ah, K IE A BILIE AT
WAL, HEREA, @E%Ees (R3) ,
EEAILENT LR, AHFSONKIEIK ' .
ENIENERE W TN NGRS R 7R 23 Y DO e
SON& B AR, I AINPKS>NPKM,
B — 7 T2 T NPK S &b B 4R A ML A
HENPKMIW1.974% , w9 A ML s A e 2 1
THEAR . M. A 2B X MBN T 42 5
(#£3), MNiAFFSONKIEMR (K5) 5 55—
J7 T2 T it FH 08 A WL ARk 2 10 A B G A it il
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RAFFIE, MR RNABRSE RS LR .
MWt . ZWS 55 /Ny a2, kA
FEFFA R E N F g R | PAERMATTER,
SR N34.62% ~ 41.50% . 18.00% ~ 21.39% F
9.27% ~ 17.70% ' >*2*" | 1 26 1 43 AH 0 B e 1L
Sy RN 0, [al 120 i KR RS AT A A
U H26.76 % ~54.58 % '), WINPKSKLH ik
AR AR A B PR T, Sk
IZAE B VR AR 1 AN A AL ARG R, AT S 0
SONBIERL . BRI, AMEICHLA LA B AR ZE ARG 5L 45

AL, 550 25 b2 = i 3 SON & &t
MARMAELEE T, RN ER KB &M
P, BRI AL AR | kAR AR 2 AL IE + AR
F A 3 KRG 7 3 i R R AL PR AR R 21.58%
39.11%H136.66% , ALAE+4~ 3 F1 b 0 +FgF w0 4b 2
1A 7K R 7™ i 43 o) B¢ B it Ak JE Ak 3B v 1442 % il
12.40% (#£4) , {HH TR SON K B2 I fE
TIE AR SN 2 5 i NG AE , WOAS [m) it A Ah 34 -
HESONFy 3 (148 e W 7K e 7™ a9 1402 D ik S L 2
WA T i — P IRABEA

4 KRR KTE~ 8

Table 4 Rice yield under long-term fertilization relative to treatment

pis: I 11 111 A4 77 5t Average yield of rice
Treatments (kg hm™) (kg hm™) (kg hm™) (kg hm™)
CK 5599 5629 5244 5491Cc
NPK 6976 6471 6 583 6 677Bb
NPKM 7 897 7 464 7555 7 639Aa
NPKS 7518 7572 7423 7 504Aa

B PP Y (LILID) ARARFE BN ESE, AR/NG SRR F A BLE 122 5 8.3 (p< 0.05, Duncanf i)

Note: The Roman numerical figures (1, Il and II1) in the table represent three replicates of the same treatment, and the different

lowercase letters on the maximum line mean significant difference between different treatment ( p< 0.05, Duncan test )

3.2 KEARRMEMAIEN H1ESONE N RIS
K WA [ it HE X 4 58 SON Y 41 43 &% 2 5% i
TRZ|, 5 e AR R TR i A A BRI 5 o AR AR 5 45 R R
WY, i B A SRR A R AT A AU SONTY
36.66% ~44.55%, JESONPE EAH M5y, A
[Fi) it JES Ak 3 () - 098 i g 2 R R0 R R 1 B AR
S 2 S EMHINPKS > NPKM > NPK > CK, 5
SONF #2255 —5, WAL A (L
FAPAE ) FECTHESON | i B 2 R Flml v 1k
EARAGERERM, FESHAEY AR
it AR R AR G, BVEUIR R E AR Y
REVEDI T, MG GUAE PG v, A
fE AL S Al R B R, R
SON B AL 6 AL A HLAS R M 7 . 1 4ESON
& T IEAVLAE M A YAE T Y, P 4 g
SONAL /38R 3Z HHEA ML & i . A . MG
it % M S A B A M BT S, AR SR A5 IR 3R
7K FH - 38 rp & S i v L R A Al A MR A 1
b5 AP . 2% . MBN ., 2 A2 2 5t
Ml IEA DG, SAERAMIK (KlSa, EISb) .

TIPS R, T I R R S T
R, AR MBN L 1 A 2T e T A
e, AN A HLA I i o 0 AN o3 i i i
(iR I REES G 8 s i = W S 3 5 5 3 S S W
XF¥E oK W 458 h 5 i A A HUAUE B A EEAEA

T R ) it S Ak 3 4= 18 S O N w114 Ui 9 2 S
R e LS A (B3) o A
¢ 2% B AS [R) it A A B MR S A kR S 2L A
BARWZESS, XFSONKTTHk R B AN, NPKM
AR TRk AR (39.23% ) , NPK (36.16% )
5CK (33.76% ) #hb#k Z, NPKS &b # £ i
(31.94% ) , %2 A A A it AL b 32T - 458 %
A mE AR, TS ARENET . £
My 55 o3 fif S - (bR AE W 8 R o Fh &,
Hit A TIERZH MR T ER S SEARS S,
M 28 19 5 B 20 i 3 SR BRI 2% o U [ it
JIE Ab BT A% A BB ) A b 34 5 o O
MR > MRk R > Wk E R, X 5. %
bl o B BRI AT S R — B 0, B
B E RN L, USRS T 4
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T 7] it A A 2 A 49 R A AR L, RS A
Syl B — B 22 5, NPRMAL B AT 34 i i 4
FEN/NFHH AR, MINPKSARFE AT N7 32 %
KRS TFHIRAAE (K)o ASFEA HLUIE DA
X A HLAR AL 5 25 SRR B AL AT BB LLR
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TIHESONA /2 5. FFh & A KEMKEH /N
THILEY (RIER . IRWiR . %) 2,
Jiti A 1 I 30 3 R 9 1 [ 4R i - 1 R SON
B2 5, PRIENPRMAD B I 35 b 42 i 1 -
R, ZHK. EHREE, B HERS TS AL
YA AR, MKBEREFF P ARRE ., 4
£ CROREREET RS TG R Y,
A LR FERS RS FAIESE. (2) A
LRI C/NZE S, 3 3k 5% ) = S5 A6 0 1 1 £k [
EAE T B AE + ESOND 4y KRG % AF C/N#;
L WUEMI AR AZ AR, B A A
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6, i A IS A W A K B2 PR, ML
[, P 310 om™ 4 RRAF 04 AH X 58 B 4%
K (F£2),

