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Abgract
Plant essential and toxic microelement statusin soil and crops can be affected by long-term fertilization practices. The main objective of this paper
was to investigate the change of micronutrients and Cd in soil and brown rice after 17-yr cropping and fertilization treatments in Southeast China.
The long-term fertilization experiment included treatments with different combinations of N, P, K and pig manure with or without straw
incorporated. Soil pH, organic matter, available N, P, K and the contents of Cu, Zn, Fe, Mn and Cd in soil and brown rice were determined. Balanced
chemical fertilizers (N, P, K) with the application of manure and incorporation of straw resulted in high available soil N, P, K, which produced
highest yield of rice grain among the treatments. Manure application increased total Cu, Znand Cd by 13-23, 5-8 and 138-162% and soil available
Cu, Zn and Cd by 89-123, 61-71% and 212-225%, respectively, compared with their initial status. However, no such difference was observed for
total soil Feand Mn contents after 33 rice seasons. The Cu, Zn, Fe, Mn and Cd contentsin brown rice were significantly affected by different long-
term fertilization practices. The Cd contentsin brown ricein three manure-applied treatmentswere 3 times (0.26-0.28 mg kg?) ashigh asthat (0.08
mg kg'l) in the control trestment, suggesting |ong-term application of pig manurefrom intensivelivestock farmscould result in Cd contents exceeding
theupper limit of thecriteria (> 0.2 mgkg?, National Standard for Food Hygiene). Attention should be paid to potential soil Cd contamination caused

by long-term application of pig manure containing heavy metals.
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Introduction

Rice (Oryza sativa L.) is the most predominant crop in Jiangxi

Province, China. The soil fertility inthisregionisfairly poor with
low pH, low soil organic matter (OM) and low available Pand K
levels, largely astheresult of local climate and soil parent material.
Therefore, reasonable application of fertilizer is necessary for

optimum yield. Previous studies have shown that application of
farmyard manure or incorporation of straw into thefield improved
rice grain yield ¥, However, only a small amount of straw was
directly incorporated into soil in Jiangxi Province because of very
short turnaround time before the next crop is established and the
lack of proper straw placement method which allowsrice seedlings
to grow normally in straw incorporated paddy fields.

In order to obtain asustainable highyield, application of required
micronutrientswith balanced NPK fertilizer isrequired *%, whereas
long-term application of chemical fertilizers causesdeficiency in
soil micronutrients”. Usually, soil receives micronutrients from
atmospheric deposition, irrigation water, and phosphate rock
fertilizer and farmyard manure #%. However, phosphate rock
fertilizer often contains some essential and toxic microelements
suchasCu, Zn, Fe, Mn, Pb and Cd 2. On the other hand, farmyard

manures, especially poultry manure from concentrated feeding
operations contains heavy metals such as Co, Cu, Fe, Mn, Zn
and Cd, and As and Se, which are supplied in feeds for growth
stimulation and disease prevention >4, High contents of heavy
metal sin poultry waste-amended soil could cause environmental
concerns as a result of potential contamination of surface and
groundwater viarunoff and leaching. Therefore, soilsreceiving
repeated applications of poultry litter for several years have
exhibited high content of extractable Cu and Zn 7. Moore et
al.®® aso found that heavy metal contentsin runoff from poultry-
waste amended soils increased as the litter application rate
increased. Therefore, the objectives of this study were to
investigate the changes of essential micronutrients and toxic
elementsin soil and in brown ricedueto 17 yearsof fertilization
and cropping.

Materialsand M ethods
Sudy site: The samplesused in this study were collected from the
Ecological Experimental Station of Red Soil, ChineseAcademy of
Sciences, located at Yingtan, Jiangxi Province, China (28°15'N,
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116°55'E). Theregion hasatypical subtropical monsoon climate
with an annual precipitation of 1795 mm, annual evaporation of
1318 mm and amean annual temperatureof 17.6°C. Early rice- late
rice- fallow rotationisapopular practicein thisregion. After the
late rice is harvested, paddy field is usually fallowed without

floodwater layer from November to April. The tested soil was
classified as a Haplic Stangnic Anthrosol and derived from

quaternary red clay.

