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Effect of poultry litter biochar application on the growth of cabbage
(Brassica Chinensis L.) in red soils

Yu-Fang Chang, Chen-Chi Tsai*

Department of Forestry and Natural Resources, National Ilan University

*E-mail: cctsai@niu.edu.tw

The nitrogen and phosphorus content are about 4% and 2% in poultry litter (PL) and/or
poultry manure in Taiwan. This makes PL a potentially important resource of plant
nutrients; however, storage and direct land application of untreated PL has disadvantages
such as odors, pathogens, or fly breeding material. Direct combustion, pyrolysis
(thermochemical conversion without oxygen) and composting have been suggested as
mechanisms to produce a stabilized PL product (biochar [BC], ash, or compost) that can
be used as fertilizer with little or no adverse effects. Red soils, mostly classified as Ultisols,
occupies more than 1100 km? in Taiwan. The disadvantage of high clay content (> 30%),
low soil pH (< pH 6.0), and low organic carbon (< 1.5%) limited the tillage capability in
red soils. If pyrolysis of poultry litter is to become more widespread in Taiwan, it is
important to understand how biochar made from poultry litter affects soil properties and
crop production, especially in red soils. Therefore, the objective of this research was to
examine how biochar made from the slow pyrolysis of poultry litter at a temperature of
350°C affects red soil properties and cabbage growth. Ten representative red soils, one
Oxisols and nine Ultisols, were selected from norther and central Taiwan. Pot study was
also carried out in a temperature-controlled room (25~28°C). Three biochar rates (0%,
0.5%, and 1%), one swine manure compost rate (0.5%), and ten soils were used with three
replications, giving a sample population of 120. All the 120 treatment pots for the cabbage
trials were slowly wetted up to 80% WHC over 48 h. Four hundred cabbage plants
(Brassica Chinensis L.) had been grown from seed in individual 5x5x5 cm plastic pots
filled with germination mix. After two weeks, of these 400, 240 were selected based on
uniform height and healthy appearance and were planted randomly, two plants in each
pot. Over the following 21 days, pots were watered to 60-80% WHC as needed based on
weight, and their position was rerandomized every week to equalize any variability in
heat and ventilation. Soil solution was collected with rhizon soil moisture sampler per
week. The study results indicated the plant fresh weight (g/individual) and longest leaf
length obviously increased with added biochar increased, but the trend of significance
depend on soils. In general, the concentration of P, K, Ca, and Mg in plant mostly

significant increased with added biochar increased, but Cu and Zn showed decrease or
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less change. Poultry litter biochar existed abundant nutrients, and the alkalinity of biochar
can improve soil acidity of red soil, and resulted in increasing nutrient availability, such
as P, K, Ca and Mg. In addition, Cu and Zn could be absorbed or chelated by biochar,
like phosphorus complexes. The soil pH and EC value of soil solution also showed
obviously increased with added biochar increased, and the trend during experiments was
obviously increased at 7d and gradually decreased at 14d and 21d. The results could be
attributed the high soil buffer capacity of red soil. In conclusion, the application of poultry
liter biochar, slowly pyrolyzed poultry litter at a temperature of 350°C, can significantly
improve the growth of cabbage crop in Taiwan red soil. The soil pH, EC, OC, clay content,
and other soil properties of ten red soils showed different because of year and frequency
of cultivation, crop type, soil moisture regime, etc. The difference of soil properties of

red soils would obviously affect the improve benefit of poultry litter biochar application.

Keywords: red soils, Ultisols, poultry litter biochar, crop growth, soil fertility
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Abstract

Persulfate with different activation treatments and their impact on serpentine soils
are not well known, and thus the objective of this study was to explore Cr, Ni and Co
released from serpentine soils with different persulfate treatments. Three serpentine soils,
KS, WR and FL, 5 g of each soil was mixed with 30 mL of persulfate solution and shaken
at room temperature. After 60 days, the concentration of remaining persulfate was the
lowest in the treatment of activated with NaOH for the FL soil because persulfate
exhausted with Fe(Il) and soil organic carbon and the FL soil had the highest organic
carbon content in all soils. Cr released from all soils in all treatments increased with time,
FL soil released the highest Cr level after 60 days was 16.3 mg Cr/L by 0.105 M Fe(II)
activated treatment. Additionally, persulfate activated with 0.021 M Fe(II) generated the
higher concentration of Cr(VI) because of high Eh value caused the oxidation of Cr(III)
to Cr(VI), which were respectively 4.8, 2.8 and 5.3 mg Cr(VI)/L in the leachates of the
KS, WR and FL soil.

Keywords: chromium; nickel; in situ chemical oxidation; persulfate; serpentine soil.

Introduction

In situ chemical oxidation (ISCO) is a common remediation method used by spiking
oxidants such as sodium persulfate to destroy organic pollutants. Persulfate is activated
by amendments such as Fe(Il), EDTA-Fe(Il) or alkaline to generate sulfate free radical
(SO4-+) which had higher redox potential to degrade the target pollutants (Kaur and Crimi,
2014). The pH and Eh were changed in the treated soil by using persulfate in the ISCO
procedure, and thus the metals solubility and their valence state were hypothesized to be
changed (Bartlett and James, 1979). Past studies reported that ISCO may cause the release
of Cr from soils, but persulfate with different activation treatments and their impact on
serpentine soils are still unknown and thus the objective of this study was to explore the

metals released from serpentine soils with different persulfate treatments.

Materials and methods
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Three serpentine soils, KS, WR and FL, 5 g of each soil was mixed with 30 mL of
persulfate solution and shaken at room temperature. With all treatments including 0.21 M
persulfate respectively activated by 0.105 M Fe(II), 0.021 M Fe(II). After 7, 15, 30 and
60 days, the concentration of persulfate, total Cr, Cr (VI), Ni and Co in leachates were

measured.

Results and discussion

In the Fe (II) activated treatments, the solution Eh values decreased with time but was
still higher than the un-activated treatment due to the existence of generated free radicals
in the solution. The FL soil had highest organic carbon content and persulfate exhausted
with it, but Eh of the FL soil was the lowest in all treatments with the exception of alkaline
activated treatment.

Cr was not detected in the un-activated treatment after 7 and 15 days for the WR soil,
and Ni was not detected in the 0.42 M NaOH activated treatment in WR. However, Cr,
Ni, and Co released from all soils in all treatments increased with time, because pH
decreased. The highest concentration of released Co was 2.8 mg/L with 0.105 M Fe (II)
activated treatment in the FL soil. Ni was not detected in the alkaline treatment after 7
and 15 days for the KS soil, because Ni was precipitated as Ni(OH): in high pH condition,
but persulfate exhausted with time caused the decrease of pH and Ni** released. In all
treatments, the FL soil released the highest Cr level (16.3 mg Cr/L) by 0.105 M Fe (1)
activated treatment after 60 days. Although the FL soil contained the least Cr, it released
the highest Cr into the. Additionally, persulfate activated with 0.021 M Fe (II) generated
the higher concentration of Cr (VI) because high Eh value caused the oxidation of Cr (III)
to Cr(VI), which were 4.8, 2.8 and 5.3 mg Cr (VI)/L in the leachates of the KS, WR and
FL soils. In the 0.42 M activated treatment for the KS soil caused 5.9 mg/L, showing the
highest Cr (VI) concentration in all soils because Cr species exist as Cr (VI) in high pH
condition, which greatly exceeded the limit of the groundwater standard (0.05 mg/L) in

Taiwan
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Managing Chinese N-circle in a sustainable way
JU Xiaotang
(College of Resources and Environmental Sciences, China Agricultural University,
Beijing 100193, China)

Purpose: To assess the nitrogen (N) management in different production systems or
under different scales, choosing which indicators or indexes is crucial question to be
answered for improving the N management. Recently, many new concepts, methods and
indicators have been proposed for the N management internationally, to objectively
evaluate and improve the N management level, and to provide criteria for producers and
policy makers. Although these concepts and methods have been applied to the N studies
and management in China in some cases, the understanding of these concepts and
methods, and how to make the calculation and interpret the results still lacks systemic
knowledge. No indicators thus have been developed to guide the policy making and
practical application for the N management in agricultural systems in China. Therefore,
this paper introduces the concepts, definitions, calculations and result analysis of
international N management. On the basis of this introduction, we attempt to integrate
the results from N studies under different scales and in different soil-crop systems,
summed up the N management indicators for typical crop systems, and provide a

scientific basis for achieving the better N management.

Method: This study conducted literature searches on the N management indicators,
summarized the concept and calculation methods of mainN management indicators,
including N budget, N balance, N surplus, and N use efficiency (NUE), and
allowableresidual nitrate inupland crops soil after harvest, and analyzed the relationship

between these metrics.

