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Abstract; Extractable soil organic nitrogen ( SON) is an important nutrient pool involved in N transformations, and the
content and conversion of SON are affected by fertilization practices. However, many gaps remain in our understanding of
SON, especially in agricultural soil. The effects of long—term (1990—2009) fertilization on exiractable SON at elongation,
flowering, and harvest stages in wheat were evaluated in a loess soil ( Eum—Orthic Anthrosol) in northwestern China. The
treatments included no fertilization (No-F) , application of inorganic NPK fertilizer ( NPK) , and combined application of
inorganic NPK and manure ( MNPK). Using "N tracer techniques, “N-labeled urea (165 kg N/hm’) was applied to
microplots within each treatment to investigate the effect of short—term addition of N on content of extractable SON during
the wheat—growing season in wheat monoculture cropping systems. The extractable SON content was 7.5—29.3 kg/hm” and
accounted for 40% , 56% , and 56% of total extractable N in No-F, NPK, and MNPK, respectively. Compared with No-F,
application of inorganic NPK fertilizer increased exiractable SON content significantly (55% on average) in the 0—15 cm
soil layer. Extractable SON content in the MNPK treatment was significantly higher (by 32%—35% ) than that in the NPK
treatment in the 0—15 c¢m layer. Long-term fertilization had no effect on extractable SON content below 30 ¢cm. Extractable

SON was highest at flowering and was significantly higher during flowering than at the elongation stage in NPK and MNPK
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(by 48% and 82%, respectively ). In relation to No-F, fertilization treatments increased the total extractable SON
significantly in the 0—100 cm soil profile, SON was 43.1, 51.6, and 55.2 kg/hm’ in No-F, NPK, and MNPK,
respectively. Addition of N had no significant effect on SON content in the 0—15 em soil layer during the same growing
season; however, 0.4%—2.8% of SON was derived from the “N-labeled fertilizer applied before seeding, representing
0.03%—0.24% of the fertilizer, and short-term addition of N increased total extractable SON in the 0—100 cm soil profile
by 35% , 30%, and 14% in No-F, NPK, and MNPK, respectively. We conclude that the conversion of inorganic N to
extractable organic N was slow. However, long—term fertilization increased extractable SON content in the topsoil, and SON

is a significant nitrogen pool in agriculture soils.
Key Words: long-term fertilization; wheat growth stage; leaching; "N labeling
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Table 1 Soil property in 0—20 cm soil layer after 19-year different fertilization managements

- e e e

I No fertilizati Application of inorganic Combined application of inorganic
ems o ferttization NPK fertilizer NPK and manure

AP Soil organic C/ (g C/kg) 7.5 (0.3) ¢ 9.2 (0.3) b 13.2 (0.2) a

2% Total N /(g N/kg) 0.86 (0.02) ¢ 1.04 (0.00) b 1.40 (0.00) a

F %W Available P/ (mg P/kg) 3.2 (0.6) ¢ 444 (72) b 110.7 (18.6) a

HALER Available K/ (mg K/kg) 176 (14) ¢ 278 (23) b 345 (17) a

VBB AP RE (B2 (n=3) o [A—1TREV/NG FRERIR 225215 B3 K
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e 3R A A LA TR & &,
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ﬁﬁiﬂi’]“j:fiéﬁf{ﬁ PEA LA S & A SE R Fra— P— pr—
iﬁ%m{ﬁﬁﬁm%ﬁ E‘Jﬁij’ﬂ 7.5—29.3 kg/th( i":{ KAk Sampling times

2) ., i BRI B 0.6%—0.8% HAKRTHEM g pgommekmsetinn 0—1s om) R T HBmILHT
A BERLR BT EB R 0.5%—2.8% (1), 4% /5 A AT AMEHLEE S b (Ndfo% )

