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Abstract:  Objective Soil total nitrogen (STN) plays an important role in terrestrial ecosystems, and hence is of great
significance to mitigating the greenhouse effect and water eutrophication. Any slight changes in the STN pool will pose an
important impact on global climate. It is, therefore, essential to make a precise estimation of STN density and storage in the effort
to optimize nitrogen fertilizer management. However, so far most of the studies on estimation of STN have been done based on
medium or small scale soil maps, and few have been reported to be based on provincial level detail soil databases. Consequently
this study on STN estimation based on a provincial level soil database may help implement agricultural sustainable development
with data support, and design agricultural management strategies. Method In this study, based on the most detailed soil database
of Fujian Province, consisting of 3 082 sampling profiles and a 1: 50 000 soil map, analyses were carried out of spatial
distributions of STN storage and density in the surface soil layer (0—20 cm) and soil profile (0—100 cm), in the bulk soil of the
main types of soils of the Province as well as in the soils of different administrative divisions of the Province. The pedological
knowledge based method, i.e, PKB, was used to correlate soil attributes with soil spatial data. So the 1: 50 000 scale soil map
consisted of 247 969 soil patches and 3 082 soil profiles.  Result Results show that Fujian province has a total of 12.08 x 10°
hm? of soils. The STN density in the surface soil layer and soil profile of the province was averaged to be 0.35 kgrm ™ and 0.97
kg'm™>, respectively, while the STN storage was 42.06 Tg and 116.83 Tg, respectively. Analysis of the soils by prefecture shows
that Nanping City was the highest, being 0.40 kg-m * and Longyan followed, being 0.39 kg'm 2 in STN density in surface soil,
whereas Nanping City was the highest, being 1.19 kgrm? in and Sanming City followed, being 1.11 kgrm? in STN density in
profile soil. Zhangzhou City was the lowest, being 0.24 kg'm 2 and Xiamen City the next, being 0.27 kg'm 2 in STN density in
surface soil, whereas Zhangzhou City was the lowest, being 0.67 kg'm > and Putian City the next, being 0.71 kgrm > in STN
density in profile soil. In terms of soil type, Mountain meadow soil was the highest, being 0.85 kg'm > and Skeletal soil followed,
being 0.57 kg'm ™ in STN density in surface soil, whereas Mountain meadow soil was the highest, being 2.09 kg'm ™ and Yellow
soil followed, being 1.27 kg'm™ in STN in profile soil. Aeolian soil was the lowest, being by 0.11 kg'm ™ and Latosolic red earth
the next, being 0.17 kg'm™ in STN density in surface soil, whereas Aeolian soil was the lowest, being 0.27 kg-m ™ and Latosolic
red earth the next, being 0.53 kg'm 2 in STN in profile soil. ~ Conclusion Consequently, the STN density in the surface and
profile soil of Fujian demonstrates a declining trend from north to south, and from inland to coastal area, too. To sum up, the STN
in Fujian Province varies significantly in spatial distribution. The findings in this study may be helpful in designing agricultural
management strategies and controlling non-point source N pollution in the province.

Key words: Fujian Province; Total nitrogen density; Total nitrogen storage; 1: 50 000 Soil database
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P 1T 1982 AF-A 4 S TR A5 20 Af 1]
Distribution of soil profile samples in Fujian Province of
year 1982

Fig. 1
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Total nitrogen density and storage of soil in the surface and profile relative to study area

)2+ 1 Surface soil (0~20cm)

1 +-4% Profile soil (0~100 cm)

WF9E XK Study area
% i Density / (kg'm?)

fifi & Storage /Tg

% Density/ (kg'm?) fifi i Storage/Tg

4:[H% China 0.54
i1 ") Zhejiang Province 0.30
AHF5E Fujian Province 0.35

54.34x10% 1.13 12.66x10°
29.9 0.85 85.4
42.06 0.97 116.83
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Table 2 Soil total nitrogen density and storage distribution relative to density range in Fujian Province
Gl il #JZ 13 Surface soil (0~20cm) 9 U [ HFTE 11 Profile soil (0~100 cm )
Density range/ [ £/ HAL it HArlt Density range/ [ FY/ HArlt it HAr L