Results: (1) The environmental cost is low if the N input-output of a production system
within a reasonable limit under a certain technical and management level; the
environmental cost increases rapidlywith the increase of input after the net benefit
reaching the maximum level; N inputs should be maintained within this limit. (2) N
balance is an important indicator of N management and policy making, which is defined
as the relationship between detail N inputs and outputs of a given system at a given time
period; the excessive (surplus) or deficit (deficiency) N is calculated as the difference
between N input and output on a per area basis; the concepts of Nbudget and N balance
is different, and N budget is to calculate the detailed variations of N input, output, loss

and system accumulation; N balance is divided into three categories: farm gate, soil

11
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surface, and soil system; A tiered approach is recommended to calculate the N input,
output and balance from farm scale to country scale; N surplus indicators should be
determinedbased on soil-climatic conditions, the type of ecological agriculture and
environmental capacity. (3) Within a given boundary, N use efficiency (NUE) is defined
as the ratio of input and output of N product: NUE = N products output / N input. (4)
International communityrecommendedto report N output and surplus simultaneously
when reporting the NUE, and the relationship analysis of NUE, N output and N surplus
can help to improve the N management and achieve a better goal; when NUE<1, N
outputis lower than input, the N that is not removed accumulates in the soil or enters the
environment; when NUE>1, N removal is larger than N input, representing soil N
depletion that would result in decline of soil fertility; the recommended NUE
internationally is ranged from 0.5 to 0.9; harvested N is around 80 N kg hm? a’!, and
the N surplus is also around 80 N kg hm™ a™'; NUE> 0.9 indicates soil N depletion, and
NUE <0.5 indicates low Nus efficiency. (5) Soil inorganic N (mainly nitrate) in the root
layer before sowing is often used as an effective indicator of soil N supply under rain-
fed conditions, and residual nitrate in the root layerafter harvest has been considered as
a measure of leachingpotential to assess the reasonableness of N management. (6) Most
N balance studies are on field scale in China, and 80 and 100 kg N hm? a' N surplus
could be the reference indexes of current production and management according to
long-term accumulation of rich research data for the North China Plain wheat-maize
rotation system and the Yangtze River Plain rice-wheat rotation system, respectively;
the abovementioned reference index is based on a yearly rotation period, and the N
surpluses should be set to 40, 40 and 60 kg N hm™ if allocated to the major crops of
wheat, corn, and rice in a single crop season; the allowable residual nitrate in the O~1 m
root layer should be lower than 100 kg N hm™ after the harvest of wheat and corn in the
North China.

Conclusion: The good N management should control the N surplus and NUE within the
target range, maximizethe N recycling and minimize the diffusion of N to the
environment. Developing and applying the index system of N management is aim to
evaluate and optimize the N management and achieve the targeted productivity,
environmental protection, soil fertility improvement, and sustainable use and succession
of the environment. These indicators can measure the existing management and
measures, and as a benchmark for future improvements. The policy-makers can use

these indicators to formulate corresponding policies, and implement in the practices.

Key words Nitrogen balance; Nitrogen surplus; Nitrogen use efficiency; Nitrogen

management; Nitrogen losses; Indicators
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#& ¢ A Ew (Value-added Fertilizer) &4p#7t4 A& 427 4e » FIERAF

P C T RS AN L EY O E LAY SEET

"1
T

s

ok b AR R RS F i

=

F ~ ¢ r'g lﬁ]FF’};’H"E;L Lbﬁi’

o
2

L F R F A TR A RN AR L 225kg/hm2-
453kg/hm2 > A4+ 4 4.7%-9.6% > § B FI* FH 4 231 9.0 BF A B % I
AL g 5o R R A £ 2 801kg/ hm2-1203 kg/ hm2 » 45 443 4e 8.4%-
122%,5 441" 54372 82 BF A B 4 RO F L REFrnag
% 256kg/ hm2-381 kg/ hm2 » 4 %58 4r 4.7%-8.0% > » § 2 41% F 34 1.3 1 3.9
BB BEKT P RARH E e ARH e P RS AET
§ R E A e ik o

B4 @ 3 @97 4L Value-added Fertilizer ; -k & Rice ; #c% Effect

AEEF L IVRTERFFIE L TR KR R R —
“RTA R peAg R L R 2 2 ¥ 107 (2016YFD0200402-5) ©

B N F AT s Tel:020-85161415;E-mail:ytifei@aliyun.com e
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Tolerance, accumulation and stress response of koelreuteria paniculata to
cadmium

A=, fiE, 2T, AE, Had
¢ @ﬁ-\$$i#; 533:%\ iié‘f b"’]_ %}_é‘_’]&m

g KB EHEGER, 7 0 SR Cd ot § 2 & % STEM-
FTIR ~ EDAX A 477 &84 Cd P8 chw i o % £ P &% 54 25 mg-L! 1
T Cd ERAZRE AL, BWRERPF Cd HSHA L P RS T iEr ) Jr
FIRBD2 L o2 R EHHCAhG Ei S AR>E>E, §E GRS EE G
ECAdRARK bem Bt e MERDCIIGEE S F ~7 359 & - FRAE Cd
PEPHIE SR TR s A, ¥ BREE S foudf 5, MDA

$EFHLZ 2SOD - POD ~ CAT i # Cd #:8 tad f4eF »eehv Ji, ® B kR
Cd #iipF4 3 B 1E-STEM #1474 P, % )k & Cd 18 & S#AHITC mie BEGHEAUR,
EIMEEHE, ERHE, FRHEA FTIR A454 P, Cd fa#f4esgshp d
B, e T, @A AR Rk Sk F AR H 4 cEDAX A 11 A P, Cd

i g FrHIRMHABT % Ca~K~Mg-Na o, FPREES L F s jcd 4]

MaEs: &5 Cd P, mld;, F 8 #iF, Piv
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The effect of water management on the accumulation of cadmium in
rice grains of different cultivars-field experiment

SO Bl RUAE R - g
Fr R EL R R LR L L e

*E-mail: ywlin@tari.gov.tw

&

Fok AR EE A B o domE 1 Y Rend Fgoonkh A g
PHRDEAM AR, EFBADRE - E LA BRI oM R &
G SRR A DR M2 EHBRRER PR SR AN FERIFDEE
FILS R o FP o REHRDP DL WHBLS ARG EE BFKA FERER
ks PRENE ML EIME AEPET T2 FH ARk TS
Aok fsEA(s K 3050~ S 11 5L~ #v B 3 5L~ & ¢ 0 10 BL) R kK 45 7F 1
BEDLIR c ABEHR LI HFIRBAFLEGE P EFE Y 2K E% Y (HL-A -
HL-B)* &t a7 e B4 5 192 2 4R fe fedfend B 0 ¥ 1 3% 9 (HL-C)R) 2
EE RSB AR T EEE SRR TARAR R AL R RS R A
IR R R PAFRPBEES R B T i
MEA SRR R DR 4§ e Bl RERFRE YT B PR REE NI R
WraT oo ghvh s 27 ok feSfEandm R F R B K E LT B F R AR T
SR 4R B TR MU R X 3 50% - w BRGS0 kAL ERfEEA R T
BT AR o R RHR A R R K IR 5 PR AR Tl & k2
- EREFLFARGRFETEERF Y R OROET PR RES 2 MR
B FEEERT AR SR AT R R 0

\F‘

MeES (4 ke £ 4B kA FE REFR

’3

TE R FR f;ﬁi&%%&ﬂ*“ﬁxi%‘?ﬁ & (Smgkg!) 2 B o A
mlt«f"&%};)irs W ARG R B (04 mgkg!) o H P ke A% G B
o PIREL TRER B R A T 0 FF AT TN Ml fesA s 2 B
ﬁﬁ@“*06mwﬁ’i%ﬁmH@uz&ﬁ$i6510@&&1,g$¢§
W?*«~r'%m1éﬂ$zia‘mﬁaﬁﬁﬁkaﬁﬁm&%’ﬁﬁmﬁ
/}Eﬁ; B 1.5mgkg! o Fl 0 RSP 0% ,;‘ng;p];;,}%‘;@%%wggﬂ%
fiﬁﬂ SRR TP EF AR A F T LR R RS R 4R
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FodA LR EEERLERFL BT

A HL-A 2 HL-B & 8385 9 322016 & % — ~ = # (T2 2017 & &% - # iFi&
Tz Fods o = B T B A (D)% FAL) Q)% B E fife
Mg AT HEE(LAG)E (3) % * £ 4 ~ A MegES e Ffd s kA g Z(L+GHW) -
FoIA DHRERET PokfEs AL SR FL LR

& HL-C i#zkn 0 2017 & 5 - H (T8 77 b Sfdz kA F L35 o Kfefe
foem B LA H > TLIEFAIL(HRE)E UL P RS PRIE o & EKE
23 A 10 ok wf TERA A FEHED T X E Jeaa X7 X sk oK
hookfERt A THHEE e BRI 2R R BRI R
CR IS A A R S I

R R S

21 %dpd BRI ME KA L PEIE H o FRRY L ALINE
Fldg & 2 PS5 Ta 4 Mk fsqd ﬁﬂ/é”ﬁ PR RN AR R R L LR AR
U e I RRE IR FaE S R ] T RN R R TE M T LR Y
Bl13%8T > 3% 4B RIGETBEFREERT Y7 bgrs kel sgkR 2
PR T 4 B s P A 10 BLE MR R B X (>90%) 0 R F] 3 BLE tR i 4 (43
%) >+ WF FCF 3 Bk 4R R BT LR R E045 mgkg) ) H s 3B SEY
e o Tt R ARGREY  SFT S RPN E i § REhEoR RET
FREARGFLREEE L2 HEF DS Aot 7 S FE OREE AR TR S o

T o

2L 2R REFES TR 2 EER

2016 1%t cropping 2016 2™ cropping 2017 1% cropping
Cultivar TY3 TT30 TT30
Treatment L L+G L+G+W
Cd in brown rice (mg kg'!)
HL-A 1.89 0.64 0.24
HL-B 1.49 0.55 0.31

L: liming; G: planting low-Cd uptake capability rice; W: water management

=
(=]

oc mw

bed
=

Cd in brown rice (mg kg™)
=
o

N H— H |—i
0.0 ‘_L
TNI11 TT30 TCS10

Rice cultivars

Bl L kA 8087 bk fe S iif 4k & crl 88 (C: f 7 4 72, Wi -k 3 1)
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Effects of application of ferric chloride on lead absorption by different
rice genotypes.