Ef/‘] 0.030/0—0.24%O ﬁ%ﬁxlﬁlﬁﬁﬂlﬂﬁ% ?ﬁ ﬂﬁ EON é’\% Fig.1 Percent of soil extractable organic N derived from I5N-
( P < 0.01) ( %% 3), Lﬁ‘ No-F #H It , Kﬁﬁﬁﬁﬁﬁﬂj Jil @ii labeled fertilizer in soils (0—15 cm) under long-term different
EON ﬁ%iﬁﬂ 349%—89% , %ﬂﬁ mﬁi\j 55% ( %% 2) . {/( fertilization managements during stem elongation ( ET ),
,ﬁﬁﬁmaﬁjﬂﬁaﬁﬁi%ﬂ{ﬁ‘fﬁﬁ*ﬂﬁ@%?ﬁl%ly\j 12.0— flowering (FT), and harvest (HT) stage of wheat
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25.6 kg/hm?® ,“F-44 4 19.0 kg/hm?, i % 5 T NPK 4b3 (3 2), MNPK Fl NPK 13 EON %) & £ 4> 51 K
40%—81% 1 39%—81% , V-39 H 56% (& 2) . No-F AT A HLA AN & &l 40% , B KT NPK
A1 MNPK +3E (K 2) .

x2 LTEHE(0—15m) TREEEHNEASE
Table 2 Soil extractable organic N content in 0—15 cm layer of soils under long-term different fertilization managements at different growth

stage of wheat (kg/hm?)

jei R A e Contined syl o

N treatments Sampling times N fertilization NPK fertilizer inorganic NPK and manure

ANt A W 7.5 (1.7) Ac 124 (1.7) Bb 140 (19) Ca

No application of N Piwia ] 9.2 (1.1) Ac 174 (1.7) A b 256 (1.1) Aa
ek HA 9.2 (0.6) Ac 12.4 (1.3) Bb 16.1 (0.1) Ba
S| 8.6 ¢ 14.0 b 18.5a

Jiti & ELaE ] 8.4 (0.7) A b 12.8 (0.9) Ba 122 (2.4) Ba

Application of N Piwia ] 10.6 (3.5) A c 153 (1.3) Ab 293 (4.5) Aa
ek A 10.5 (0.7) Ac 15.1 (0.2) A b 17.0 (1.7) B a
T 99 ¢ 14.4 b 19.5a

F B I (AR ) (n=3) 5 [A—FTARVNG FRERIE — AR R RS - 3R 22 57 0.05 K- 3%

%3 REIHEARA L KATR TR AR A AR F 0%
Table 3 F-statistics of three—way ANOVA on soil extractable organic N

5 SRR A B F 1 P Al

Source of variation Degree of freedom F-critical value P-value
it AL FE N treatment 1 3.78 0.0594
K7t AE AL B Long-term fertilization 2 180.59 <0.0001
Ve E K B BE Growth stage 2 80.61 <0.0001
Jiti BALFEx K WAL AL FE N treatment X long-term fertilization 2 0.03 1.000

WME AL B AEY) A KB BE N treatment X growth stage 2 2.1 0.1363
KA A B x4 A 4 B BE Long-term fertilization X growth stage 4 19.03 <0.0001

22 NEARFEERBBATEHEA LA S &

SASRAERHA T IR EON & i i, I NPK Fi MNPK 13 EON & i 40 3R & 489% il
82%, /INEAKNT No-F 13 EON i o #5m (£ 2) , AR B0 EON A& &, NEFFE
AL A DL EAIRT S B R, AL PR BN 38%—81% ,F-34°K 64% 5 /N2 WO ml i A HILEAR X5 1
R 50% ; $5 A TTE M A HLA AR e fiG, 2 AL B340 39% (1 2)