(kgm?)  (10*hm®) Perecentage/% Storage/Tg Perecentage/% (kgm?)  (10*hm’) Perecentage/% Storage/Tg Perecentage/%
<0.1 0.59 4.88 0.40 0.95 <0.4 1.36 11.26 3.70 3.17
0.1~0.3 5.65 46.77 12.28 29.19 0.4~0.8 4.42 36.59 26.65 22.81
0.3~0.5 4.15 34.35 16.00 38.03 0.8~1.2 3.49 28.89 33.91 29.03
0.5~0.7 0.89 7.37 5.15 12.24 1.2~1.6 1.45 12.00 20.14 17.24
0.7~0.9 0.42 3.48 3.30 7.84 1.6~2.0 0.55 4.55 9.91 8.48
>0.9 0.37 3.06 4.94 11.74 >2.0 0.81 6.71 22.51 19.27

20T LIFE H, A R)Z L4 A% A
0~0.1 kgm?, 0.1~0.3 kggm ™=, 0.3~0.5 kg'm >,
0.5~0.7 kg'm™>. 0.7~0.9 kg'm>H1>0.9 kg'm %X 6
VI 22 ) Y 3 v R 4 0 R . 0.59%10* hm? |
5.65x10* hm?, 4.15x 0 hm*, 0.89x10* hm*, 0.42x10*
hm?f10.37x10% hm?*, 4351 b7 44 + 48 5 e ALY
4.88%. 46.77%. 34.35%. 7.37%. 3.48%#13.06%;
SRAERI M. 0.40 Tg, 12.28 Tg. 16.00 Tg. 5.15
Tg. 3.30 Tgfl4.94 Tg, 4l 5 &8 £K)Z HHELE L
EE: 0.95%. 29.19%. 38.03%. 12.24%. 7.84%
M11.74%. FHILAT I, AR RZHIELSREE £
FAEFFE0.1~0.3 kg'm *H10.3~0.5 kg'm 22 [i], X
[ A S I P T AN e o M 1 20
81.12%. a2 il + 49 4 B EAE0~0.4 kgm 2,
0.4~08kgm?, 0.8~12kgm?*, 12~1.6kgm?,
1.6~2.0 kg'm *H1>2.0 kg'm 23X 635 Bl = [a] 1) + 43¢
AR ALY 9k . 1.36x10% hm® . 4.42x10% hm?* |
3.49x10° hm® . 1.45x10* hm®. 0.55x10* hm? #il
0.81x10* hm*, 43l (5 4 H IR AR . 11.26%.
36.59%. 28.89%. 12.00%. 4.55%#16.71%; SEfif
Hr91283.70 Tg. 26.65 Tg. 33.91 Tg. 20.14 Tg.
9.91 TgM22.51 Tg, 4l 448 ¥l 1 158 4 LS
H3.17% . 22.81% ., 29.03% . 17.24% . 8.48%Fl
19.27%. X FR IR EEAE S 1 4 4 0% B AR D
760.4~0.8 kg'm >F10.8~1.2 kgm 2Z 8], X PG
Rl 23 A B TR | 4 BT R 65.48%, fiti i
R o T A S R 1 51.84%

