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Land-use type map andsoil sampling site distribution map of Jiangxi Province
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Table 1 Descriptive statistics of total nitrogen ( TN ) , total phosphorus ( TP ) and N/P ratio in the soil of Jiangxi Province

+ e )E vk FE 3L IR/ ME R TPHE bRfEE BRRHECY WE 635 Gy A A
Soil properties Numbers Minimum  Maximum  Mean SD (%) Skewness  kurtosis  Distribution type
28" (gkg) 16 109 0.26 3.57 1.58 0.49 31.01 0.15 -0.01 1EZ5Normal
2% (gkg™) 16 109 0.20 1.15 0.52 0.17 32.69 0.71 -0.25 XHACIE A
ALY 16 109 0.28 13.63 3.38 1.54 45.56 0.85 1.00 St 2

(Total nitrogen (TN ) , @Total phosphorus ( TP ), @N/P, @Log normal
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Fig. 2 Isotropic semivariogram of TN, TP and N/P ratio in the soil of Jiangxi Province
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Table 2 Semivariance parameters of TN, TP and N/P ratio in the soil of Jiangxi
+ g )m ] Pl B P20 T HRE BB B
Soil properties Model Nugget  Partial sill  Nuggest/sill (% ) Range (km) Determination coefficient Residual
TN Bk Spherical 0.157 0.251 62.55 93.78 0.851 0.001
TP F i Gaussian 0.020 0.031 64.52 33.41 0.898 0.000
N/P Bk Spherical 1.433 2.367 60.54 18.36 0.874 0.005

)48 5 5 A G A AR S e ) P T 8
62.55% . 64.52%160.54% , FWITN. TPHIN/PHY
9 AS MAH O, BEMLME N R TR 5 7S 0] AR S5
FERFEMPERZE . TN, TPHIN/PHAS R 5 5k
93.78. 33.41f118.36km, FHATNA = E] [ A0
R, MITPAIN/PAYZS (8] [ AH OGS B3/
23 IAELTIER. BT BT FHHE

R UL BV P 48 - HEN/P I 2 0] A8 SRR AIE
P2 7 2 BRI 0 Atk L ds S 3 v BERS kit
5T X TN . TPAIN/PHEAT2S A4 E, #1152
SHMAE A . ME3FTR, TNSN/PE) A | 4
R AR CE3 (a) FES3 (¢) ), &K
A MaFAA 2, A5 B oA S SR M AR AE , BEAE —
SEFREE DRI R A B S TP A A 5O
W, Hd, &EAE0.4~0.6 g kg ZIE] FT & AR L
Bl dRc R . TN N/P ) e i DX ek 3 B0 A A b el 2
BE . BT HE R SRR MEALR . B
AhiaEE . ONH RN B ks T e E, B
T2 L3 A A RO T AP SR P it X (T
(b)) 5 ARMH X 322253 A 7 8 M T A5 = E ALt
T e, el Woa | kBRE5EEE (E
3(c) ) o REITXIRN/PALTF2.0 ~ 5.0 1],
2.4 TENPZFETRHIFMMEZR

B A B T3 52 e - A SR AR R S AR

PE P32 2H R XU R 2 R A S | I R
RIS BTV NP [ AR
IR EE (p<0.01, £3) o ANEWLERETAA
FIN/PYI(EZE I (%4) o DIBRIR ALY i
#(3.66) , FERERYEM (2.33) . WA
SERBOTUAEN (F£4) , AIEEETEN/P 45
S, AR REUR R N67.38% ((FE AT R
Y1), fkh45.14% (LR EERAY) .