Fertilization treatment and samplecollection: Eight treatments
included acontrol with nofertilizer (CK), no chemical fertilizer but
application of pigmanureand all straw returned to thefield (SM),
fertilizer N (N), fertilizer N pluspig manurewith all straw returnto
field (NSM), fertilizer NP (NP), fertilizer NK (NK), fertilizer NPK
(NPK), fertilizer NPK pluspig manureand all straw returntofield
(NPKSM). They werelaid out in arandomized block design with
threereplications. Thesize of each plotwas5mx 6 m.

Theamounts of N, Pand K applied for every season crop were
230, 29.7 and 69.7 kg ha?l, respectively. All phosphorus
(superphosphate), potassium (potassium chloride) and pig manure
were applied as basal fertilizers whereas fertilizer N (urea) was
added in two splitsasboth the basal and supplementary fertilizer.
Pig manure was applied at the rate of 833.3 kg ha (dry weight)
containing N, Pand K 22.6, 12.6 and 6.2 g kg, respectively.
Average contents of Cu, Zn, Fe, Mn and Cd in straw,
superphosphate, pig manure, potassium chloride and ureaapplied
inthisexperiment in 1989-2006 are shownin Table 1.

Rice (Oryza sativa L.) in this study was transplanted in April
and harvested in July. Ricegrain weredried in an electric oven at
60°Cfor 2 days, husked with JLGJ-45 Rice Hulling Machine (made
in Taizhou, China) and ground through a 60 mesh sieve for the
analysis of microelements. All plant samples for analysis were
placed in plastic bottles. Soil samples(0-15 cm) wereair-dried and
ground to pass through a 10 mesh sieve for analysis of soil pH,
soil OM, available soil N, Pand K and Cu, Zn, Fe, Mn and Cd.
Part of each soil sample (< 10 mesh) was ground to pass through
a100 mesh sievefor analysisof soil total Cu, Zn, Fe, Mnand Cd.

Chemical analysis: Soil pH wasmeasuredinal:2.5 soil to water
suspension with acombination glass el ectrode °. Available N, P
and K were determined by extracting 5.0 g soil with50ml 2M KCl,
100ml 0.5M NaHCO, and 50 ml 1.0 M NH,OAc, respectively .
Soil organic matter content was determined by the Walkley-Black
method 2.

Available soil Cu, Zn, Fe, Mn, Pb and Cd were extracted by 0.1
M HCI 2223, After 2 h continuous shaking at 25°C, the soil solution
was centrifuged and filtered through a 0.45 um membrane to
analyzeavailable soil Cu, Zn, Fe, Mnand Cd contents. A portion
of 0.5 g soil was digested with HCIO,-HNO,-HF for analysis of
soil Cu, Zn, Fe, Mn, Pb and Cd. The concentrations of Cu, Zn, Fe

and Mnintheextracts or digests were analyzed by flame atomic
absorption spectroscopy (FASS). Cd was determined using
graphic furnace atomic spectroscopy (GFAAYS).

All glass wares were soaked in detergent solution at first and
then in 10% HNO, (v/v) for 24 h. They were cleaned with de-
ionized water. All reagents used for micronutrientsin this study
were of reagents grade. Standard soil reference materials
(GBWO07401, GBW07402) and plant referencemateria s(GBW10010,
GBW10015) from the Institute of Geophysical and Geochemical
Exploration, ChineseAcademy of Geological Sciences, werecarried
through the digestion and analyses as a part of the quality
assurance—quality control protocol.

Satigtical analysis: The datawere subjected to one-way ANOVA
using SPSS (Statistic Program for Social Sciences) software
package (Version 11.5) (Statistical Graphics Corp., Princeton, NJ).
Means and standard errors were calculated for three replicates.
Means were compared by the Duncan’s multiple range test at a
significancelevel of 0.05. The sameletter inacolumninthetables
represents no significant difference among the treatments.