Mz Bk E (E2a), A RELELER
WRERE (>0.9 kgm ™) A X I8 3 B4 A 7E LB |
ZRACFRAIPEEE, WAN0.37 x 10* hm?, 544+

SR 3.06% , 31X 32 SR KA 9 IX BB IR LA L Ml Fr
Bk, [V R LA B R AR AP R
SR HE 25 K 448 S0 . R DA B HEAE A 4R
FERILANAT Tl R AL BKGE m, VAR R
T, HREKEEIC, iR I i ) 245 A R T AR B
ARAMARMRP, R K2 LIRS EER
ik (<0.1kgm ™) By X3 EZ /A 76 AR R T IR L IX
2R B, B, ARITRER BB S,
I M X A SRR B it Ry, AR R 4 E R
TSI RPN, NE2bT LI, 8 a4 i+
B AREERE (>2.0 kgm?) AYHLIX B FE )
AFEALER . PHERAARACES, ik 3 EEA R X AR
Z W AMEA TS R . A Hm b A%
FERK (<04 kgm®) M X0 F B FE RS
PR, XA 5% X R A AR T A R B
Ko BRKRE, fWilg SR E RITEAL,
P BGm CREBIE IR LX) s
22 REATATIXREEZESHENSH
MFRIATLUE L, fEERZ LI 2 A%
Foe (i B 2 1 R | M R R, 4 )08 0.85
kgm?, 0.57 kg:m 210.52 kg-m 2, i + 3 A 1
Mo £ EHERUKAS £, 0055209 kgm 2,
1.27 kg'm 2F11.07 kg-m >, [iHbH )+ FE A LE
900~2 000 mf) E v HLIX , SIRARMIRFER 2, S5
B R AR R R T R R b e Y e
KL HAEHER 900~ 1 200 mzZ [A] () rpr 1Lty , 4F3
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, 0 50 100 ) 0 50 100
0~20 cm STND/(kg'm™) L —— 0~100 cm STND/(kg'm™) L1411

<0.1 M 0.1~0.3 mm 0.3~0.5 0.5~0.7 1 0.7~0.9 i >0.9 <0.4 I 0.4~0.8 N 0.8~1.2 0 1.2~1.6 I 1.6~2.0 I >2.0

Bl 2 FEHEE 0~20 cm 22 M 0~100 cm 51 18 £ 5% E 451

Fig. 2 Spatial distribution of total nitrogen density in the soil surfaces ( 0-20 cm ) and profiles ( 0-100 cm ) of Fujian Province

R3 BEETRLIAXTRLATESHENH

Table 3 Total nitrogen density (kg-m™> ) and storage (Tg) in the soils of Fujian Province relative to soil type

2¢)2 11 Surface soil (0~20cm) |7 11 Profile soil (0~100 cm )

+2% TR Area/ HArt
fiti it/ Aot I/ fiti it/ HAal I/
Soil type (10°hm’) Percentage/%
Tg Percentage/% (kgm™) Tg Percentage/% (kgm?)

¥ 1 Coastal solonchak 1.16 0.96 0.26 0.61 0.22 0.89 0.76 0.76
fil - Fluvo-aquic soil 0.20 0.17 0.05 0.12 0.25 0.11 0.09 0.54
FRZ1HE Latosolic red soil 6.93 5.73 1.20 2.86 0.17 3.69 3.16 0.53
#H 1 Skeletal soil 0.0011 9.07x10*  0.62x10°  1.47x10° 0.57  0.78x10°  6.67x10* 0.71
Kb+ Aeolian soil 0.53 0.43 0.06 0.13 0.11 0.14 0.12 0.27

£T 4 Red soil 86.27 71.40 30.43 72.34 0.35 83.72 71.66 0.97

4 Yellow soil 6.07 5.025 3.13 7.45 0.52 7.70 6.59 1.27
1113 %5 4] + Mountain meadow soil ~ 0.085 0.07 0.07 0.17 0.85 0.18 0.15 2.09
£1 % £ Lithosol 0.16 0.13 0.04 0.10 0.27 0.13 0.11 0.85

JK & £ Paddy soil 18.04 14.93 6.42 15.27 0.36 19.33 16.55 1.07
B4 Neo-alluvial soil 0.034 0.029 0.01 0.03 0.40 0.02 0.02 0.72
#4061 Purplish soil 1.35 1.12 0.38 0.90 0.28 0.92 0.79 0.68
J3T Total 120.83 100 42.06 100 0.35 116.83 100 0.97
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Table 4 Climate and topography of Fujian Province relative to soil type
+3 EYEE /(C) A [ K B /mm W /m WE /(°)

Soil type Annual mean temperature Annual mean precipitation Elevation Slope

Wb+ Coastal solonchak 20.1 1444 40 2.0
4 Fluvo-aquic soil 19.5 1540 164 3.5
IRZI3E Latosolic red soil 20.7 1427 76 4.0
Hl + Skeletal soil 17.5 1720 308 2.8
AT+ Aeolian soil 203 1323 39 1.8

ZT3E Red soil 18.5 1 665 448 12.8

HIHE Yellow soil 18.2 1709 1118 17.6

L1 b % £ - Mountain meadow soil 18.8 1 667 1430 18.9
fiJK+ Lithosol 19.7 1586 298 7.1