B R ram s a1
LA CERLES K
PERIRREL R R E R

TR T%% : kwjuang@mail.ncyu.edu.tw

#F&

‘k#=(Oryzasatival) iz o @i & 4gs » 2 b5 Lk <k 2 AFE
REFESHRS > HREP 8% £ % 23 8§ o Kk g Sk 5 (radial
oxygen loss) € ¢ = B 4hF LUK THIE L EA-R kA G o REERLF VBT
PR ke E £ s PR A EMAR AR FE R Ay Mt S T
AR ATRASIERRR Y AT P DL ER & LT B A g
W2 A IEEAIE AT ET PR SRR e v B R
S F B P REETERAFL R 0 AR MY R 4T RHEE 300
mg kg 3Rk fEEfE ¢ 48 2 BATFH(TKY ~ TK16 ~ KH145)2 - #8414&(TCS10) »
i Al A6l iR E(con) s FHERH it die(Fen) s 5 IFE W
Piewt & gl (Fen) > #8) (T % & L4l (Fem) o A7 % 87 kfem t
T3 TSR R § X T ARIEYE SR F B T O A 1R
F V42 & @ B VAT IR IR RS T A TR E R R 0 9Bl Y Y 48
e R R e ek R I L s Rl IR TS R B SN O 2 S
T S BT AL o T ITF FF & AR IR R S B F T A
ECORAStEREL R R otk id oA RfESEfEY 0 TKO T 2 S S 9B F M
LI A M TR SRR B R AR Y PRI e AR R B Y i
FOVABOE R 2 R MR E KRR 0 TR MORfRREE P &R D
k&

MAET RS SAE & (4~ 1B B 405 A
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Evaluation of cadmium phytoavailability in soils from a zinc smelting
area in Hezhang County, Guizhou Province, using diffusive gradients
in thin films and conventional chemical extractions

BEZ RE . EpAg 2
PR ERs R A RFL I RRRES AR ERT &
2¢ AR E

*E-mail: jingsong@issas.ac.cn

UBEE G FieR ok F AT NF VAT ZNECRFL £
BAFEAAIELERIE WE 2 PREH R T BB FRA
(HNOs ~ DTPA ~ LMWOASs ~ HCl 4 CaCly) fr#- & 47 gt (diffusive

o

gradients in thin films,DGT) ¥} 3 Cd i e jef et BB -y B %5 4P ¢
CHLRRAETRERIRAMEKGNE L ER FV
Bl Riplk o f 2 PR EFIRECd g § REB ) TREHEICER

B B4% 0 Ficr kg F GEcTBE A B 5 0.1053 ~ 0.1058 4= 0.0079 5 -

ML E Cd g

LA S v fEA P DGT R 22 #7322 Cd g B FH7 384 Cd 3 249 M
GBcA T BB ERER T ARG 0 CaCh#& BRI T 2xf CdY 7
FAFTERIE £ E e TV E3A Cd 3 E ( Rjdj/w\ bl % 0.805 4~ 0.808 ) » HNOs #

B ipl ® e fh Cdo P REIERIZ AT 4304 Cd 7 £ (R4 %5 0.822 -
0.874 fv 0.764) « & F B ik it T » DGT Hi® i “2 Z M7 AT 2 e

B rdan kBT AP ERPE o 2 g R IESFAEL 0 23 pH FlF 2

¥ (vnp H R4 CaCl# P~ i fr HNOs B~ fi» ¥ = LI FRIE 2 oM w47

L5 Zag i 2 3 Cd chfe s fd sfbehns 2 o

M4EF | I FRPR A RPICEERMI AT ET L - ST T

Immobilization of heavy metals by different biochars in water and two
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Chen-Chi Tsai*, Yu-Fang Chang

Department of Forestry and Natural Resources, National Ilan University

*E-mail: cctsai@niu.edu.tw

The mobility and bioavailability of heavy metal contaminants strongly depends on soil
properties, especially pH, cation exchange capacity (CEC), and total organic carbon
(TOC) content. There is increasing interest in the addition of stable (fixed) carbon
associated with biochar, which could alter the soils’ existing redox status, mineralogy,
and acid-base chemistry. Depending on the feedstock and pyrolysis conditions used to
produce biochar, biochar-induced changes in soil chemistry can provide additional
benefits, such as the heavy metal stabilization. Information is currently lacking in the
effectiveness of char amendment for heavy metal immobilization in contaminated soils
where several metal contaminants coexist. The present study employed twenty-one
sorbents, including three woody (formosan ash, bamboo and lead tree), six rice hush,
two broiler chicken litter, and one layer chicken manure that underwent various degrees
of carbonization (chars formed by pyrolysis at 250~750 °C) for heavy metal (CdlII,
Cull, Nill, PbII, and ZnlI) immobilization in water and in two soils (Oxisols and
Inceptisols).

Experiments in water were conducted to test for the ability of each biochar to
immobilize a mixture of heavy metals (1.5 mM each at to) in water. Initial pH values
(pHto after 48 h of equilibration in 0.01 M NaCl) of 5 g/L biochar suspensions ranged
between 6.27 for broiler chicken litter and 9.93 for woody formosan ash. After
equilibration with metal ions (1.5 mM each of CdlIl, Cull, Nill, Pbll, and ZnlII, added
together to each reactor at t0) for 48 h, a dramatic decrease in pH (ranging from pH 5.25
to 5.70) was observed for all sorbents investigated (pHt, especially for high temperature
charred-woody (ApH = 3.85-4.43), rich husk (ApH = 3.30) and poultry litter (ApH =
3.52-4.37). The sorption capacity of chars strongly depended on the metal ion type,
showing the following trend for greater removal from solution:
ZnlI<NilI<CdII<CulIl<Pbll. This trend was observed for all chars. Generally, the
sorption capacity of broiler chicken litter and layer chicken manure derived biochar
were greater than woody and rice husk biochar. In addition, both chicken liter and
manure charred at low temperature showed higher sorption capacity than at high
temperature.

In addition, experiments in two soils (Pc soil, Oxisols; Eh soil, Inceptisols) were
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conducted to test for the effects of char amendment (10%, w/w) on the mobility of a
mixture of selected heavy metals (1.5 mM each added at to) in soil (20 g of soil L!). All
experiments involving soil were conducted using synthetic rain water (SRW, pH 4.5) to
simulate contaminant leaching by percolating rainfall. The initial pH of soil with and
without biochar (after 48 h of equilibration in SRW) ranged between 6.04 and 7.29 for
Oxisols, and between 6.65 and 8.23 for Inceptisols. After subsequent equilibration with
metal ions for 48 h, a dramatic decrease in pH was observed, ranging from 4.36 to 5.64
for Oxisols and from 5.45 to 7.34 for Inceptisols. In addition, the pH change was less
dramatic in Oxisols (ApH = 1.05-1.92) than in Inceptisols (ApH = 0.87-2.78), indicating
a buffering capacity of the Oxisols. Determined pH before and after 48 h of equilibration of
soil (20g of soil L™") and biochars (10% in g of char g"' of soil) without a mixture of heavy
metals shown slightly difference, mostly less than pH 0.3, for Oxisols and Inceptisols. In
Inceptisols, broiler chicken litter and layer chicken manure biochar amendment
significantly enhanced the metal retention for PbIl, Cull and CdII, but woody and rice
husk biochar retained less. In Oxisols, similar change occurred in woody and rice husk
biochar amendment, but more PbIl and Cull were retained. Layer chicken manure
biochar amendment retained considerable portions of PbIl, Cull and CdII, and less Nill
and ZnlI. In addition, broiler chicken litter biochar amendment also can retain
considerable PbII and Cull, but it released more CdII, Nill and ZnlI into solution.

Key words: Heavy metals, immobilization, biochar, Oxisols, Inceptisols
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Predatory Myxococcales is widely distributed in and closely correlated
with the bacterial community structure of agricultural land

Wenhui Wang'>? ~ Hui Wang!” ~ Zhongli Cui**
'Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil
Science, Chinese Academy of Sciences, Nanjing 210008, China
’Key Laboratory of Agricultural Environmental Microbiology of Ministry of
Agriculture, Nanjing Agricultural University, Nanjing 210095, China

*Email: hwang@issas.ac.cn

Predation is commonly considered a key factor in regulating community structure
or function. Although predation has been extensively explored in animals and microbial
eukaryotes, predation by bacteria in agricultural land is poorly understood. In this study,
we explored the community structure of predatory bacteria and their potential effects on
other bacteria in three types of crop soils under organic or conventional management.
The results revealed that 10 groups of predatory bacterial species accounted for 0.53-
16.27% of the soil bacterial community. Soil pH was positively correlated with more
than half of the predatory bacteria (P<0.05, including Myxococcales). Myxococcales
exhibited high abundance and widespread distribution in all of the soil samples, with a
relatively uniform distribution in the three soil types. Myxococcales were significantly
positively correlated with eight other predatory bacteria and with bacterial community
Shannon and Abundance-based and Coverage Estimator (ACE) indices. Network
analysis indicated that predatory bacteria, especially Myxococcales, co-occur with other
nutrition-related bacteria. Under organic conditions, the abundance of Myxococcales
significantly increased. Considering that Myxococcales have a higher adaptive potential
and broader prey spectrum, we conclude that members of this bacterial order are
important and active predators regulating bacterial communities in agricultural land.
However, additional direct evidence is required to illustrate how Myxococcales alter

bacterial community structure.