Resultsand Discussion
Yield of ricegrain and straw: Yieldsof ricegrainand straw in the
final year of the study were strongly affected by different
fertilization treatments, asshowninFig. 1. Theyieldsof ricegrain
inthetreatments CK, SM, N and NK werelower than thosein the
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Figurel. Ricegrain and straw yieldsin 2006 among different
long-term fertilization treatments (CK no fertilizer; N
application of N alone; NK application of N and K; SM
incorporation of straw and application of pig manure; NSM
application of N, pig manure and incorporation of straw; NP
application of N and P; NPK application of N, P and K
fertilizer; NPKSM application of N, P, K fertilizer, pig manure,
and incorporation of straw). Histograms with the same | etter
are not statisticaly different at P = 0.05 by the Duncan’s
multiplerangetest.

Table 1. Theaverage contents of Cu, Zn, Fe, Mn and Cd in different types of fertilizers

applied during 1989-2006.

Cu Zn Fe Mn Cd

mg kg'! mg kg'! mg kg'! mg kg'! mg kg'!
Straw 3.73 49.6 225 467 0.97
Superphosphate 24.6 78.1 9070 949 0.20
Pig manure 502 563 1416 367 4.65
Potassium chloride 1.71 0.75 16.9 0.20 0.01
Urea 0.23 0.21 0.43 0.02 0.02
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NP, NMS, NPK and NPKM Streatmentsin 2006, and the order of
averageyield of ricegrain wasNPK SM>NPK > NP> NSM> SM>
NK>N> CK. The highest crop yield was obtained when inorganic
fertilizersNPK and pig manurewere applied together with al straw
returned to the field (NPKSM). Thisis consistent with previous
results, in which a better yield was obtained when inorganic
fertilizers and manure were both applied together 2%, It ismost
likely that themanuresimproved soil physical properties® % and
provided a stable supply of both macro- and micronutrients %,

Thelowest yield wasrecorded for thetreatment with no fertilizer
(CK). Applying N or NK only produced lower yields than other
fertilized treatments because the available soil Pwasclassified as
very low (< 0.6 mgkg?) at the study site. The NP treatment without
the application of K resulted in lower yields than the NPK
treatment, indicating that application of K fertilizer was
necessitated at this location. The yields of straw (Fig.1)
demonstrated similar trends to the grain yields, suggesting the
biomass of straw is correlated with grain production.

Changesof soil propertiesafter 17-yr croppingandfertilizations:
Compared with the initial soil pH, a decline in soil pH in all

treatments was observed after 17 cropping and fertilization

treatments (Table 2). This is likely due to serious acid rain in
southern China?® or long-term application of chemical fertilizers®
and crop production.

Ontheother hand therewasadramatic increasein soil OM from
theinitia level of 5.70 t013.1-17.2 gkg! inthefina year. Especialy
for the SM, NSM and NPK SM treatments, marked increasein soil
OM occurred over the CK due to the application of pig manure
and incorporation of straw to thefield. Thisisin agreement with
other researchers who found application of animal manure
significantly increased soil OM 3.

Available N contentsin the CK and N treatments were lower
thantheir initial levels, showing no fertilization or application of N
alonedecreased available soil N. N fertilizer combined with Pand
K fertilizer and organic manure could maintain or improve soil
available N, especially for the NPKMS treatment, showing
application of organic manure played an important role in
enhancing soil fertility.

Available Pcontentsdecreased from initial 5.60t00.28-4.31 mg
kgtinal treatmentsin thefinal year. Thisshowed that atrend of
significant decrease was observed due to long-term cropping
irrespective of fertilization treatments. According to Lu et al.”,
available P content was at very low levels; thus application of P

would dramatically enhance crop yield. However, itisunclear why
soil test P was not increased when inorganic and organic P
fertilizerswereapplied.

AvailableK contentsinthe CK and N treatmentswere unchanged,
but that of the NK treatment was significantly increased while
those of the rest of the treatments were significantly decreased
over theinitial available K contents. According to suggestion by
Hu and Zhou *, available K contentsin the NSM, NP and NPK
treatments were classified as low levels or deficient, and for the
other treatments enough available K contentsexisted to meet the
demand for rice growth.