ANFEEERBEAERNFEY R SR 7Y
AL BB, Mmisgm + g/ m & a . g
KXV E L HEN/PA AR S 2% (p
<0.01, F3) . SFp AP N/PEE KK
WHhHAKLE (3.84) >/KF+ (3.40) > 401
(3.30) >+ (2.97) >&EHw+ (2.02) . &
SRR T N33.44% ~73.27%2 6], LLEH# +28
SRBURK (73.27% ) , $RUDUEH AR 57 R 5/
(33.44% ) , ¥ Trh AR R0 TEKAE L m3F
WA, LI ERUKRE LS EEMR (3.14) , 1Mk
HROKRE RS (3.59) , X7 KE+EA
[Fi] 372 22 [i) ply T B ) a2 AR 5 EOEN/ PR E
W T —EMESR. NHEXE, HEEEER R
1.94 ~4.04, ZHEK,

B st ) FH 5 2R e - 398 AT R AR 9 8% 1R 1) B
wAPERT KA AR b, PO,

http: //pedologica. issas. ac. cn



6 1] TEAEE : VTP - S A A i s (B A S i B LR (R 3R

TP (g kg™)
[ | <o4

[ lo4~o06
B 06~038

TN (gkg™)
[ ]<1o0
[ 10~15
B 520
B 20

S0 A & Nitrogen
fertilization rate
(kg hm?)

[ <20 C <100

= [ ]20~35 100~200

B :s5~50 [ 200~300
0 140 280 km

- >5.0 | 1 1 | - >300

&3 VLS LIETN . TP, N/PFIE NG F 4k 23 18] 43 AR

Fig. 3 Spatial distributions of TN, TP, N/P ratio and nitrogen fertilization rate in the soil of Jiangxi Province
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R3 TERFEEMLEN/PHEIEFNHT
Table 3 Regression analysis of N/P ratio with affecting factors
Factor Type of factor R’ Adjusted R’ r
Ji{ + £} Jfi Parent material 38.38 0.026 0.024 <0.01
F ISR Soil type 42 Soil group 52.90 0.019 0.018 <0.01
W2 Soil subgroup 43.04 0.023 0.022 <0.01
1 J& Soil family 32.06 0.032 0.030 <0.01
HEHbF) F )7 X Farmland-use type 62.34 0.022 0.022 <0.01
T AL M )73 Straw returning pattern 2312 0.133 0.130 <0.001
AL Nitrogen fertilization rate 10 215 0.276 0.272 <0.001
F4 AR EFRER TIEN/PHIA S ITHFE
Table 4 Descriptive statistic characteristics of N/P ratio relative to parent material
AR BT B R e /ME e RAH EEIME S bR ERRH I3 A

Parent material Numbers Minimum Maximum Mean SD CV (%) Distribution type
G ERPARR - 2456 0.45 9.93 3.50 1.57 44.86 1EZNormal
TR 3002 0.36 12.80 3.36 1.54 45.83 1E & Normal
AR IEE N7 2425 0.51 13.63 3.19 1.44 45.14 1A Normal
P FA LAY 3 649 0.28 10.97 3.50 1.55 44.29 1E A Normal
AV R R 1010 0.44 11.22 3.27 1.48 45.26 1EA& Normal
At 225 i SR Rk © 2159 0.42 10.23 3.43 1.50 43.73 1F A Normal
T3 E=E A7/ 428 0.53 10.61 3.66 1.77 48.36 1EZA$Normal
FERELRY® 340 0.36 9.26 2.33 1.57 67.38 1E A5 Normal
e 1N 640 0.55 9.16 3.33 1.45 43.54 1EZNormal

(DQuaternary red clay, @Lacustrine sediments, @Red sandstone weathering, @Argillaceous rock weathering, &Quartzite

weathering, ©®Acid crystalline rock weathering substance, (@ Carbonate weathering, @ Loess in lower Shu system, @Purple rock

weathering

ARV R I 7 T A e R0 & A A 25 k. Bt
FIFH 75 26 V104 48 + S9N/ P2S 6] 25 S 5 Wi A
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PIZE7K 5 — 2K A& I . 28 5 R 5t