Key word: predatory bacteria; Myxococcales; soil bacteria community diversity;

wolfpack; network analysis
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Effects of Trichoderma asperellum on nutrient uptake and Fusarium
wilt of tomato
'~ 2pg! s § g
PR BRI REREME
*E-mail: chhuang@nchu.edu.tw

F &
v e DIRER r’v’ﬂﬁf”“f’t% 2_— » fed Fusarium oxysporum f. sp. lycopersici #t
Flde en% /%}?5#7 VI 2T AL o AT TR R A

(Trichoderma asperellum strain CHF 78) Fichick & A AR a3
ZRIRAFT (PR SFER S 2E) Y AR RFARP S E BRI
Trdink A e SR M BN R o ER2 §icA CHF 78 7
e A x%é,ysréz%)}%? '}’E)}%ﬁ;xi 554% fr562% e E T I HEILRAY
F 2 fep kS 200 % o ARM A TR R BT 0 § ot AR AL AR
i&%&i%%ﬁﬁ%°ﬁﬁcmﬂ8?¥%ﬁ$éﬁ%&@’ﬁﬁﬁiﬁi@?
FEE- BT URFHL P RF
Metss B F 2 25 BT EE 2 HBRKERT -
»3

iR A 7 Fusariumoxysporumf. sp. lycopersici (FOL) 73142 >
%d%$iﬁéﬁi;é CEANVEE: £ ¥ 2 I AEE FTERL - RERIE &I
ZHRBFARIEE FREFET R EATEREEFL LI E > H B R G A0 B R DT
it (Lietal,2018) - ~ ] (Trichodermaspp.) = @ F 7 * * 13 i5 4 3 B4E 1L
TR ENTER AL ARFFRH G io e X AT L PR -

o

Hlgr 2

AR Y P FRL T o BV gl Bcfdon R R0 ik F F R CHF 78 > 102 internal
transcribed spacer (ITS) % translation elongation factor-1a (TEF1a) 2 1% 3 fa R 2|
THAUEE oM R R AR (LR FER U T 23 (Tongxiao soil))
12 %5 fivw (B % 301) 327 T 72 (A) 7 # 7 (Control) : (B) #4&*#
7 (CHF78) ; (C) &4 #% :?E“{/%),% (FOL146) ; (D) A& AKFT > 52 X
£ #4854 30 % Fp F) (CHF 78-FOL 146) ; (E) £#EMBEHICE FREFL T H T 3
42/~ F] (FOL146-CHF78) » # iJdZ 6 £ 47 » #4818 2 2 $22  »* 28ClEif
dE G0 PRFRER I N2 B3 S ’J‘iﬁf-&‘/‘ff%‘i » ¥ EFz X ‘/,]»4‘1 10
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Fig. 1. Effect of tomato plants grown in different media and inoculated with Trichoderma asperellum CHF
78 on disease severity of Fusarium wilt caused by Fusarium oxysporum f. sp. lycopersici strain
FOL 146. A = Control; B = CHF 78; C = FOL 146; D = CHF 78-FOL 146; E = FOL 146-CHF

78. Bars with different letters on the same rating parameter are significantly different (p<0.05).
S M A R e R 2 T M T
% X 3546 FOL 4pd » § 30448 CHF 78 7 B F 8 4chb2 o e 8 » ¥ i 32 F AT
&6 U4t | (Siderophores) #T3k 0 @ M S AR fTE § BT EHAE A Fups fodr ]
Fi R (Lietal,2018) 4p B & 475 % BE 7 » § 3ofith2 § ~ B~ 49 4T ~ 45 ~ 48~
G2 BT R X ABL R ATHF LM B § v @A CHF78 7 &7
FMERBLF L 0 T R IR R o R AT
FIthk CHE 78 ¥ % 3t it §av Xk Fop > 7 BLE §ivehd £ {ok & jo o kit
2 g FRE- B URFHRAS B INS o

542

ZPE 20160 fRiz AWFH G K At E A ROBE  F2 P B F 1Rk
B sHLE =R o

Li, Y.-Y., S.-G. Hwang, Y.-M. Huang and C.-H. Huang. 2018. Effects of Trichoderma

asperellum on nutrient uptake and Fusarium wilt of tomato. Crop Protect. 110: 275—

282.
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Phytoremediation and proteome differences of Garden lettuce (Lactuca
sativa L. var. longifolia) when exposed to di-n-butyl phthalate
FE it L2 L sz e !
'ET AR ARG G
PET AL S PETE RS

*E-mail: csliao@isu.edu.tw
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1. Jindo, K., M. A. Sanchez-monedero, and T. Hernandez et al. 2012. Biochar influences
the microbial community structure during manure composting with agricultural
wastes. SCi. Total Environ. 416 : 476-481.
2. Sun, D., Y. Lan. E. G. Xu, J. Meng, and W. Chen. 2016. Biochar as a novel niche for
ulturing microbial communities in composting. WWaste Management 54: 93-100.
3. Wang, P. C and J. W. Hang. 2000. Characteristics for inhibition of cucumber damping-
off by spent forest mushroom compost. Plant Pathol. Bull. 9:137-144.
4. Wei, Z. T., G. Y. Zhou, and Q. X. Hu. 2010. Research and utilization of edible fungi
residue. Edible Fungi China 29:3-6.

Fo- AP R RAER

Biochars pH* EC*(mS/cm) Sper(m?/g) C/N
M350 9.25 0.82 0.65 48.9
M500 9.85 2.53 2.44 52.1
MS800 10.06 2.89 51.95 75.2
0350 9.09 1.05 2.97 21.5
0500 9.34 1.18 5.38 19.7
0800 9.64 5.52 39.72 21.9
C350 9.67 0.92 0.54 19.8
C500 9.76 1.44 18.22 23.1
C800 12.25 4.77 26.14 42.8

*IpH~ECH &kt (115 whv)o
R R R S A

compost pH* EC*(mS/cm) OM(%) E4/E6* C/N
CK 7.78 4.68 75.92 3.98 6.86
M350 9.53 2.16 65.93 243 9.60
M500 9.53 2.06 68.70 3.05 12.38
M800 9.87 1.69 72.84 3.25 15.31
0350 9.59 2.24 67.34 2.86 10.30
0500 9.65 1.83 65.69 3.73 12.34
0800 9.85 1.64 64.45 2.99 14.83
C350 9.60 1.92 65.51 2.93 9.75
C500 9.62 1.86 64.29 3.57 13.05
C800 9.84 1.61 67.78 2.55 15.13

%1 pH ~ EC ~ E4/E6 % Aok (11 5 whv) -
FZ R RERE T IIESG 2 2 R

compost Radical(mm) Effect!(%) Epicotyl(mm) Effect’(%)

CK 12 100.0 14 100.0
M350 14 120.1 15 108.8
M500 17 144.2 12 88.5
MS800 16 138.5 12 89.6
0350 19 162.3 15 107.4
0500 20 174.2 12 91.3
0800 14 124.9 18 130.3
C350 21 183.2 17 126.5
C500 12 107.7 19 142.3
C800 24 203.4 18 132.8

1132494 £ 25 ¥ (%)="213 & & (L% 5 B/ 249 & & (CK)x100%
20T A EoE (%)=L E E B(GRW )/ T L A (CK)x100%
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Using UAV to monitor the growth characteristics of rice with different
nitrogen fertilizer application rates
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Wang, Y.P., Chang, K.W., Chen, R.K., Lo, J.C., and Y. Shen. 2010. Large area rice yield forecasting using

satellite imageries. International Journal of Applied Earth Observation & Geoinformation 12: 27-35.
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PEERAR 2 %Y FHEEFFR S G RE D% (Karlenetal, 2001) (1)’T*
FhRBG QTELES R QER LI ERHE > DEFFEFLS > XTI T

# (MDS) > (6)4 2 B &R a3+ 5 411 S =R 8 (SQD» 2 (DR

;,/,. %kaﬁ'&é\%ﬁ‘ Et@mfﬁ ]H:.J.j;,gj—"&m;ﬂoflau—’\L‘K/q\ﬁ_,h-ljigrr,’Frku

FIRURR 2 LA AR RA 2R T E L SR EPTRERA T

A2 PR SRR IR A AR I RETEGE G EI AT IR
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APTERERAC AL 3R BE Y S8 B2 A (HhE 21 BAA R

W) EERITIBIIENG 28 o HhECHRELEI G F - BT oD
W X BRAEEFE %Wﬁﬂ\ﬁ?~i%ﬁ?ﬂ¢:%ﬂp%ﬁomwdi
BEFFeHEE > M2AFRP DL (DEFLERRLE -QF 2 rd
Eisapd i (FEHREF 2 LRI L) Av\‘;v'i*iitgr‘%%f’éﬂlfé,ﬁfmoﬁ_:}ﬁ
FORED %V R iR p o2 2 E AP ApiR £ 1A S8 241 (PCA)
i?*/f BRI ERR I S MDS s HHp R N E G AT R
%BﬁTf4%w??w%$°®—ﬁﬁﬂkiﬁii%%??%ﬁﬁﬁéiﬁ
o FHANSBEr Y A BEETRAZ RAS ko B A THREI T AP E
‘iﬁ%ﬁ%]“*J‘-’fT—T-lé"“v\ VRREFLXFL2 3 Bh IR iE 2
EA

s
IHEETREESFREFIRESTFR TSR

N
,ﬁ

PEPR T
ot SRR AT 1S R & PCA M35 F 4 MDS 4554 i o)
PUTTRI FERFR G RP R T AR ) AT R
’ ??iﬁif“*wﬁwﬁwwf’u%fwgﬁﬁm»r&amﬁﬁ
;‘%\“f R z;}ﬁﬂﬁﬂ:,p Pens d E RV EME FP o B PAES NEA
RHe gHTERRTL LSS AP §@73@4%
AT ()M TREEIERBA N Z P HF2E2 2
s Aptke #lzf/L - i’n\if-’f_’g'g_po 1S 24 % £(CEC): 7 4% (OC)-
DIPAF 53 Cu 38 -2 DTPAT ¥3Zn 7 £ 7 Bhthk; Q1 Tim g4 ie » 2
i PBE ??%Pﬁ“ﬂﬁzf:i-%w?@ﬂﬁ%$+14@;@é%
G Mg R Bekh pHE - OC PaB 80 5 RV FEE S S,
o g g3 CEC £ 7 Bdpth o B ds ~ 145 7 24 & dp ik pH & ik