Essential soil micronutrientsand toxic elements: Thetota soil
Cu contents at the start of thisexperiment were significantly higher
thanthoseinthe CK, N, NK, NPand NPK treatmentsin thefina
year but were lower than those in the SM, NSM and NPKSM
treatmentsin thefinal year (Table 3). A decreasein total soil Cu
contentsinthe CK, N, NK, NPand NPK treatmentsover the study
period was because theinput of Cu from chemical fertilizerswas
lower than the outputs by rice harvest. In contrast, a significant
increasein total soil Cu contentsin the SM, NSM and NPKSM
treatmentsin the final year was probably due to the pig manure
applied in this experiment containing Cu (Table 1) and to the
incorporation of straw to thefield returning most of the Cutaken
up by thericetothefield (Table 1). Both manure application and
straw returning not only slowed down the depletion of soil Cu
pool but also served as an additional Cu source.

Similar tototal soil Cu contents, anoticeablereductionintotal
soil Zn contentsinthe CK, N, NK, NPand NPK treatmentsinthe
final year occurred over the initial Zn content. However, a
significant increaseintotal soil Zn contentsinthe SM, NSM and
NPKSM treatmentsin thefinal year was observed, compared with
their initial total soil Zn content. A significant decrease in total
soil Zn contentsin the CK, N, NK, NP and NPK treatments was
possibly because inputs of Zn viachemical fertilizers was lower
than outputs by crop removal in harvest. In contrast, pig manure
and straw contained Zn 563 and 49.6 mg kg, respectively (Tablel),
which helped to maintain or increase total soil Zn contents.

The total soil Cd contents in the CK, N, NK, NP and NPK
treatmentsin thefinal year did not show asignificant difference
from those of thefirst year. However, total soil Cd contentinthe
SM, NSM and NPKSM treatments in the final year increased
by 108, 115 and 115%, respectively, compared with their initial
levels. A dlight change between the CK, N, NK, NP and NPK

Table2. Soil pH, OM content and plant available N, Pand K from samples collected from along-term

fertilization experiment (1989-2006).

pH OM Available N Available P Available K
Treatment ] B
(I mol I KCI) gkg (mgkg ")

Initial status | 4.50c? 5.70d 90.2b 5.60a 106b
CK 4.01ab 13.1¢c 63.4c 0.56f 109b
N 3.97ab 13.9bc 65.2¢ 0.37g 101b
NK 3.94ab 14.5bc 84.5b 0.28g 170a
MS 3.97ab 17.2a 77.2bc 1.14e 76.0cd
NMS 3.85a 16.9a 88.2b 0.62f 61.3d
NP 3.97ab 15.2abc 84.5b 2.71d 46.1e
NPK 4.11b 15.2abc 91.9ab 3.16¢ 56.6d
NPKMS 3.97ab 16.0ab 101a 4.31b 85.9¢

Initial status: soil properties at the beginning of this experiment; CK no fertilizer; N application of N alone; NK application of N, K; SM incorporation of straw and application
of pig manure; NSM application of N, pig manure and incorporation of straw; NPapplication of N, P; NPK application of N, P, K fertilizer; NPKSM application of N, P, K fertilizer,
pig manure, and incorporation of straw. ?Values in a column followed by different letters are statistically different at the level of 0.05.
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Table 3. Total concentrations of essential micronutrients and Cd in soil

after 17-yr cropping and fertilization treatments.

Treatment Cu Zn Fe Mn Cd
mg kg! mg kg! gkg! mg kg! mg kg!