/K + Paddy soil 18.8 1645 419 10.3
i Neo-alluvial soil 20.0 1519 100 1.1
245+ Purplish soil 18.5 1 685 440 9.5

{8 Mean Value 18.8 1638 414 10.5

FEsK K1 720 mm, PR 308 m (£4 ), AL
MR A& oK A R TFRRBE . KL
TR FREACRE, 85 R FE DAL
W AR S, R K R AR B 2AT — 2 0 [ AR
FAP2330s PR 1% - 25 3 J2 R i - 398 4 S0 BE A X
Wt (F23). A EAE 28 J2 R T 4 48 4 0% B X
JRIE A, A H10.11 kgrm 2H10.27 kgm 2, % 2%
T IE AR B X, SEYMIRA 39 m, SF
Y oh1.8°, 4EIR-N203  , AERRKE M1 323
mm( %4), TR EAF TRERZR; 1k,
Wb+ Rk RS, AR R AR RS
- ERb R R AR SCE . Hofh £ R RS2 A
ABENT0.17~0.4 kgm 22 6], HIH HIEL A
JEAF0.53~0.97 kgem > i)
AR, A R)Z A w6
Y A e 1Y O LSRRI KRS A, 405 30.43 Tg i
83.72 Tg. 6.42 TgH119.33 Tg, XM HIMEEZ
Ty 44 3 2 AR T A 4 4 S i R 87.61% Al
88.21%. X —J71H 5 BN KA M E A K, 40
HOR AR N mm AR K2, mABLENESE
B e R o A R R 2K, R AL
4 N R86.33%; 35—y i 5 iX 2%

WA BERK (R3), mMEERZMmHm+
e AUAEE R AT RRLE £, 439080.62x107° Tghh
0.78 x 10° Tg,
23 REEARAIXLRAEEEHEST
MFRSHTLUE H, e AR 28 T RZ A
T 4 R B e B M L R e £ 43 )R 0.85
kgm H12.09 kgm?, %350 A 78 TF 5 w5 0 3
X, FfAEPAERRE, B )Z)RIR31 £ 4 cm,
AEMES, A, WEEBEEL. et
RN+ = WRNR)Z TSR R RS,
A3 40.59 kgm ™, 0.57 kg'm2#10.52 kg'm 2, X ¥
BRI KR+ 2 0 R R, HEKAR ,
T RSB BRI, SRR SRENE, FIT REPY,
HE 206 TIREZWX, WHTRERY;
TR LA A0 DX — e b B v T B, AR T
AHLERER, mAMRERWEAR S ESAVLERIE
FEOS, e ) e -+ 8 b R KRS R R KRS
WK 2R RS, 29117 kgm *H11.79
kgm 2, B FEREE N I pHAAL, MRS
A ER, FITRRREP, 5 225
AEH SRR HL X, FAEZ KR, A HLT o
NS, AR Sl o HAh 2 3R 2 A
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4R B9 T0.17~0.51 kg'm >H10.53~1.27
kgm “Z[H],
MEFMEERE (KS5), A, HaOPEmE
BRIZAH I HIEh A ER &N, 50k
#)21.78 Tg. 59.64 TgH6.52 Tg. 17.18 Tg, XM
V2 it £ 2 R 4 ) o 2R R RN T g 4 AU A i

1167.28% . 65.76%. iX—J7 i Je B b £ 81 A 148
AR, iK5)6.311 x 10° hm?, #LTIER >,
A71.702 x 10° hm®, 4 # 1 BLE AN (5 4248 39 8 i A
1970.31%; 75— 77 T2 RT3 4 22 T A 1) b [X
MBI ZE, ARk, HEAIRERES, FHU
SREERS . et RRKRE L RS RE

x5 BEEETEITXATRLATESHELSS

Table 5 Total nitrogen density (kg'm?) and storage (Tg) in the soils of Fujian Province relative to soil type

2¢)2 11 Surface soil (0~20cm)

1 4 4E Profile soil ( 0~100 cm )

T Area HArk 3y AN e
T2 Soil subtype fitii Hor fitt it
/(10° hm®) Percentage/% Density / Percentage Density/
Storage/Tg Percentage/% Storage/Tg