F44.84% ~ 58.06% 2 8], ¥R N G R R A
Sk

il FF 30 G o0 R S R 5 ) B AL Sk
B, RFEMAYE N SEDRREEIFREA
AEFN 2, DA 4 s B i, o R 1
JES . IWE6RTLIE H, FEFF AL H 58 H 4 1
N/PZS U, F5AF A H B AL H 1+ EN/PHE N
52.28% ~53.11%, X/Z&HN, 1EWREFIN, P&
A—HAESASTEESTHEE, FREEANH
RMEE TR, Wik, 0 HE N E W 4%
N/PEE M fa$he . I A 55 P RN A [ 30 3%
N/PHMEI B FE 2R (p=0.700) . WAEFRZBNE
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Table 5 Descriptive statistics of N/P ratio relative to farmland-use type
BRI 7R BEABC BOME ORI P bR ERREK %R
Farmland-use type Numbers ~ Minimum  Maximum Mean SD CV (%)  Distribution type
—Z5/K H One season paddy fields 3364 0.42 10.43 3.37 1.52 45.10 1E A Normal
W ZE7K I Two season paddy fields 11480 0.28 13.63 3.39 1.52 44.84 IE A& Normal
—Z B b Oneseasondry land 336 0.38 9.93 3.47 1.84 53.03 1EZNormal
WiZ= R Two seasondry land 431 0.36 8.97 2.48 1.44 58.06 1EANormal
K FEfAEWater and dry rotation 498 0.60 12.24 3.47 1.60 46.11 1E A Normal
F*6 AREBEFHILHARNT LIEN/PHREAMLRITFERE
Table 6 Descriptive statistics of N/P ratio relative to straw returningpattern
ik H oy =X FE R /M S UNE S PR B REL DS
Straw returningpattern Numbers ~ Minimum  Maximum Mean SD CV (%) Distribution type
ARHEH No straw return to field 3924 0.28 12.80 2.41 1.28 53.11 1EZ& Normal
H A4 H Turn over to field 9518 0.55 13.63 3.67 1.48 40.33 iE#&Normal
7 2538 M Covering the field 2667 0.78 10.61 3.69 1.52 41.19 1EZNormal

R it FH 3 5 A ) A R R B O B
T EN/PZS [ AF S o RIE it H 2 X VTP 4 1 5EN/P
25 [ AF R (p<0.001, %£3) . HikE
M. FEE RN K, FEN/PHESE

T (£7) . NERREE, ANHHRKT
300 kg hm (728 5F REUR /DN, H42.44%; FHIETEH
H/NF100 kg hm M7 5 RZBUR K, H59.30%;
N 7 R it ] et N/ P L A S

R7 TEIGEHKAE T EN/PH#IR EF T EE
Table 7 Descriptive statistics of N/P ratio relative to nitrogen fertilization rate
AU & . . .
) BEAMC RUME RORE P bREX O BRAM G ES
Nitrogen fertilization rate
) Numbers Minimum Maximum Mean SD CV (%) Distribution type
(kg hm™)
<100 2032 0.45 10.43 2.58 1.53 59.30 IEA&Normal
100 ~ 200 5676 0.28 12.80 3.35 1.56 46.57 1EZ& Normal
200 ~ 300 6 354 0.35 13.63 3.40 1.51 44.41 1IEZ& Normal
>300 2 047 0.36 7.29 3.44 1.46 42.44 1E A Normal

g s BT S Bk R
3 REFF I B 2R U it FH e 2 DR 28 i 9 X
Hiy A+ HEN/P A [E] AR 5 A 52 M KO, X 5 e PR 3 AT
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XGRS R B, R, VP
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HESNUEAR: )-SR VR o) =F A P A= E= P aD/ &=k I EAR
@R T ORI A R U PR R 4
5 A T4 S, AR A AR R, S8t
SENUMRZE BUARE T, B B T W o S
PLARZL R B+ 5N . P4y, Bk, M+
B0 BF 5T IX R HEN/ PRSI A B L B TR i1 5 0
T2 o - S 2R AR T s, B2 WA+
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HEN . PR S BIEN/PRAE S S Y, Hifth 4 A
FH 7 20 An bel b . AR RN R M A5 4 EN/PAR S S B
TR SAHYRVE Y, AL T AR AR P ) 5 %
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FHA R e R 2, S 5 0 VLV 4 Bk EN/P s ]
R ERERE,

