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Responses of Soil Nutrients to Land Use Changes from Rice Production to Vegetable Cultivation or Viticulture:

A Case Study in Fuyang City, Zhejiang Province
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(1.Key Laboratory of Soil Environment and Pollution Remediation, Chinese Academy of Sciences, Nanjing 210008, China; 2.University of
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264003, China)

Abstract: Changes in land use may alter soil microbial, chemical and physical properties, thus influencing soil nutrients. Soil nutrient
changes were investigated after changing paddy rice to asparagus production, to vineyards, or to field mustard cultivation in Fuyang city,

Zhejiang province. Changing from paddy rice to asparagus production increased total organic C, total N, total P, total K, NO5 =N, Bray-P,

and NH,O0Ac-K) in surface soils(P<0.05), with an exception of NH;=N. Total N, total K, and NO;-N were also found to increase in sub—
surface soil layer. Similar nutrient changes were observed in other two types of land use changes, but with greater changes found in ex—
tractable than in total nutrients. Nutrient responses to land use changes were different among different use types. The greatest increases in
total N and total K was found in asparagus production, NH,0Ac extractable K in viticulture and NO; =N in field mustard. The results suggest
that land use changes from paddy rice to cash crops might cause agricultural pollution via nutrient leaching, and suitable planning is neces—
sary to maintain agricultural sustainability.
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Table 1 pH and nutrient concentrations in surface soils with different types and duration of land use change
- - P ) e Py R Y
B o S P S o St S S Bt
Rk 3t XFRE 1 5.2+0.01b 15.0+0.4c  1.21+0.02¢ 1.26+0.51d 6.38+0.0lc  8.86+£0.94¢c 5.60+0.35a  10.0£1.2¢  47.3+5.2d
8 6.3+0.19a 14.8£0.3¢c  1.38+0.03b 2.46+0.29¢ 9.16+0.48a 94.2+19.7b 4.96+0.98a  498+82b 430+24c¢
13 4.8+0.23b 18.7+0.3a  1.60+0.05a 2.94+0.09bc 7.70£0.13b  33.0+3.9¢  21.2+8.0a  632+33ab 489+0b
23 54+030b  16.6£0.0b  1.72+0.05a 3.61+0.21ab 9.61+0.02a  302+12a 11.6+6.0a 739+75a 622+36a
% el X HE 2 5.4+0.12a 17.4£04a  1.43+0.02a 0.78+0.01b  11.1+£0.1a  23.9%1.2a 12.9+3.1a  8.50+0.36b 108+5b
10 5.0£0.21a 14.6£0.8a  1.30+0.00a 1.72+0.06a 9.57+0.00b  16.0+0.9b  8.73+1.11b 277+28a 372+20a
22 4.6+0.23a 14.3+1.6a  1.03+0.07b 1.95+0.21a  10.7+0.3a  3.33:0.84c 5.67+0.67b  405+80a 135+28b
Pie i X HE 3 6.3+0.04a  25.1+0.9a  2.19+0.08a 0.76+£0.01b  9.96+0.01b  2.30+0.46b 3.13+0.67a 2.33+0.20b  68.3+3.9a
14 5.74+0.20a  19.7x0.4b  2.21+0.06a 2.23+0.12a  10.8+0.0a 155b+7a  6.47+1.39a  470+60a 165+46a
R2 KEHEMABREAEFMEERTLERSEENF TS (g kg)
Table 2 Soil total N, P and K at different depths in the top 100 c¢m of the soil profile after different duration of conversion
from paddy rice to asparagus production(g-kg™)
FhAEAEPR/a 0~20 c¢m 20~40 ¢cm 40~60 cm 60~80 c¢cm 80~100 em
o) YRR 1 1.05+ 0.02¢ 0.58+0.03b 0.53+0.01b 0.54+0.01ab 0.56+0.03ab
8 1.48+0.04b 0.67+0.04b 0.57+0.04ab 0.48+0.01b 0.43+0.01b
13 1.74+0.05a 0.85+0.03a 0.60+0.01ab 0.57+0.03a 0.68+0.07a
23 1.79+0.05a 0.83+0.04a 0.64+0.04a 0.57+0.02a 0.56+0.03ab
21 X1 1.00£0.12¢ 0.74£0.22a 0.47+0.01b 0.48+0.01a 0.48+0.02b
8 2.60+0.41h 0.61+0.06a 0.51+0.03ab 0.52+0.03a 0.52+0.02ab
13 3.19+0.05ab 0.94£0.12a 0.55+0.03ab 0.53+0.03a 0.58+0.03a
23 3.85+0.33a 0.95+0.14a 0.62+0.05a 0.51+0.02a 0.51+0.02ab
gl X1 6.93+0.13h 7.1920.23b 7.1920.03h 7.31£0.15b 6.66+0.14h
8 9.55+0.58a 9.40+0.46a 9.56x0.21a 9.15+0.23a 9.18+0.63a
13 8.29+0.15ab 8.11+0.34ab 7.84+0.25ab 8.25+0.13ab 8.49+0.26abh
23 9.22+1.07a 8.43+0.40ab 9.22+1.06ab 8.92+0.81a 9.36+0.93a
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Table 3 Soil total N, P and K at different depths in the top 100 e¢m of the soil profile after conversion from paddy rice to