2.3 FIEHEAPUASE L 0—100 em ) 1H A9 A0

KA AR £ 225200 0—30 em +JZ EON &, X%} 30 em PAN £ )2 EON S 2 A K (K 3), No-F,
NPK F1 MNPK +3% CK AbFH 0—100 em +35] i EON 284390 43.1 .51.6 F155.2 kg/hm’( [ 4) ; MNPK
M NPK T3Erh EON 2R E TR & 25, WH Y RE ST No-F 14, TERMERTA i AL AL BEAS [] 1+ 1 40—
100 em 2R ATENEA HLE > B 5 AT % M S A 43%—50% . bR it ZUIE 43 158 BEON B4 14%—
34% ,No-F NPK il MNPK + 3353k %) 58.1 .67.2 F163.2 kg/hm* (&l 4)

31 RIEWIEEAPLAN S =
FEARIS o, KA G AE 1 3682 EON 55k 8—27 kg/hm®, No-F,NPK Fl MNPK = Fiftjiti AT Ak B %) +
HE EON 5l S U e 43 500K 139%—67% ,38%—82% 1 44%—57% , Jensen %5 B35 W, 1E V0 + A0
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Fig.2 Effect of long-term fertilization and growth stage of wheat on percent of soil extractable organic N in soil extractable N
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Fig.3 Soil extractable organic N content in 0—100 cm layers of soils under long-term different fertilization managements
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Fig.4 Accumulative soil extractable organic N in 0—100 cm layers
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MEAHLE ., FEARHER M 3 b | Dail 257 WFgTHE W 260 IR 48 S 2 T8 R s 308 K T 3 vh 43 50 K 204 30%
40% 1 55% FTINA PR AS B T A HLA. Compton %5170 Al Perakis 457 AR i EINA £
BeZ J5 AR KB s Ak Ry - T A HLAL, Davidson 28 W58 & B, i A EUMA L2 5, 78
BRER AL S YIE R T 5 A0 WA S A, TS A S LA S & A s A LA, (3 H A
AR A R B RS A R LA R, AR ST, BN A KA
0.5—2.8% M ALK IR T S 2t FH I IE R, 5 M A ZIER 0.5% LA . Wd B Ak 2% U8 1) ol 5 1
HHLEM A LU S A R AR R AT O . AERH LR AL X 220 10y - S nT s A ML B2
4G (1) FEMERH A H 582 )5 38 3 30 W i [ Re S 54k 5853 IR LT A LA TR S R 2
dHgER S (2) it A Y AR R T 3 e A R L S I A I A R R T R LA
3.4 INEAERKE B AT LA R R

VED B AR IR A DLA S A B AR ARBF g 2 /N A 3T A MRS
R AT PE A HLAY E B e, X 1B RE B AR K AR R I T A LA B, Hofthe o e
HWAHFEAEE S O A FERE A K W B ME IR R AR R E YA+ e W o T sk,
W FEAEYFFAE SRR 2R 075 40 (0 e T TR AR R AR S A ) — 1l AR R B A i ) BB TR A B S K
PRI A LA o3 — O T, B 2 WA ML R A fUE B i T R R BRI T, DA T n T SR A )
e RS R A LA S R B IR AR
3.5 AIPEA LA IR 0 o A

KA PR B AAL B 82/ 0—15 em 2 AIEMHA VLA S &, (X 20 em DU B3R EHEAHLA S
H G , MNPK 13 40—100 cm #] 10 H AU EON 5 No-F A1 NPK 3404, UK 594G HLAE fic it AL AE
I+ HEB 2 AT A MRS B (H Dyke 55048 | 5 St A0 A A L it TG DILIE (6 58 22 ) mT i v A AL
RMBER T Z, JEFATHE S Dyke 5 MBI ST A7 HLAE (9 it FH 4t B8 5 (B4 A AILAE S AL A9 201 R 240
kg/hm® ) FIHR G EAT OB K (156 4F) 43 56, FERPE AT A it ZUIE AL BEAS [] + 3 40—100 em RFH AT
A HLEST A G T B A 43%—50% , Madou 45 5T F0H | + 38 Al s R 40O I /R TP T
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