Initial status ' 24.9¢? 66.2b 3.69a 128a 0.13a
CK 24.0ab 64.1a 3.68a 126a 0.11a
N 23.0a 64.6a 3.58a 118a 0.10a
NK 24.1ab 63.7a 3.59a 124a 0.13a
SM 30.5d 71.2¢ 3.69a 113a 0.33b
NSM 30.1d 69.3¢c 3.55a 110a 0.34b
NP 24.3b 62.9a 3.53a 116a 0.21a
NPK 23.7ab 65.4a 3.56a 119a 0.20a
NPKSM 28.1de 70.4¢ 3.73a 131a 0.31b

Initial status: soil properties at the beginning of this experiment; CK no fertilizer; N application of N alone; NK application
of N, K; SM incorporation of straw and application of pig manure; NSM application of N, pig manure and incorporation
of straw; NP application of N, P; NPK application of N, P, K fertilizer; NPKSM application of N, P, K fertilizer, pig manure,
and incorporation of straw. 2Values in a column followed by different letters are statistically different at the level of 0.05.

treatments and initial total soil Cd content was due to chemical
fertilizers (urea, potassium fertilizer and superphosphate)
containing low contents of Cd (Table 1). Due to continuous
application of pig manure containing higher contents of Cd (4.65
mg kg') and incorporation of straw to the field, inputs of Cd by
pig manure and straw was bigger than outputs by crop removal,
which resulted in an increase in total soil Cd concentrations.
Moreover, long-term application of Presulted inincreaseintotal
soil Cd contentsinthe NP and NPK treatments compared with the
CK because superphosphate contained Cd 0.20 mg kg*. Jones et
al. ®aso found long-term phosphorusfertilizer applicationwasa
major source of Cdin sail.

Thetota soil Feand Mn concentrations of al treatmentsin the
final year did not show asignificant difference compared with the
initial concentrations (Table 3). Itislikely that the contents of soil
Fe and Mn are very high; therefore inputs by application of the
fertilizersor outputs by crop removal had little effectson total soil
Fe and Mn contents.

Available soil microelements: Available soil micronutrientswere
often affected by tillage and application of fertilizer. Asshownin
Table4, theavailable soil Cu contentsinthe CK, N, NK, NPand
NPK treatmentsinthefinal year varied from 1.86 to 2.39 mg kg,
which were lower than the initial Cu content. Thiswas possibly
because available soil Cu was taken up and removed by crops.

For instance, the CK treatment did not received any fertilizers, a
significant decline in available Cu content occurred due to no

replenishment from the external sources. Although urea, potassium
chloride and superphosphate applied in this experiment contained
small amounts of Cu (Table 1), their application was helpful to
dow therate of Cu depletion from the soil. For example, available
Cu contentsintheNPand NPK treatmentswere higher thaninthe
CK treatment after 17-yr cropping and fertilization treatments. In
contrast, Cu contents in three manure-applied treatments in the
final year were significantly higher than their initia status. This
was attributed to the pig manure used in thisexperiment containing
high contentsof Cu (502 mgkg?) and organic matter (56 gkg?)

(Tablel). Han et al. * reported that 25-yr consecutive application
of poultry manure a so resulted in an increase of available soil Cu
inthe amended soil.

A declinein available soil Zninthe CK, N, NK, NP and NPK
treatmentsinthefinal year was observed, compared with theinitial
level. However, there was asignificant increasein available soil
Znfor the treatments receiving pig manure and straw in thefinal
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year over that of thefirst year. It suggeststhat long-term application
of chemical fertilizers such as ureaand potassium chloride could
not maintain available soil Zn content, although N, K and P
fertilizers also supplied Zn as impurities (Table 1). Setia and
Sharma’a so found that application of chemical fertilizers (ureaor
P,0,<40kgha") doneresuitedin availableZn decrease. However,
the treatments with application of pig manure and incorporation
of straw had higher available soil Zn contents. Thiswas because
pig manure and straw not only supplied large amounts of Zn to
thefield, but also promoted biological and chemical reactionsthat
resulted in the dissol ution of non-available Zninthe soil *. Thus,
available Zn concentrations in the SM, NSM and NPKSM
treatments were significantly higher than those in the other
treatments.