viticulture or field mustard production(g-kg™)

Ei e Sl A PR /a 0~20 c¢m 20~40 c¢m 40~60 ¢m 60~80 cm 80~100 c¢m
waE 2R XA 2 1.1620.03a 0.58+0.01a 0.53+0.01b 0.49+0.01b 0.51+0.00a
22 1.24+0.05a 0.62+0.03a 0.60+0.00a 0.60+0.01a 0.55+0.02a
ATl X g 2 1.01+0.25b 0.49+0.02a 0.51+0.02a 0.50+0.02a 0.48+0.00a
22 2.4620.10a 0.90+0.17a 0.59+0.04a 0.55+0.01a 0.54+0.03a
il X 2 9.70+0.25a 9.1740.21a 10.2+0.15a 9.99+0.31a 10.0+0.2a
22 9.58+1.00a 10.3+0.7a 11.3+0.6a 11.3+0.9a 11.0+0.9a
Pi S ) X 3 2.13+0.13a 0.93+0.12a 0.69+0.04a 0.54+0.02a 0.61+0.05a
14 1.99+0.05a 0.68+0.06a 0.47+0.03a 0.43+0.01b 0.43+0.03b
0 R 3 0.79+0.02b 0.68+0.03a 0.71£0.02a 0.77£0.02a 0.39+0.19a
14 1.80+0.02a 0.64+0.06a 0.64+0.01a 0.63+0.05a 0.59+0.02a
R X 3 9.70+0.13a 9.94+0.01a 10.4+0.2a 9.46+0.96a 9.85+0.97a
14 10.6+0.1a 9.85+0.14a 9.96+0.22a 9.72+0.34a 9.60+0.45a
AR /mg kg AR Img kg
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Figure 2 Soil extractable nutrients at different depths in the top 100 cm of the soil profile after different duration of conversion

from paddy rice to asparagus production
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Figure 3 Soil extractable nutrients at different depths in the top 100 cm of the soil profile after different duration of conversion
from paddy rice to viticulture
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Figure 4 Soil extractable nutrients at different depths in the top 100 ecm of the soil profile after different duration of conversion