(kgm?) /% (kgm?)
i+ 0.15 0.12 0.037 0.087 0.24 0.10 0.088 0.68
b e 1.01 0.84 0.22 0.53 0.22 0.78 0.67 0.77
ARLTHE” 6.26 5.18 1.06 2.51 0.17 3.33 2.85 0.53
ARETIENE” 0.67 0.56 0.15 0.35 0.22 0.36 0.31 0.54
L 0.034 0.029 0.014 0.033 0.40 0.025 0.021 0.72
R+ 0.001 1 9.07x107* 0.000 62 0.001 5 0.57 0.000 78 0.000 67 0.71
arE” 63.11 52.23 21.78 51.77 0.35 59.64 51.05 0.94
gragE £+ 6.13 5.08 2.13 5.06 0.35 6.89 5.90 1.12
LTI 17.02 14.09 6.52 15.51 0.38 17.18 14.71 1.01
H 4.81 3.98 2.48 5.88 0.51 6.09 5.22 1.27
L U 1.26 1.04 0.66 1.57 0.52 1.60 1.37 1.27
3 o 0.20 0.17 0.049 0.12 0.25 0.11 0.092 0.54
P\ v 0.24 0.20 0.076 0.18 0.32 0.19 0.16 0.80
HEKRELS 2.03 1.68 1.19 2.83 0.59 3.64 3.12 1.79
Ly A £ 0.085 0.071 0.073 0.17 0.85 0.18 0.15 2.09
BEKREL® 8.64 7.15 2.75 6.555 0.32 7.96 6.81 0.92
[i73d R o 1.35 1.12 0.38 0.90 0.28 0.92 0.79 0.68
JER KRS £ 0.00097  8.07x10* 0.000 32 0.000 77 0.33 0.001 1 0.000 97 1.17
wHEKRLE® 0.19 0.16 0.029 0.069 0.15 0.13 0.11 0.66
UKL 0.85 0.70 0.28 0.67 0.34 0.94 0.81 1.11
WEAKRL® 6.09 5.04 2.09 4.96 0.34 6.47 5.53 1.06
A v 0.16 0.13 0.042 0.10 0.27 0.13 0.11 0.85
FENAn 120.83 100 42.06 100 0.35 116.83 100 0.97

(DCoastal solonchaks, @Coastal tideland solonchaks, @ Latosolic red soils, @Weakly developed latosolic red soils (3 Alluvial soils,
®Acid skeletal soils, DRed soils, ®Weakly developed red soils, @ Yellowish red soils, (0 Yellow soils, {(DWeakly developed yellow-brown
soils, @Gray fluvo-aquic soils, (3Bleached paddy soils, @Gleyed paddy soils, (®Mountain meadow soils, @Percogenic paddy soil, DAcid

purplish soils, @®Acid sulfate paddy soils, (9Submergenic paddy soils, @Salinized paddy soils, @)Hydromorphic paddy, @Terra fusca,

@Total
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R T A 39 4 Ui B A/ NRAE S, 4391 240.000 62 Tg
0.000 67Tg#10.000 32 Tg. 0.000 97Tg. Hl 5+ Wk
— 5 1 R R A U B AR, AR 0.57 kgrm ™ (0~
20 cm) F10.71 kgm > (0~100 cm ), %5 —J7 HitHJ&
i FHA A AU, AU 110 hm?, S 8L B G R AL
R 7K R 288 W2 R g 43 ) T RRAR /DN, T o e
A 3R TR E B RRA
24 BEEEARITHREZRAZESHESH
AR TRV B PO A g, T
DA TECX AL () M B BN TR, H SRR
RKZES . NERTLIE N, M fMlpaimnEZ
TR EE R, 9 ~H0.40 kg-m 2F10.39
kgm0 R - T R = BA T 4 T 4 A U i
B 119 kgrm PHI1L11 kgm 2, 53X —J7 12 A
e =W AR P T SRRk, PR
%3 498 m, 501 mFl 393 m, H—mEHT
XL TR IR AL, 35195 L 185
8.0, W4EYIFEKESIRT 649 mm, 1 673
mmAll 722 mm, REZWARTARHRERED,
Ak, M R E A BB P AR VeI =B |
PR A P, KA AR T T R R
P A R AN IR A AU B R AR A S
BN, 2090°00.24 kg'm 2 H10.67 kgm 2, %l
EWREEE R, KF21.0 , WEHBKEN
1522 mm, 5 /0 W A A Sl T 2 A1k