%
5
2

i a2 SQIFERENY LT A o BSQIPEREALE ¢~ K
B TR DA RITR P T 510 BIRABEEF O koo 2R DE

e dE () I REAELFTRG VPFNT oV HU L B E NI ERT L kL
ARNEHE Q) VRARFSE NS FANZ 8 TR EF Q) T RAE
FERE B MEH L k2 R AR EE e o S B 10 BRI HR LR
e P REEFTFEHRBESGEY A NLPLE VRIRARFT ERBRI I T
B A7 2 SpK B Aot bR 2 EeE I B BAR RSP R
A IRPE S TR AREEA L F A e T BB O F L o

ERE 3 S A §’%
Karlen, D.L., S.S. Andrews, and J.W. Doran. 2001. Soil quality: current concepts and
applications. Adv. Agric. 74: 1-40.
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AAEREFSAET 2 EE

Gpitfe kg wﬁ”’*%#”’@%”
1Y AR REB R A AP AL BRI LN F, F
F%,100016, * R
2 " BAAF LS, #%,100039, ¢ B

BE
FI* A2 % %fﬁ"éxfi Y E LB R TR EEE S N R M
Ritf,iE- B REL A BWABRS L2 HBE AL REPEFE 0
B T ﬁﬁ%%?ﬁﬁ%%o
4

MRRE R AL FE R0 A e AR 0
B ch ks E 2 02 o F A R AT # (SolanumnigrumL.) ~ 5 4 i E
(Rorippa globosa (Turcz.) Thell.) fr= £ 2 4+% (BidenspilosaLl.) 3 fate 4 5
CdAg# R4 » =% (TaraxacummongolicumL.) ~ > ¥ 5 fF (Kalimeris
integrifolia Turcz. ex DC.) ~ -] ¥ iF1% (Conyza canadensisL. Crong.) frj¥4= %~
(BidenstripartiteL.) 4 f&{#4 5 Cd % &1+ - * L% (OenotherabiennisL.)
B Cd-CuPR el - NHEBE LR > 07 0 1AL FHEDLE1VER
W UATE Y 4R AL B & 2 2] N B UYL FH
ot THEF AL R RS R o BE DS B LRSS BL A R R kA
S WIC3 LA BN Ric T B BB 35 MR L B S K A
Felp s o draniod ~ B LR~ A oG EMA 5 R o FE DR b onk K2
A Ewi - BAA > HApM B EREFPE - ERFEEF PR E S P &
PAE R EFOE R REEE £SR3 DRl G o s o £
Cd-PAHs ~ v £ 4 £5 %238 Cd-F AR PHEFTEIE  NFEFLBHR
Ty MRS FIox A2 AR 20 R g B RF 2 A
ARk F R E Kk cthr 0 MER TR REF A A LR o

Fer i ) ALz 7Egm8 4 £ 8% 1 33 (2016YFD0800802) ~ ;
DFFA AFE A L5 &% (41571300, 31270540, 31070455,
40971184) ” -

i3 T’F'ﬁ . %A r, email: shuhewei@iae.ac.cn
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Review and Prospect on Remediation and Management Technology for
Rural Soils Contaminated with Cadmium and Arsenic in Taiwan

Wi ! A LT L RaE L el 22R°
Chien-Hui Syu', Tai-Hsiang Huang %, Yu-Wen Lin', Tsang-Sen Liu?, Horng-Yuh Guo',
Dar-Yuan Lee?

IR ¥ Bw Py i“f»e”e“”’r, ov, 4 %, chsyu@tari.gov.tw
2 I%;’;E;fig}i’i}i |;> P, 5, 11083, %, mitch@apollotech.com.tw
SREECE K R EFE, 54 10617, £ %, dylee@ntu.edu.tw

#E&

B Rmi 7 B Ao s L 5 - B RBH 0 BH L4 fom 5 LR
PR Oa T % 2 LRRHHAE E0ME LR F 4 AR B>
AL KRR B GF2EE 2 1 EBRCRFLERE KR NRER LDl E S
FHE AT ARGRF o AF g ARER AR RD X RFF TR
FAELNLAA TR P A EMAETR)E YR EA T ER R TRER(ES T
J) o #1980 & AR A % - Ak X F B A0 R fFL AP M SO
TSR A Y PR (S mgke )2 FER AL Y LR R E(0.05~2
mgkg! > T fEAEA B) F P FR S A EES AL BN ¢ FRKE
WAFRRE R R EART CFBRRESZ o Y NG AED

B(EEER M Smgke) ) PR AR M EH IR N KT L
B ¢ da B E 2 MR - GE AR TR A SR KA F IS o fpdct
G IEMFARE LI EEOFERY AR RFIIARS T &L LPE LS
o e b N ATRL FR IR EE S mmcladiE o Ra o 7&K

AEhP RSP AERBEEFRIF FE TOREIRfE 0 RAEEM R F
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RS R OB ) T R R @ ) R RN R A R
TIT LR G R )
SR AR BT o B BT S A R R Blde P T RE S 52 L

4 B ¢ (CODEX)3™ 2w f fokksf cjg 87 TR 8 4 %] % 0.20 v 0.35 mg kg’

dONARE THERS TREP I EFORET 0 N S ARER S (F
P AR 107 # 5 0 &t a2 el 7 £ U R B (IR & CODEX 4p
e AR RRA NI ARF)EAEL LFL 0 RIFD PHREF S P
BEF GEIREAMERB IR LF FIEEOOmgkg!) 0 B X E B
Flgt o BIRFERT 0 2 M MAMBEI T JSK M DR R AP T
AR REFES SERAER RO s RF R G RT) s S

é%i;%’w};/»\% }if%; rm],?ﬂét;;—'-‘ °

BaEF: Py 23~ P PEFIE E & fecd Fpw
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GCBHEEBTLE A EELH S

#E

SFPUEERFA T AR KE T AT R o LR P REEKRY
Bk WL LR ARETEHEAR T AR IEEH>TE L3 A
BAIRELRFT LB RBEIRA R (1) 2£2535% 1 F5% 234 BAIZ CK (0
glkg)~ T1 (24 g/kg) ~ T2 (36 g/kg) ~ T3 (48 g/kg) > £ 1 ¥ 2 3 pH & ~ 454y
AREF R R T BB B BE AP Gt UM A Wi M
2 pH B R F e g L Y e 0 ® 2R S odi il i
ferpe B ERE LB RS EE BEF P REE - %T PR E LR

DA ARG 2448 gkg FF > FIEP LRl A CREBEE LA

B R T 34%~63% ~ 13%~25% > @ 454 B KT 17%~19% ~ 42%~53% ; 2 ¥
i RS BEF LR WRELETRALAS BB
25%~63% ~ 53%~89% ~ 31%~88% ~ 4%~41% » @ 458 A B3 B 1 14%~25% -
35%~40% ~ 3%~30% ~ 38%~65 % © ’T seec A A B BEE R M) SR AR
LA Ty e LA 24~48 g/kg FF 0 o R AR frdsd B A4 W 0
8%~32% ~ 19%~53% o FA 3 £ B » AL HEY > KA VR S REEA FF )
PREEHT RIS BT B e MR HE 2R
Spfrdpaifo > ERL AL Pehp oy (2) v FdR D @FRKE 3 B2 CK
(0kg/hm?)~T1 (¢ & : 19500 kg/hm?) ~ T2 (& & : 29250 kg/hm?) » & B A2 3
FKEAF 0 EFLS8 it 23 A B R A TG F 5 lomxlom o A7 T LA A
Au Beni®h skhk o BE AP I F T UM AR SE MAEIR S kP 4
23%~45% ~ 4% 11%~19%, "% 1$;2 & 23 7 4° 45 10%~36% ~ 4§ 6%~16% o 2 2 4]
A sgta MG s defode g £ 0 B 7 S8 LT M 10%~12% »
4%~T% » 7% & 23 4 A w]%5 K7 8%~15% ~ 5%~19% o ¥ ¢b » 35 % ;x4 8 A it
ARB D FAE > EPSS oA T 23 AN B T 4%~5% T%~8% c FTF £ P >
CAMANARE L FAR O E NS B BT R 0 ) SRR
R o SFE T PR AR ARG EFT RO ARG REDBH T o

7=
3

&o%&’#{

P

)y
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Mechanisms of lead accumulation in Cyanidiales with modification by
potassium permanganate and ferrihydrite

fEgk!lvmERl RG22 e !
AR o P BAF 59 4020 S
PAGPE o KA F S 574070 S
E-mail: yliu@nchu.edu.tw
F &

iz %(Cyanidiales) & 7 ¥ 3% &P EFEDEF - X FIAE L5 ;f&
& EFPhA &TUREFLELE Rn ABRERRY L2 HEL B
r;\I%ir“‘mf‘ T ’Prﬁﬁﬁ&éﬂ”jﬁ@—;fﬁii (MBI A fl\iﬁ«%ﬂ’
A 1 P HEEA L FE - k[Galdieriapartita(Gp)] > & %453 R 4
Gp—"s G @ﬁrﬁﬁw_ﬁ’&iﬁ?&c{%‘% SRAR R ARALZ A 4 BB o R BRI E R SRR
3 H g 40 X m’rm; *E R R E ST R AR ] o e R