Ascompared withinitial available soil Fe content at the start of
this experiment, there was a significant increase in available Fe
contentsinthe SM, NSM, NP, NPK and NPK SM treatments and
marked declinefor the CK, N and NK treatments. Dueto the high
content of Fe in pig manure and superphosphate used in this
experiment (Table 1), significant amounts of Fewere added to the
s0il through pig manure and superphosphate application, resulting
indramaticincreasein available Feafter 17-yr fertilization practices.
Urea and potassium chloride used in this experiment contained
lessFe(Table 1), so available soil Fewasreduced by continuous
crop uptake and removal. As aresult of this, available soil Fein
the N and NK treatments was reduced. Setia and Sharma & so
reported the application of N and K fertilizer caused adecreasein
soil DTPA-Fe. Our study confirmsthat application of N aloneor
application of NK can not improve available soil Fe content, while
combination P or organic manure application can result in
significant increase of soil available Fe3 .

After 17-yr cropping and fertilization treatment, a decline in
available soil Mn content in al treatmentsin the final year was
observed, compared with the initial year. Decrease in available
soil Mn content was most likely due to excessive leaching of
soluble Mn resulting from flood irrigation during rice cultivation®.
The available soil Mn content in the control was greater than in
the other treatments except for the N treatment, which was in
agreement with the decrease of available soil Mnwith continuous
cropping and application of variousfertilizers®.

The soil Cd contentinthe CK, N, NK, NPand NPK treatments
inthefinal year did not show significant difference over that of
the initial year, although extractable soil Cd contents in the P-
applied treatments (NP, NPK) were higher than in non-Papplied
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treatments (CK, N, NK), which suggests|ong-term application of
Pfertilizer can result in increase of soil Cd content. However, a
significant increasein extractable soil Cd of thefinal year occurred
in the SM, NSM and NPKSM treatments receiving pig manure
and straw, compared with that of theinitial year.

Essential and toxic microelement contentsin brown early rice
in 2006: The Cu contentsin brownrice (early rice of 2006) varied
from 2.90to0 4.12 mg kg among all treatments (Table 5). There
was no significant difference between CK and N, NP and NPK,
indicating application of ureaor ureacombined with fertilizer P
did not increasethe Cu content in brown rice, but the NK treatment
without P led to increase in Cu content in brown rice. Due to
higher available soil Cu contentsin the manure-applied treatments
(Table4), the SM, NSM and NPK SM treatmentshad higher content
of Cuinbrown rice compared withthe CK.

Thefertilizer-applied treatments (N, NK, SM, NSM, NP, NPK
and NPKSM) had significantly higher Zninthe brown ricethan
the CK treatment (Table5). It suggeststhat application of fertilizers
promoted the uptake of Zn by brown rice. It was reported that
proper levels of N, P and K could enhance the content of Znin
brownrice, our resultswerein agreement with earlier reports® %,
It appeared Zn contentsin brown ricedid not positively correlate
with total or available soil Zn contents. For instance, available
soil Zn contentsin the SM, NSM and NPKSM treatments were
1.06-1.48foldshigher thanin N, NK, NPand NPK treatments, but
no significant difference of Zn contents in brown rice was
observed among N, NK, NP, NPK and SM, NSM, NPKSM
treatments.

Table 4. Changes of available soil micronutrientsand Cd after 17-yr cropping

and fertilization treatments.

The Fecontentsin brownriceof al treatmentsvaried from 6.71
t0 13.1 mg kg*. With the comparison of N and NK treatments, NP
and NPK treatments, it was found application of fertilizer K
decreased the Fe contentsin brown rice. Thisispossibly because
K has antagonistic action for Fe uptake. Abundant K in soil
resulted in decreasein Fe content in brown rice *. By comparing
CK with N, SM and NSM, and NPK with NPKSM, it isobvious
that application of nitrogen improved Fe contentsin brownrice,
which was in agreement with previous results on enhanced Fe
content under application of proper levelsof N (< 160 kg ha?) *.

The Mn contentsin brownriceinthe CK, N and NK treatments
weresignificantly lower thanthoseinthe SM, NP, NPK and NPKSM
treatments. However, available soil Mn content inthe CK, N and
NK treatmentswashigher than that of SM, NP, NPK and NPKSM
treatments. It seemed that the Mn in brown rice was negatively
correlated to available Mnin soil, but the mechanism remainsto
beexplored.