AL, ZH T 224 T X, IR i
FOMELUMRTRE, SRR SRR,

MERBEKRE (£6), BFH . =W
A FRIZ R IR R R R T, 53002010.56
Tg. 30.94 Tgfl8.83 Tg. 25.25 Tg, X HLZL T AY
SR 0 AR 282 R T 4 8 4 R
H1946.10%F148.09% X 32 B2 F hy e 7 Al = B )&
S R KA YT, 4 Sk E
26.07x10° hm*#122.71x10° hm*, —F M2 A5 4
AR AY40.38%; IEAL, BEETT . =BT R
JZ ) T 4 4 U E 4 9 M 0.40 kgm L 1,19
kgm >f10.39 kgm 2. 1.11 kgm?2, W& T2E
2K (0.35 kgm 2F10.97 kgrm™2 ), JE [T
J2 R T A A e R A A A A AT X AR IR
1y, 435128037 Tgfl1.14 Tg, A R4 FKZEHH]
I IR BRI 1%, TERN NIZT RIS A
HEARH A AN (6 ),

3 45 i

0~20 cm 0~100 cm
0.008 kg'm*~2.529 kg'm>
0.013 kg'm *~11.02 kg'm >
0.35 kgm?* 0.97 kg'm?
42.06 Tg 116.83 Tg

*6 BEETRITHELIELAEESHENSH

Table 6 Total nitrogen density and storage in the soils relative to administrative area in Fujian Province/ (°C)

) Hortk )= 13 Surface soil (0~20cm) T+ 4 Profile soil (0~100cm)
Mg [ Area
Percentage fith HAr L %5 J¥ Density / fit HArH % % Density /
City / (x10° hm?*)
1% Storage/Tg Percentage/%  (kgm?) Storage/Tg  Percentage /% (kgm?)

&M Fuzhou 11.91 9.86 3.78 8.99 0.32 10.26 8.78 0.86
)% Longyan 18.87 15.62 7.41 17.62 0.39 19.04 16.30 1.01
R Nanping 26.07 21.58 10.56 25.11 0.40 30.94 26.48 1.19
T Ningde 12.80 10.60 3.83 9.11 0.30 10.93 9.36 0.85
T M Putian 3.69 3.05 1.06 2.52 0.29 2.63 2.25 0.71
R Quanzhou 10.91 9.03 3.18 7.56 0.29 8.31 7.11 0.76
=B Sanming 22.71 18.80 8.83 20.99 0.39 25.25 21.61 1.11
JEI7  Xiamen 1.37 1.14 0.37 0.88 0.27 1.14 0.98 0.83
T Zhangzhou 12.50 10.34 3.05 7.25 0.24 8.33 7.13 0.67
B3t Total 120.83 100 42.06 100 0.35 116.83 100 0.97
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Wb ) £ BEERTDHLE £, AR R £
IREHE, L, SRUBEES R LR R
rhy A 3 m Z WD H RE B A2 0 A TR R 4 R
W R AR, A IR A A AU 2
WA Hop, 2oy KR £ MBI = A £ 2 i
e, A A RIZ T A AR Y
95.06%F1 94.80% 4 1 584 R B SR VR
WA, T PN RS S R A A A SR o, JetA T
SRR T R SRR Lk, R R R
o, T AL TR B X, 43 4 AU A .
48 4 U I R Y T A R SR =B XA
b 2 T I A U R 2 A ) o A Al 2R 2 R I+
A E AR 46.10%F1 48.09% ., AN 5T S
FRFEA 35 B 125 7 KR+
XA FR A I A A AT T AR, (A LA
R E At 7S 18] 43 A B 52 ) R 2 o T T R
HEUR A, TR S M A R 2 R (I BT
R R 2R A 5 ) LR AR S
B, WA EHE— LR HRGEAEAT -
8 4 G823 18] 43 A7 R 5 ) R 38 8 HG PN A A ML 3
Y .
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