HREERP RLFECRFIFE AT L INESEF A A 2T E 102
mg g ;aﬁmﬁﬁgﬁwm@ﬁ '@ﬁ_mmm%glﬁwf$@%&

@ BRIFE 6099 mg g’ o HEFAEMTT R AL WH 5 B ARG FIT
F5RRUTIES AR Fla B AR AFAL A 4 o A T IEARY 4T KR S
ﬁ}?%ﬁxe‘.f—r R o Flm kRS A G 2 S PEM T € FIRRMIRE T A AR L > @ 4
T RARE Y 0D N Bem 2w R RBHRNEFL TR AL YR
ARG BT LG OoCRE G B AT A HA
Biatd P RE 4 B  RBF - ZESH
- B2
% I ' % (Cyanidiales)*t 4 3= 2 §g 4~ 5 = jhH&2 = #6 > » % 5 Cyanidium
caldarium(Cc) ~ Cyanidioschyzon merolae (Cm) ~ Galdieriasulphuraria(Gs) ~ Galdieria
maxima (Gm) ~ Galdieria partita (Gp) ~ Galdieria daedala (Gd)%# Galdieria phlegrea
(Gph)>» B E P Hwe el 23 A7 4 W FRERMEPRRLY > ~7 4
GWETEEARBRBY XA AREREY 2 REFF 2 £ L RR AR
IRBREIFIRET O AIFECRANVG TSR Aof (- OH)‘H‘*‘BE“('NH)
#2555 (-COOH) % (Abidi et al., 2014) » F]t 7 SB35 405 & Bl gsg e o+ o
Ee | ﬁ”’f kP ERAL TR o TP AT 2P kR AR SRR LA
& iR - % Galdieria partita (Gp)i& (7 22 57 B > :x BARIPIPET a0 B 5 R
W R ISR B 4R 47 (KMnOs) o 14 2 1 * & (Y 4B(FeCl) & = 2 3% A
LR B S ¥ NY T REA-E o RO RN YR 5 T
EAI* 2 B RSN EE S BRI Y o Gp ¥ A AR FFEAE
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B Gp AR RH SR T A AR .
S HEEa
(-) FEER A

FECRGP)ABD SR LR SR SR RY P N g
2 MA (MA autotrophic medium) “t 4c 1%+ # i3 H2 X% » & AL R % Hp 12:12»
v 120 rpm B 7R T R o
(Z) B 4Rfadr s KaBhC

B 4R 47 (KMnOg4) 2 B f Sk 3k 3+ 0] 24 %07 o % 38 7 34 (3000 rpm > 15min) »
Fud PSRz “Tir*-‘mm » £ #-H ¢r 10 mM KMnO4 12 B vt 2g L
B 120 AsEce o B i RF P 2 Respr 4 3T G-V 2N ey O
O B U R A Lk Sl
“Z]:‘,ggzgpm;k‘*%,,z v 2 fs4er 0.1 M F iV 4B 0 B-FR VI A SOng » A pHT7 ™ &
e 2 % BiSHF R AR LS kB R Ak K’/T\ﬁ“%mg "
A% B o
(Z) = ar2 i * B84

Bt R A ensg A B e pH 5.0 11 FRE 5 05 mg LT 2 F B 4 ~ 5 mM A
fedro 3t EY RT 6P K RSB EFHC > LIRS 022 um gt 1R
48 & mjﬁ}%’+’}f‘}q"‘opﬁ &R PRR P AR R o Hedp B B SO Tk
et R S TR (4 RS ) R R s
14A) % F IR k3 > 5 JWff @ 4 2 R an | it AL IF L 7R R enfdd7 -
Z FE 8w
SRS R g rﬁﬁii’&f“’ﬂ%&m/ﬁw‘?7 TR R R sE A oo
4 &p e %+ E(200mg g ) fbf;]7 BT S R ALS B FF R e A
525mggl ZREFAER A e HH L L3 102mgg!l A 5B AR TR A
B2 ERIE* A A2 - F LEMnO2) 43 1 AR MnO2F ¢ oo @ fE

T g% ’}“IFL’ W pH 7 Tind &IV E N2 KBTI L B X

E30609.9mg gl BT i KB ORBHEF T RAT A AD R R L
3 b o @3 IR eni & ¢ AT @D d s {8 s 5 pEaE ehi 5(1200-1000
m)sE4E A 2 A F P BRI oA E > @ C=0(1730cm )G AT 2 &

“J

[rel ‘7—‘“* £
-nJ @

= »
oo

A U MR EAs > T oaniE VB S FAL i 4 T PSSR ER
PR B R e ER A B LR TN ST o 2D RHE T A
O T I

E ~

42
Abidi, N., L. Cabrales. 1d C.H. Haigler. 2014. Changes in the cell wall and cellulose
content of developing cotton fibers investigated by FTIR spectroscopy. Carbohyd Polym.
100:9-16.
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BRI IRY BB BTl fein ik
712 12

Ur% f_—_f‘_"\? J\iigk}:’_Yﬁiélu

ARG A AR 8 444 5 (Typha angustifolia) = 77 3 47 & > 8 % P E%
Bt o hRA e AR E AT AP U EARY A (CK -~ 50 mg/kg ~ 100
mg/kg ~ 150 mg/kg ~ 200 mg/kg ~ 400 mg/kg ~ 600 mg/kg) » A4 F7 B2 &P
WRZAFIPRPERTAFOLIPE - 83~ 8Bk {02 R anb 2y
o THBFF RN BmER s Rk : Bp e LS
FRFARA TR B5 4P 0 (1) A2 & XTI E R
B T KB TR B R e TR E s R R R
B AR F Prame )y kR S 100 ~150 mg.Kg-1 a2 if & 7 i 1)# E o
PRERMPLET > A RMEHP SR RS LR AF AR A
TEIN>p P R ESHTE  HEF G 0.01~04 22 0 AP AsF S e B
dInA g G (2) R AT AT 202 AR R T R IREPHH oD
AR R AATFH G ERAHER > AT B AR G R Ay P AT HEE
g PN I E T 5 (3) R G AR PR R s T
A R R BB AEF R P8 kB | 4o EbR S B E S (4) 4R
PR R i AT AP > At A LY 0 4 e s PR
RARFAME (5) ARF 2 EEPp - AFHP B EEATPHE 7 i

TAPR B RFTAEF CFCRRT L EFHLESORB O P 2
BEFTEFE G EBURSE DI AR 0 WP AT ARR Fliic g B FHRBIR
Yoo ALV A S BREAHELEEA S LIk BE Y A ot BINER

- RN A 0 3T BB S R E IR P e T R L
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TIEAE D B R (=)

pAEARE O ok Ae-] § B 1T TE S Bl P
e %—,1,2, g%\ﬁ]{é 12, %ig”%’l’z ' 4 ’T'J 1,2, gga»jﬂ‘l,z, 3 ’TE 12, )‘
B2 2, % a2
(L@ 4 R EPFIRIEFEL g o 73 430064 5 2. K F308H 45
it EBR & T 0 g 430064)

HE REREREE FIAER - A& ol RSk
BB gL LRI hER R A BT REET > ol &
LR SN S AL R AR SRS RS &L R e F SO R SRR € A
SRt adrarik o LR PR JiEF SRS REY T S0 - A
PLRA AR LR T Rkl FETRI A AT L R iE R Hokpeie] &
ey & TR E o R% KR 0w (NPK) fritso+femB e (NPK+M) 2 B
FedZ o B ¥ okfpFE g (N) B (P20s)~ 47 (K20) 5% £ 4 % 5 150
kg/ha ~ 90 kg/ha f- 90 kg/ha » |- & & & %] 5 120 kg/ha ~ 75 kg/ha fv 60 kg/ha > F&42
Bv £355 6000kgha o %587 ¢ kD FiEALE 52T 5 NPKHM 2 38

% 13T kfefkdede 285 7266036% > & Az £ 5 5.88+028% ~ £ ¥
-4 3 Aﬁ‘rﬁ“{é % 1.96£0.09 % » A %[yt NPK A2 % 7 18.9% - 20.9%fr
202% 5 %% 19 ﬁ J\ﬁeﬁtﬁ’ 0 7B 5 836:033% - & ApE 7 E:
6.49£0.15% ~ 2 ¢ & Z 4 A 7 £ 5 1.91£0.05% > » &)+* NPK @~ﬁ$ i
25.5% ~ 25.6%Fc 23.9% » 3t A 47 m 30 PR A F R o NPKHM AJZ 4 5 14
Tl dfktede F8 5 1085138 %~ 4 AR T 5 87558051 %~ P w g
AR TE 5 2484021 % > A Wt NPK A2 B 7 9.18% ~ 6.32% 4 7.48% ; %4,
Ex 201 Fhkdedy 285 156£1.98% ~ & AR £ 5 11.87£135% ~ 4

TEAMEE L 2784016 % » A B[t NPK ASZ# 3 7 14.8% -~ 8.30% 7
10.6% > St 27T oA L FIBEF KB 25 &P > it 4 iniE T RoRfe-)
ST TR RS AE R o - AR T d RS FoE Ry
Ra o T F R £t £ R AR > iR B e ok AEY R S e
AN~ ZAAN N

bR

MaEF © kel SthitH > LB i 0§ AR T4 AR
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Effects of calcium, magnesium, and potassium on cadmium toxicity
and absorption in rice seedlings