3.1 #FEF. TN. TP5HIENPHXER
XIFSE X L IEN/PE HIIE I . TN L TPUEATAH
K Hr, IWERSATLIE L, miES HHEN/PH &
PR, MERBN-0.38, FH] - HEN/PREEFE I
FFEB W, X 5 HABBFSY X B4R 0 3%,
AT, KA TE sk (17 22 7 5] i
HIEN/PES [E] AR 5. HHEN/P S H A M I K 7 A 56
PEA R, HRE P T RETE A WUUE T P K 1A
B SN, [FIEFL 0 1007 fHUE B A2 i DEM
B RS B B, LR A= 04 P A% R B A X 4K
I, Xt 7E — e B B 52 M MR 15 = 3EN/P ) A
Kk, TNAITPS +3EN/PIIAHSE R B0 %) 00.681
-0.665 (p<0.01) , K LIEN/PFEZERITTN
TP,
32 HEHEHAIMELERSEX LIEN/PHEIE
201287044, YL VG VR A 7= 0T U 1%
e (AU AR A 358 1 B B ) S5 BR (9 HLAE 54 748
T A0 H 54 A0 A (o HOZ AR ) k. 201

#8 TENPEHEETF. £8. £HZEMNEXRL

Table 8 Correlation coefficients of N/P ratio with terrain factor, TN and TP

i Wl A 2 \
i e Berm HHES oI AR WA A oy e
River kinetic energy
Elevation slope Aspect Curvature Terrain relief Slope variability TN TP
index
—-0.38%* -0.013 0.007 0.000 -0.012 0.004 -0.007 0.681%** —-0.665%*

#p<0.05; *p<0.01
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Table 9 Farmland ecosystem and soil N/P in other areas

B ARG Ecosystem type HHEN/P Soil N/P SCHik References
ZAb4& I Farmland in Northeast China 7.92 [30]
[E] VT3] 132 Wetland in the estuary of the Minjiang River 4.42 [31]
T E K M R R Achnatherum splendens grassland under enclosure in Qinhai Province 0.10 [32]
P ZET MK Tropical monsoon rainforest 5.65 [33]
7S 3 434 & K Subtropical evergreen broad-leaved forest 8.62 [8]
G HF Alpine transition zone 3.23 [9]
A 5P Temperate steppe zone 2.49 [8]
T 5 L FE B Alpine grassland of the Qinghai-Tibet Plateau 1.59 [7]
9 5 IR FERL WA Alpine vegetation zone of the Qinghai-Tibet Plateau 7.73 [8]
BB VRS R 1 75 -3 Warm deciduous broad-leaved forest zone 2.26 [8]
IRAF LA Temperate desert zone 6.71 [8]
YLV B Cultivated land in Jiangxi Province 3.38 AHFFE This research
4 45 it [T AR E S e (M7 -3 N NN

YT VG5 Bk b 22 )2 1+ 3EN/P 36 B Ay vp 25 72 BE 9 A8
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Spatial Variability of Ecological Stoichiometry of Soil Nitrogen and Phosphorus
in Farmlands of Jiangxi Province and Its Influencing Factors

JIANG Yefeng" > YE Yingcong® GUO Xi"**" RAO Lei"”* SUN Kai"*> LI Weifeng" *
(1 Academy of Land Resource and Environment, Jiangxi Agricultural University, Nanchang 330045, China)

(2 Key Laboratory of Poyang Lake Watershed Agricultural Resources and Ecology of Jiangxi Province, Nanchang 330045, China)