TheCK, N and NK treatmentshad lower Cdin brownrice than
other treatments and did not show significant difference among
CK, N and NK, suggesting Cd in brown rice was not affected by
application of urea and potassium chloride. In contrast, the NP
and NPK treatments with application of superphosphate had
higher Cdthanthe CK. It was ascribed that |ong-term application
of superphosphate containing Cd (Table 1) led to increasein Cd
in brown rice. Especialy, due to continuous application of pig
manure and return of straw to the soil, significant increaseintotal
and extractable Cdin soil resulted in marked increase (0.26-0.28
mg kg?) in Cdin brown rice, compared with the0.08 mg kg* of Cd
intheCK treatment.

Conclusions
Long-term application of NPK and pig manure
together with straw return to field produced the

Treatment Co =~ Zn Fe Mn Cd highest ricegrainyield. Long-term application of
mg kg mg kg mg kg mg kg mg kg pig manure and the return of straw to field
Initial status' 2.59¢? 2.04b 107b 18.4f 0.08a 9 . . .
CK 1.86a 1.55a 91.8a 17.4de 0.08a significantly increased thetotal and available soil
N 1.99a 1.59a 83.9a 17.6¢ 0.08a Cu, Zn and Cd contents. Available soil Fe content
NK 1.93a 1.51a 77.9a 16.1cd 0.08a also significantly increased with application of P
SM 4.89d 3.29¢ 151c 16.0cd 0.25b fertilizer or manure. The Cu, Zn, Fe, Mn and Cd
NSM 5.19d 3.36¢ 204d 11.52 0.26b : i
NP 2 39be | 442 230d 12.0a 0.17a contentsin brown ricewere strongly affected by
NPK 2.19b 1.40a 183cd 13.7b 0.16a long-term application of different types of
NPKSM 5.77¢ 3.48¢ 403¢ 15.5¢ 0.26b fertilizers, especialy for the Cd contentsin brown

nitial status: soil properties at the beginning of this experiment; CK no fertilizer; N application of N alone; NK application
of N and K; SM incorporation of straw and application of pig manure; NSM application of N, pig manure and incorporation
of straw; NP application of N and P; NPK application of N, P, K fertilizer; NPKSM application of N, P, K fertilizer, pig
manure, and incorporation of straw. 2Values in a column followed by different letters are statistically different at the level

of 0.05.

Table5. Essential and toxic microelement contentsin brownricein early

rice. Application of pig manure from intensive
livestock farm resulted in significant increasein
Cd contentsin rice grain , exceeding the upper
limit (> 0.20 mg kg™) of the Nationd Standard for
Food Hygiene for Rice Cd content.Attention
should be paid when animal manure is

ricein 2006. X )
continuously applied to crop land.
Treatment Cu Zn Fe Mn Cd
mg kg™! mg kg mg kg™ mg kg™ mg kg!
CK' 3.02¢” 27.9¢ 11.3ab 15.1c 0.08cd . A.Ckna.'vmdgements .
N 2.99¢ 31 5ab 1312 13 5¢d 0.05d Thlswork wasfinancially supported by National
NK 3.85b 30.8ab 8.63d 12.8d 0.07d Science and Technology I nfrastructure Program
SM 3.24b 29.8ab 6.71e 18.2b 0.28a on study and illustration of comprehensive
NSM 4.122 29.8ab 12.3ab 14.4cd 0.27a treatmentsin low-median production arableland
NP 2.99¢ 30.4ab 12.9a 20.8a 0.14bc intheNorth ChinaPlan (No.2006BAD0SB04
NPK 2.90¢ 323a 10.8¢ 21.0a 0.17b intheNorth ChinaPain (No. )-
NPKSM 3.76b 31. 5ab 12.0ab 18.5b 0.26a

1CK no fertilizer; N application of N alone; NK application of N, K; SM incorporation of straw and application of pig
manure; NSM application of N, pig manure and incorporation of straw; NP application of N, P; NPK application of N,
P, K fertilizer; NPKSM application of N, P, K fertilizer, pig manure, and incorporation of straw. 2Values in a column
followed by different letters are statistically different at the level of 0.05.
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