ER T E
R:ki<FREF X

*E-mail: kwjuang@mail.ncyu.edu.tw

R ABRF AL ESEEREE TS EF B E R THL R RBRET O
9 e s ? AL 10 Bidh T LR » U A R4S T R 23 R EREAE I HEY
FHEHBP LRSS RS EAET P R RAF IR AR TR OHI LT IR
Bole o A5 BB AR U S T X RS T s 548 TKO gk it TCS10 P! &R » 4%
FRAREBORES D PRk R FWR BT g FE o

ELACIRIS CR ol S A L e CRRIE R A | * 24 R F(Yang et
al, 2015) 12 2 1y AR H3uz ﬁpéﬁé;;c R R SRR a4
EARTOENE BROLRE > D HGE S PEIRBRI TR T REENI G
Feinid B2 RS o F i o

B AR E Y KRR SO s Y A 108 T T % ik fe
a5 k#3311 10%Hoagland 73 7% 5 AR L A K~ 3 B 45(0.51~5-10mM)~
Z05-1-2-4mM)~49(1~3-5-10mM)F FER 2 4EAITL AR > 4EATLE R
3 :0-5-10~20fc50uMCd > k#5872 > TS PIERNE £ T %
§7 18 1 |+ vx J sk 3 1% (atomic absorption spectrophotometer, AAS)(ice 3000 series,
Thermo)«? 4Rk R 5 g8 Visual MONTEQ 3+ 5 8+ /B 5 Rfs% v 2 RE £

B H Eé.iﬁ.’éﬁs:\ ® ¢(logistic function) sigmoidal curve ﬁtting 2. F 1PN 0 SN
407 :RE=a/[1+({Cd*"} / EAs0) *] » iR PRHN -5 (v4 4 K & 50%Prd] P chibg 5
14 ((toxicity indexes 50% effective activity concentration, EAso) o

BEEHE A SRR T R PR ATLE R R A BT R
EAso Rid-2 2 B+ {3 R g kel obp a3 Bama s " ¥4 - - F R ER
i o F B RAEH W EAso o IPTAT ~ 4~ AT R U KRS vTAREE BF
(Fig. 1) » ¥ # 12 10 MM SALASE TR EAT 4 e BOER T S RS T kA
o REP AR R R P AT AE A F R R T e i B RS E v e e (Fig. 2)
R a2 B aFF AR 4T s P TK9 & 3 0t TCS10 { A &g < 314 %
RAFRE(Fig la)y> Ko s RPN EER T T §F ok B R EHERTnL
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TR BRI (=)

£ 7 P & (Fig. 2a) > P & ST 2R ATH B R E s jeenide” 22 2 8 0 1R
T oA ¥ TCSI0 gt 2% B kB ehdT A2 § M a4E ¥ BT 8 T46 5 BAso oh
®it3 PALE > TKI P A TCSIO & FISEF R ER KB F 44 T (Fig 1b)>
e )] p\ Rk R it L 5 4p e i A(Fig. 2b) > 3P TK9 &8 TCSI10 eh£ £ % p 304%
FU RS T T T FORAR I TKO SR A 2 R E RS RS
BT FAFTA SEOEAs it 5 PR LR (Fig. lo) Am P 4EER PR
P& £ B (Fig.2c) @ & W R E = ﬁ%@+ﬂ§k&ﬁu Lo kBaTRERL
FER P 4EE R T '8 110 mg kg 0 @ 45403 BOR AR JE AR T ' 32 mg kg (TCS10)
113 54 mg kg (TK9) » Am A4 B ERH - RFHP 45k R 7 % 29 mgkg
'(TCS10) > TK9 # 3 ;2§ P A% 1 (Fig. 2) > 3P 2% B IER B ¢ 3 BAsoehs it
Vi ARz oo A ¥ o HE IJj'»\xE‘."-p\wE‘.m«‘f"sﬁﬁ-a- 0

42
Yang, C.M., Juang K.W., 2015. Alleviation effects of calcium and potassium on
cadmium rhizotoxicity and absorption by soybean and wheat roots. J. Plant Nutr. Soil
Sci. 178, 748-754.
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Fig. 1 W SAL 952 S¢ 40 10 5L a4t (a)dE(b)4n(0)F RIER ™ » 453 12 50%7%
Mk R (toxicity indexes 50% effective activity concentration, EA50) 15 it -

Fl 2

750 m w22 "
EE & (a) & (b) S 2 ()
E & ] 5 2
Em:- ;, g‘w a 2‘)m # & Ao rwmam =
< N k- TETT—a b - y
H § s .
% 150 = 3 1% i~ g 10
:, . HE £ o
z E 7
£ £ g
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Rare earth oxides as tracers for studying aggregate turnover: bridging
soil physical and biological processes

Xinhua Peng'*, Qiaohong Zhu', Zhongbin, Zhang!, Paul D. Hallett?,

'Sate Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese
Academy of Sciences, Nanjing 210008 (China)

?Institute of Biological and Environmental Sciences University of Aberdeen Aberdeen AB24 3UU,
UK.

Abstract
The decomposition of soil organic matter (SOM) generally improve soil aggregation.
However, the biophysical process is not well understood due to the difficulty in tracking
the aggregate turnover pathway. This study used a combined tracer approach of
isotopically labelled carbon (C) and rare earth oxides (REO) to determine soil aggregate
transfer paths following input of organic matter. A model quantifying aggregate turnover
rates over time was verified by a controlled incubation study. Four natural soil aggregate
size ranges (<0.053 mm, 0.053-0.25 mm, 0.25-2 mm and 2-5 mm) were labelled with
different REO tracers and packed to form a composite soil sample. The organic input
was 1 mg 3C g soil of *C-labelled glucose. There were four treatments: i) soil without
REO and "*C as a control, ii) soil labelled with REO, iii) soil without REO but amended
with 3C-glucose, and iv) soil labelled with REO and amended with '*C-glucose.
Aggregate stability, REO concentrations, soil respiration and '*C were measured after 0,
7, 14 and 28 days incubation. REOs were found to not impact microbial activity (P >
0.05). Based on the 84%-106% recovery of REOs after wet sieving of aggregates, and a
close 1:1 relationship between measured aggregates and model predictions, REOs were
found to be an effective tracer for studies of aggregate dynamics. A greater portion of
aggregates transferred between neighbouring size fractions. The turnover rate was faster
for macroaggregates than for microaggregates, and slowed down over the incubation
time. The new C was accumulated more but decomposed faster in macroaggregates than
in microaggregates. A positive relationship was observed between the '*C concentration
in aggregates and the aggregate turnover rate (P < 0.05). The relative change in each
aggregate fraction generally followed an exponential growth over time in the formation
direction and an exponential decay in the breakdown direction. We proposed a first
order kinetic model for aggregate dynamics which can separate aggregate formation,
stabilization and breakdown processes. This study demonstrates that REOs can track
aggregate life cycles and provide unique and important information about the
relationship between C cycling and aggregate turnover.
Keywords: Aggregate turnover; Modelling, Organic amendment; Rare earth oxide; Soil
aggregation
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Effects of in-situ applying poultry-litter biochar on soil quality and
growth of water spinach

Hung-Yu Lai">*, Shan-Li Wang?, and Mei-Ping Cheng*
"Department of Soil and Environmental Sciences, National Chung Hsing University
Innovation and Development Center of Sustainable Agriculture, National Chung Hsing
University (ORCID 0000-0002-9866-0706)
3Department of Agricultural Chemistry, National Taiwan University
“Livestock Research Institute, Council of Agriculture

*E-mail: soil.lai@nchu.edu.tw

Abstract

Two pyrolytic temperatures of poultry-litter biochars (PLBs) were applied to the
soils of croplands with four consecutive harvests of water spinach (Ipomoea aquatica
Forsk.) to assess the effects of PLBs on the soil quality and the growth of water spinach.
The experiment results showed that the soil pH values of biochar-amended soils were
increased in comparison to the initial values. The electrical conductivity values, and the
concentrations of extractable inorganic nitrogen, exchangeable potassium, and available
phosphorus in the soils drastically increased in the 0.5% and 1% biochar-amended soils.
However, most of the significant changes in the soil disappeared after four consecutive
harvests of water spinach. The shoot heights and fresh weights of water spinach were
enhanced in the soils amended with PLBs, especially the one prepared at 350°C.
Nonetheless, the application of poultry-litter biochar at 1% resulted in an imbalance
between calcium and magnesium in water spinach.

Keywords: cation, in-situ, poultry-litter biochar, soil quality, water spinach
Funding: This research was funded by the Council of Agriculture of the R.O.C. grant

number 105AS-2.4.3-AD-Ul, 106AS-2.4.3-AD-U1, and in part by the Ministry of
Education, Taiwan, R.O.C. under the Higher Education Sprout Project.
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Changes in soil properties under Eucalyptus plantations relative to
Pinus massoniana plantations and natural broadleaved forests in South
China
Shuangshuang Chu!, Douglass F. Jacobs?, Joshua L. Sloan?, Li Xue', Daoming Wu' ",
Shucai Zeng'**

(1 College of Forestry & Landscape Architecture, South China Agricultural University,
Guangzhou 510642, China; 2 Department of Forestry and Natural Resources, Purdue
University, West Lafayette, IN 47907-2061, USA)
*Corresponding author. Tel.: +86-20-85285930; fax: +86-20-85280047

Email addresses: dmwu@scau.edu.cn; sczeng@scau.edu.cn

Abstract

The ecological effects of Eucalypt plantations (EPs) have garnered increasing attention.