4 45

KINAS At AL AL BT 7K HH - S8 SONTY #: oy 1 4%
TSNK46.16% ~ 62.45% , /K M 4 He n] % v 2%
P B R oy, AN TRt AE Ak BEE 2 - HESON 7 it
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Effects of Various Influencing Factors of Soil Soluble Organic Nitrogen
Components under Different Long-term Fertilization Treatments in Paddy Soil

YANG Jing' NIE Sanan®’ YANG Wenhao"”> CHEN Chengrong® ZHANG Liming"’> ZHOU Biqing"’

XING Shihe'"*'
(1 College of Resources and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

(2 Fujian Provincial Key Laboratory of Soil Ecosystem Health and Regulation, Fuzhou 350002, China )
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Abstract [ Objective] This paper was oriented to study changes in content and composition
of soil soluble organic nitrogen ( SON ) and their influencing factors in paddy field under long-term
fertilization varying in scheme, in an attempt to provide certain scientific bases for revealing chemical
essence and ecological functions of SON in paddy soil and rationalizing fertilization schemes. [ Method ]
A 33-year long-term fertilization experiment, designed to have four treatments: CK (no fertilizer ) , NPK

( chemical fertilizer ) , NPKM ( chemical fertilizer + cattle manure ) and NPKS ( chemical fertilizer
+ straw ) was selected as object of the study. With the aid of automatic amino acid analysis and Fourier
infrared spectrum analyzer coupled with redundancy analysis ( RDA ) method, effects of the long-term
fertilization treatments on content and composition of SON and main influencing factors in the paddy soil
were explored. Soil SON was extracted with hot water. Portions of soil samples from the treatments, 5.0 g
each, were put into flasks with stopper, separately, with 25 ml of deionized water each, incubated at 70°C
for 18 h, shaken for 5 min on a shaker, and filtered through a 0.45 um filter membrane. The extracts were

analyzed for total soluble N ( TSN ) with the high-temperature catalytic oxidation method and a TOC
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analyzer ( Shimadzu, Japan) and for concentrations of soil inorganic nitrogen (SIN) (NH,-N, NO;-N
and NO,-N ) with a continuous-flow analyzer ( Systea, Italy ) . The concentration of SON was calculated
as the difference between TSN and the sum of SIN in the extracts. [ Result ] Long-term fertilization
significantly affected content and composition of the SON in the paddy soil relative to treatment. SON in the
treatments accounted for 46.16% ~ 62.45% of the TSN in the paddy soil under the long-term fertilization ,
making up an important component of the soil soluble nitrogen storage in the paddy field. The content of
soil SON in treatment NPK, NPKM and NPKS was 23.49%, 58.70% and 106.30% respectively higher than
that in CK, which indicates that treatment NPKS, long-term application of chemical fertilizer plus straw
is more conducive to accumulation of SON in the paddy soil under the premise that the same amount of
NPK is applied. The content of free amino acid nitrogen in treatment NPK, NPKM and NPKS was 32.27%,
84.42% and 95.21% respectively higher than that in CK, accounting for 31.94% ~ 39.23% of that of the total
SON, separately. The free amino acids in the treatment exhibited a decreasing order of neutral amino acids
> acidic amino acids > basic amino acids in content, and were dominantly composed of threonine, serine,
sarcosine, glycine, alanine and isoleucine. The contents of acidic and basic free amino acid nitrogen were
significantly increased in treatments NPKM and NPKS. The content of soluble protein nitrogen in treatment
NPK, NPKM and NPKS was 20.83%, 70.00% and 95.83% respectively higher than that in CK, accounting
for 4.72% ~ 5.32% of that of the total SON, separately, which indicates that application of chemical
fertilizer in combination with organic manure or straw, especially treatment NPKS, can significantly
increase the content of soil soluble protein nitrogen. Functional groups of the soil soluble nitrogen in
treatments NPKM and NPKS, especially in the latter, are reflected as amide compound featured infrared
absorption peak at 3 400, 1 630 ~1 650, 1 400 ~ 1 460 and 1 310 cm™' along the spectrum. RDA results show
that SON varied significantly with treatment in content and composition. SON in treatments CK and NPK
was mainly affected by soil bulk density, while that in treatments NPKM and NPKS was by organic matter,
total nitrogen, microbial biomass nitrogen, protease and glutaminase. [ Conclusion ] SON is closely related
to fertilization treatment in content and composition, and addition of organic manure can significantly
increase the contents of soil SON, acid and alkaline free amino acids and soluble protein nitrogen. The
increased SON in treatments NPKM and NPKS is mainly small molecule easily mineralized nitrogen and
large molecule nitrogen of unknown forms. Free amino acids, amides and soluble proteins are the main
components of SON in paddy soil. Bulk density, organic matter, total nitrogen, microbial biomass nitrogen,
protease and glutaminase are the main factors affecting content and composition of SON in paddy field, but
vary in degree with treatment.

Key words Long-term fertilization; Paddy soil; Soluble organic nitrogen; Composition;

Influencing factors
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