from paddy rice to field mustard production



2212

YR S it Y 5 3255 111

HrA ARG IREOR

ST, A RUFI A TR ORI M 995 Vi B2 43 e
2 TE R TR A e, S RT3
oo BRI AR BIAE R Z L3 MRS 2 LA
LA JEE (A3 i DU ] B 252 3] R =

3 e

KA AR AL 2 BRI S 1R T L IRRIZ T =
TR 2 IR U B3 T, X5 A ST ER AN
SABIP, A AR R TR Y T B ARD, A A
Hh SR TR A LR MR J3E A T K T A 2 Bl 5 4t X
— AT A R S N, SRR O S A
AR FEAZAR 7K A LR BE AR, R M7 A 22 + 3
HHIT7 A 2 b B AT TR B R A5t P 5 25 2R A
FATHE A MU , AT S BCA HLaRR FE ) Tt 3
2R AW A ALK FH R 55 3 8 25
&, SR B RO MR B 25 F T, 2 R - 7 it
A UL i ZEAE_E SO FHCHLA W IS, R
IS A g S L PR AR RN, i R R IR Y
CEETME” . T8, HIRRIZAHAS R ALK R
J S RIT SR #R MR R, 23 477 S+ 3R R
A R My fie e, 1K 302 mg-kg™ o AHFTEERW], 4
IR S R AL 200 mg ke IR & XHVE) R
TR ARG E, —Hlid 300 mg-keg AW 8
F0 A BB, ]I S R AN R A B9 3o B R AR 2 )
R K A R, I ELE i S B A A
R AR T, R RS R MR BE A 2
H A BT, A S L M) R 28 DAy i 2 el s %
FEAR, AIREIE D N B RA S KRS B 7 A
JCie R R i 2 i =i i HG - S BB OCRCAT e oK
U T AR M TSR FAL

SR, ek S T ) 5 20 B2 -5 T TIEA
OB T 1, 55 1) 2 A/ R FH 3 7 A X — T A 2
o HRIZFRDENAFRHA, HE 0~20
em 2R RN AIR Y B E NN, H B
SELEF TR = R 3, W] 5 s IR AR B
TR, M HE LI R R, R IR= IR R
o FRAE RN AL, 3 B Lt )y AR AR S L
TAT2% 2 A AS RN o 3K — Ty s Ry 2 A
RIS, 7 — 7 T AT BEE DR DAy s i b 1 2 el 2 o
GEAK B2 | WA S RS 53 B L SRR AR I BT, 2 B
K3 RS H A T TR R 2 1 AR, 3 o Ay L i )
7 22N T AR I 0~20 em 4 )2 1A 34

W EBAE T 2 A S A v HE B A L K
SEAH LA S R 22 M8 N o BB ARWAE 3P RS
Btk ARAWT ST K BN L rh Bk B 5 s AT A AT
REM P, 4RI LU RE 25T 4%, LA
10 SR T RS SR R . SRS R AL AL
A, LR D7 X AR A TR R 5 AL T A8 A 1
AT P R, 156 P 2R [ AR A7 AR 3 IR TR A, i e i)
AR SIS R, Qi S £ B 1 1 [
SE , AT ] BRI PR AR O R AR 5 27

4 g

JKAE H M AR 225 VR , DR R BE it FH #48 n
SFNRAGRE , e R IR U R
IR ESRMAT X IR A R LIERE
AR L 2 L B A TR
BV 7K e P A e Al 22 B VR 0 ) BE T A Il 1
WIEYe, 55 IR MR M S BUK M E B IR

S 3Lk

[1] Shi Z, Wang R C, Huang M X. Detection of coastal saline land use with
multi—temporal land sat images in Shangyu City, China[J]. Environ—
mental Management, 2002, 30(1) :142-150.

[2] Fu B J, Guo X D, Chen L D, et al. Soil nutrient changes due to land use
changes in Northern China:A case study in Zunhua County, Hebei
Province[J]. Soil Use and Management, 2001, 17 :294-296.

[3] Voundi Nkana J C, Tonye J. Assessment of certain soil properties related
to different land—use systems in the kaya watershed of the humid forest
zone of Cameroon|]J]. Land Degradation & Development, 2003, 14.57-
67.

[4] Grigal D E, Ohmann L F. Carbon storage in upland forests of the Lake
States|J]. Soil Science Society of America Journal, 1992, 56:935-943.

[5] Bolin B, Sukumar R. Global perspective[M]//Land Use, Land Use
Change, and Forest. Cambridge, UK:Cambridge University Press,
2000.

[6] Halvorson A D, Reule C A, Anderson R L. Evaluation of management
practices for converting grass land back to crop—land|[J]. Soil and Water
Conservation, 2000, 55:57-62.