Abstract [ Objective] Nitrogen ( N ) and Phosphorus ( P ) are two essential mineral nutrients for
plant growth, and important parts of organic nutrient and soil fertility. As two restrictive elements in the
terrestrial ecosystem, they play important roles in growth and development of plants, community composition
of the vegetation and structure and function of the ecosystem as well. As ecosystems vary in soil microbial
activity, they do in recycling and transformation of soil N and P and in decomposition and accumulation
rateof organic matter, thus leading to significant variation of the ecological stoichiometry of soil N/P.
Therefore, the study on spatial variability of the ecological stoichiometry of soil N/P and its influencing
factors in the terrestrial ecosystemat a provincial scale is the fundamental basis of the study on changes
in trophic structure, population succession and chemical elements recycling in the terrestrial ecosystem.

[ Method) Based on the data of the 16 582 soil samples collected in the topsoil layer (0 ~20 e¢m ) of the
farmlands during implementation of the project of soil-test-based formulated fertilization in Jiangxi Province
in 2012, values were assigned to the qualitative factors, i.e. parent material, soil type, farmland-use
type, straw incorporation pattern and nitrogen fertilization ( divided into 4 levels ) , and one-way variance
analysis, ordinary kriging analysis and regression analysis were done of the data to quantify the ability
of each factortoexplainspatial variability of the ecological stoichiometry of soil N/P ratio independently.

[Result] Results show as follows: (DThe soil N/P ratio in the topsoil layer ranged from 0.28 to 13.63,
with an average of 3.38, which indicates that the soil N/P in the cultivated land ecosystem of Jiangxi Province
is at the level of medium on the lower side, and that the biological nitrogen fixation rate in the cultivated
land ecosystem is at a quite high level. The coefficient of variation was 45.56%, indicating that soil N/P is
moderate in variability. The nuggest/sill ratio was 60.54%, indicating that soil N and P is weak in spatial
dependence, varying between structural factor and stochastic factor, and the latter played a more important
role in spatial variability of soil N/P ratio. @Soil N/P ratiowas significantly related to elevation (p <0.01,
r=-0.38) , TN (p<0.01, r=0.681) and TP (p<0.01, r=-0.665) , suggesting that elevation is a major
factor affecting spatial distribution of soil N/P and that soil N/P depends mainly on TN and TP contents.3The
spatial distribution of soil N/P ratioappeared to be quite smooth relatively, with high values over in Wuyuanof
Shangrao, Jinxianof Nanchang, Xiangdong and Lianhuaof Pingxiang, Fenyiof Xinyu, Lichuanof Fuzhou and
Dingnanof Ganzhou. @The five factors, parent material, soil type, farmland-use type, straw incorporation
pattern and nitrogen fertilization rate, all had significant impacts on spatial variability of soil N/P ratio ( p

<0.01) , but varied in degree. Parent materialexplained 2.4% of the variability; type, sub-type and genus
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of the soil did 1.8%, 2.2% and 3.0%, respectively; farmland-use type did 2.2%; straw incorporation pattern
did 13.0%; and N fertilization rate did 27.2%. [Conclusion)] The factor of N fertilization rate is far more
capable of explaining independently spatial variability ofthe soil N/P ratio than the other factors, indicating
that it is the main factor determining soil N/P ratio in the topsoil layer of Jiangxi Province. Therefore, in
order to improve the ability of the farmland ecosystem to fix nitrogen biologically and sequestrate nitrogen,
here are two suggestions. One is to devote more efforts to improving farmers’ knowledge about the use of
chemical fertilizers, especially Nitrogen fertilizer, through propaganda and related technical training,
vigorously extrapolating the soil-test-based formulated fertilization technology and stimulating farmers to
rationalize fertilizer usage. And the other is to raise subsidies and implement preferential policies for use of
organic manure and accelerate development of the green manure industry coupled with the extension of straw
incorporation.

Key words Jiangxi Province; Soil N/P ratio; Ecological stoichiometry; Spatial variability; Nitrogen

fertilization rate
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