[7] Lepsch 1 F, Menk J R F, Oliveira J B. Carbon storage and other proper—
ties of soils under agriculture and natural vegetation in Sao Paulo State,
Brazil[]]. Soil Use and Management, 1994, 10:34-42.

|8] Kennedy A C, Papendick R I. Microbial characteristics of soil quality[J].
Soil and Water Conservation, 1995, 50:243-247.

[9] Fu B, Ma K, Zhou H, et al. The effect of land use structure on the distri—
bution of soil nutrients in the hilly area of the loess plateau, ChinalJ].
Chinese Science Bulletin, 1999, 44 .732-736.

[10] Hontoria C, Rodriguez—Murillo J C, Saa A. Relationships between soil
organic carbon and site characteristics in Peninsular Spain[J]. Soil Sci—
ence Society of America Journal, 1999, 63:614-621.

[L1] QA A, P AR, w2 e, 55 WA HBCH XEY AR e 437 55



WA KRR A O R X RS 1 R —— DAL B A 41 2213

USR] T Al R, 2007, 40 1198-1205.

Zeng X B, Sun N, Gao J S, et al. Effects of cropping system change for
paddy field with double harvest rice on the crops growth and soil nutri—
ent[]]. Scientia A gricultura Sincia, 2007, 40:1198-1205.

[12] Van der Putten W H, Mortimer S R, Hedlund K, et al. Plant species di—
versity as a driver of early succession in abandoned fields: A multi-site
approach(J]. Oecologia, 2000, 124:91-99.

[13] Kong X B, Zhang F R, Wei Q, et al. Influence of land use change on
soil nutrients in an intensive agricultural region of North China[J]. Soil
& Tillage Research, 2006, 88 : 85-94.

[14] Houghton R A, Skole D L, Nobre C A, et al. Annual fluxes of carbon
from deforestation and regrowth in the Brazilian Amazon[J]. Nature,
2000, 403 :301-304.

[15] Priess J A, Konin, D, Veldkamp A. Assessment of interactions between
land use change and carbon and nutrient fluxes in Ecuador{]J]. A gricul—
ture, Ecosystems & Environment, 2001, 85:269-279.

[16] Hedlund K, Santa Regina I, van der Putten W H, et al. Plant species
diversity, plant biomass and responses of the soil community on aban—
doned land across Europe:Idiosyncracy or above —belowground time
lags[J]. Oikos, 2003, 103(1):45-58.

[17] Caravaca F, Masciandaro G, Ceccanti B. Land use in relation to soil
chemical and biochemical properties in a semiarid Mediterranean envi—
ronment|J]. Soil & Tillage Research, 2002, 68:23-30.

[18] Kimura M, Salam A K. Effects of land—use system and land—use
change on soil enzymatic activities|J]. Innovative Soil—Plant Systems
for Sustainable A gricultural Practices, 2003, 155-158.

[19] Salazar S, Sanchez L E, Alvarez ], et al. Correlation among soil enzyme
activities under different forest system management practices|J]. Eco—
logical Engineering, 2011, 37, 1123-1131.

[20] Wang H J, Li X W, Shi X Z, et al. Distribution of soil nutrient under
different land use and relationship between soil nutrient and soil gran—
ule composition[J]. Journal of Soil Water Conservation, 2003, 17 : 44—
50.

[21] Heenan D P, Chan K Y, Knight P G. Long—term impact of rotation,
tillage and stubble management on the loss of soil organic carbon and
nitrogen from a Chromic Luviso[J]. Soil & Tillage Research, 2004, 76
59-68.

[22] Su Y Z, Zhao H L, Zhang T H, et al. Soil properties following cultiva—
tion and non—grazing of a semi—arid sandy grassland in Northern China
[J1. Soil & Tillage Research, 2004, 75:27-36.

[23] Doran ] W. Soil health and global sustainability : Translating science
into practice[]]. Agriculture, Ecosystems and Environment, 2002, 88
119-127.

[24] Gong J, Chen L, Fu B, et al. Effect of land use on soil nutrients in the
loess hilly area of the loess plateau, ChinalJ]. Land Degradation & De—
velopment, 2006, 17 :453-465.

[25] Wb o, M, WEEAR, A 220 IR X R AR A X ek
BRI LIVLIRA BT )] F SR BE~A4iR. 2005, 20:44-51.
Gao Z G, Peng B Z, Yu ] H, et al. Effect of land use changes on soil
conditions in the developed areas:A case of Kunshan in Jiangsu
ProvincelJ]. Journal of Natural Resources, 2005, 20:44-51.

[26] St B, BRAITI, 4% B, S5 AR AR RIS HE O fL ek
BEDK LR 03 4 Tl A1 B2 R[], Al FREEREF2 412, 2006,

25(2):377-381.

ZHANG Xin-yu, CHEN Li-ding, LI Qi, et al. Effects of agricultural
land—use on soil nutrients and the vertical distributions in traditional
cultivated region, Northern ChinalJ]. Journal of Agro—Environment
Science, 2006, 25(2):377-381.

[27] & . R A2 BT 7 LI AL AT o AR R,
2000.

Lu R K. Analytical methods for soil and agrochemistry[M]. Beijing: A—
gricultural Science and Technology Press, 2000.

[28] Lumbanraja J, Syam T, Nishide H, et al. Deterioration of soil fertility by
land use changes in south Sumatra, Indonesia: From 1970 to 1990]J].
Hydrological Processes, 1998, 12:2003-2013.

[29] Rhoades C C, Eckert G E, Coleman D C. Soil carbon differences among
forest, agriculture, and secondary vegetation in lower montane Ecuador
[J]. Ecological Applications, 2000, 10:497-505.

[30] Liu S L, Fu B J, Lv Y H, et al. Effects of reforestation and deforestation
on soil properties in humid mountainous areas: A case study in Wolong
Nature Reserve, Sichuan Province, ChinalJ]. Soil Use and Management,
2002, 18:376-380.

[31] Templer P H, Groffman P M, Flecker A S, et al. Land use change and
soil nutrient transformations in the Los Haitises region of the Domini-
can Republic[]]. Soil Biology & Biochemistry, 2005, 37:215-225.

[32] Sk AL, RN, BR R S VL= A P TR DX R OGS -3

FHIAE PR B LU B i A B[], LAl 2007, 44
612-619.
Han S C, Pu L J, Chen F, et al. Responses of soil properties to change
in land use in a typical area of the Yangtze River Delta: A case study of
Xishan City, Jiangsu Province, ChinalJ]. Acta Pedologica Sinica, 2007,
44.612-619.

[33] Murage E W, Karanja N K, Smithson P C, et al. Diagnostic indicators of
soil quality in productive and non—productive smallholders’ fields of
Kenya's Central High—lands|J]. Agriculture Ecosystems & Environment,
2000, 79:1-8.

[34] Bk, Bk, T8, 55 FZAC AR Ok a3 1 L IgeAE )
B A EAL D). AE IR SRR, 2003, 9:19-25.

Huang J F, Cao Z H, Li A F, et al. Soil fertility quality evolution after
land use change from rice —wheat rotation to plastic film covered veg—
etable[]]. Plant Nutrition and Fertilizing Science, 2003, 9:19-25.

[35] WhArite, MR, BRI R, 45, Rl i g 3 b L S 25 UK BLAE 5
[J]. A SRS, 2005, 14.220-223.

Yao C X, Chen Z L, Lu L M, et al. Nitric nitrogen in soils of vegetable
garden in Shanghai City[J]. Ecology and Environment, 2005, 14:220-
223.

[36] XJRHE, VLENAE, SKICH, 55, 2 B STE B8 3 LT i 43
At A% SR TEL ). AW FREERLF 74l 2006, 25:537-542.

Liu Z H, Jiang L H, Zhang W J, et al. N, P, K Distributions and move—
ment in soils for greenhouse and outdoor field[]]. Journal of Agro—En—
vironment Science, 2006, 25 :537-542.

[37] & fnd. L3 — A E IR ISR NE M. JE 5T« A2 Tl R
*t, 1998.

Lu R K. Plant nutrition principle and fertilization[M]. Beijing: Chemi—
cal Industry Press, 1998.