To understand the effect of EPs on soil quality at a landscape scale, and investigate

whether the soil quality parameters differ due to different stand types, we evaluated soil

characteristics in twenty-one groups of EPs, Pinus massoniana plantations (PMPs) and

natural broadleaved forests (NBFs) across Guangdong Province, China. Both the physical

characteristics of soil hydrology and the properties of soil nutrient in A and B horizons

were determined. Results showed that compared to NBFs, EPs and PMPs had a shallower

litter depth, a reduced canopy density, higher soil bulk density, significantly lower total

porosity, non-capillary porosity, total volume water, and hygroscopic water in the A

horizon (P<0.05). Moreover, total N, available K, available K and soil organic carbon
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(SOC) in EPs and PMPs were significantly lower than that in NBFs. EPs and PMPs didn't

differ significantly in N, P or K content, but PMPs had significantly lower SOC and boron

in A horizon than EPs. Low pH and poor capacity to buffer acidification generally

occurred in EPs, PMPs and NBFs. Both EPs and PMPs showed a decline in soil properties

relative to NBFs, but EPs and PMPs exhibited no significant difference. These results

indicate that some actions are needed to ameliorate potential negative effects on soil

quality in forestry plantations.

Keywords Eucalyptus plantations; Pinus massoniana plantations; Soil organic matter;

Soil acidification; Moisture retention capacity
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Phytate induced arsenic uptake and plant growth in arsenic-
hyperaccumulator Pteris vittata

Xue Liu', Lena Q. Ma'?*
'Research Center for Soil Contamination and Remediation, Southwest Forestry
University, Kunming, 650224, China
2Soil and Water Science Department, University of Florida, Gainesville, FL 32611,
United States

*E-mail: Igma@ufl.edu

Arsenate and P are chemical analogues and taken up by P transporters in plants, with
higher affinity for P than AsV. As a result, P is an efficient inhibitor for As uptake by
plants. Our results showed that inorganic P suppressed As uptake by PV, which is
unfavorable for phytoremediation of As-contaminated soils. In contrary, phytate coupled
with As promoted both P and As uptake by PV, indicating a beneficial role of phytate in
enhancing As uptake. Phytate accounts for a large pool of unavailable P in soils. It is
also the predominant form of P storage in plant seeds and grains. Furthermore, its
production as root exudates has been detected in PV, which contributes to its efficient Fe
and As solubilization from insoluble Fe-As minerals. However, phytate is a stable
compound resistant to biochemical degradation, rendering it unavailable for plant root
uptake. The fact that increased P uptake by PV in phytate and/or As treatments implied that PV
effectively used phytate as a P source with or without As. Iron uptake was unaffected in PV
but decreased in PE possibly due to the formation of poorly soluble Fe-phytate in
media, indicating the greater efficiency of PV in Fe utilization in presence of phytate
than PE. As such, it was possible that the enhanced As and/or P uptake together with the
unsuppressed Fe uptake in presence of phytate induced greater plant growth in PV than
PE. The enhanced As accumulation and growth promotion may help efficient
phytoremediation of As-contaminated soils. Grown on As-contaminated soils with
phytate also has the benefit of no need for P fertilizers during phytoremediation.
Information obtained from this study may enhance our understanding of the As
hyperaccumulation mechanisms in PV, which may be of importance since the ubiquity
of phytate in PV rhizosphere microniche and its potential effects on plant As uptake and
plant growth. This may help to develop strategies for more efficient phytoremediation of

As-contaminated soils using PV.

Keywords: phytate; phosphorus; arsenic; hyperaccumulation; Pteris vittata
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Effects of Water Saving Irrigation on Yield and Greenhouse Gas
Emission in Paddy Rice Field.
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Effects of nitrogen compounds addition on micronutrient uptake by
grass species in a meadow steppe

Feng Pan'?, Liu He-yong!, Feng Xue!, Cai Jiang-ping', Zhang Yu-ge?, Jiang Yong'*

nstitute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016
2 College of Environmental Science, Shenyang University, Shenyang 110044

Abstract: Nitrogen (N) input can result in soil acidification and affect bioavailability
of micronutrients in terrestrial ecosystems. However, it remains poorly understood how
changes in micronutrient availability in plant-soil system under N addition rates with
different N compounds in semi-arid grasslands. A manipulative experiment with 32
treatments and eight replicates, including six N addition rates (0, 2, 5, 10, 20, 50 g N m™
yr'!), three N compounds, i.e., NHsHCO3 (CN), NH4NO3 (NN), and slow-released urea
(SRU), and mown or unmown, was conducted in a meadow grassland in Erguna Forest-
Steppe Ecotone Research Station of Chinese Academy of Sciences, Inner Mongolia since
2014, to investigate their ecological influences on the soil-plant system. We examined
DTPA-extractible iron (Fe), manganese (Mn), copper (Cu), and zinc (Zn), and related
chemical properties in soil, and foliar micronutrient concentrations in four grass species,
i.e.,, Leymus chinensis, Stipa krylovii, Cleistogenes squarrosa, and Carex duriuscula, in
2017. The results showed that soil Fe increased only with increasing addition rates of NN,
soil Mn increased with increasing N addition rates in sequence of SRU > NN > CN, while
nether soil Cu nor Zn was affected by N addition rates or N compounds. Biomass mown
had no significant effects on all the four micronutrients in soil. The uptake of
micronutrients was more sensitive for L. chinensis and C. duriuscula than for C.
squarrosa, to changes in soil properties induced by N addition. Nitrogen addition rates
had significant effects on Fe uptake only by C. squarrosa, on Cu uptake only by L.
chinensis, and on Mn and Zn uptake by all the grass species. Nitrogen compounds had
effects on Fe uptake by C. duriuscula, on Zn uptake by C. squarrosa and C. duriuscula,
and on Mn uptake by all the grass species. Concentrations of grass foliar Mn significantly
increased while Fe decreased with decreasing soil pH, indicating an antagonistic
relationship between Fe and Mn uptake. Mown treatment had effects on Fe, Mn, and Zn
uptake by most of the grass species, but had no effect on Cu uptake except for L. chinensis.
Although grass biomass can output micronutrients from the mown plots, the average
foliar Mn, Cu, and Zn concentrations were higher with mown than unmown treatments.
Our results suggest that soil acidification due to increasing atmospheric N deposition
accelerate micronutrient cycling and potentially lead to micronutrient imbalance, as well
as a net loss of micronutrients in plant-soil system with the on-going grass-mowing
practice in the semi-arid meadow steppe.

Key words: Grassland, Nutrient bioavailability, Plant nutrition, Soil acidification
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Physiological and Molecular Responses of Arabidopsisthaliana
Exposed to Technology-critical elements Gallium

Hsin-Fang Chang', Shan-Li Wang' and Kuo-Chen Yeh?
"Department of Agricultural Chemistry, National Taiwan University, Taipei 10617, Taiwan

2Agricultural Biotechnology Research Center, Academia Sinica, Taipei 11529, Taiwan

Abstract

Wide application of gallium (Ga) in semiconductor devices has inevitably resulted
in its discharge into the environment. To lower the environmental risk associated with Ga
contamination of soils, it is of great important to understand the uptake processes of Ga
by plats. In this study, the physiological and molecular response of the model
plant Arabidopsis thalianatoward Ga uptake and accumulation in plants were
investigated. The primary symptom of Ga toxicity is inhibition of root growth. The
increased production of malondialdehyde (MDA) suggests that Ga stress could cause
oxidative damage in plants. Roots were the main Ga accumulating sites and distinctive
Ga-containing granules were observed to be deposited within the intercellular space in
roots. The granules were determined to be Ga(OH)s precipitates, which limited the
translocation of Ga in A. thaliana. Ga stress induces root secretion of organic acids such
as citrate and malate. The expression of the transporters AtALMT
and AtMATE, responsible for citrate and malate secretion, respectively, were elevated
under Ga stress, so the secretion may play a key role in the resistance of Ga toxicity.
Accordingly, the supply of exogenous citrate was found to significantly enhanced Ga
tolerance of the plant. The overall response to Ga exposure in A. thaliana is highly similar
to that with aluminum stress.
Keywords: Gallium; Arabidopsis thaliana;, Stress responses; X-ray absorption

spectroscopy; Root exudates.

Introduction

Gallium is one of the major elements used in semiconductor materials. As one of the
major producers of semiconductors in the world, large amounts of Ga were used in the
Hsinchu and Taichung Science Parks in Taiwan. Consequently, elevated levels of Ga have
been detected in the soils and groundwaters collected near the Science Parks. The
contamination of gallium in soil and water may lead to its uptake by plants and
accumulation of Ga in the food chain. To our best knowledge, the harmful effects of Ga
in plants are not yet investigated. Therefore, the purpose of this study was to investigate
the uptake and accumulation of Ga by the model plant, A. thaliana.
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Materials and Methods

Seeds of A. thaliana wild type (variety Columbia) were germinated in Petri dishes,
containing 1/2 MS medium. Seven days after germination, ten seedlings per dish were
transferred in the same medium containing 6 to 750 uM Ga(NO3)3, maintained in vertical
position. Representative parameters such as biomass, root length, lipid peroxidation and

elemental contents were measured for the toxicity response in Arabidopsis thaliana.

Results and Discussion

In this study, both the physiological and molecular basis of Ga exposure in the model
plant Arabidopsis thaliana were observed. Seedlings exposure to 6-150 uM Ga had no
effect on plant biomass and only slight reduction (15%) on root elongation. However, at
250 and 500 uM of Ga the fresh weight and the root length was significantly reduced by
nearly 30% and 60%, respectively. MDA production, a measure of lipid peroxidation, was
unaffected under 6-500 pM Ga exposure but increased by 2.5-fold at 750 uM suggesting
that Ga stress has potential to cause oxidative damage in plants. No significant
accumulation of Ga was detected in plants grown below 150 uM Ga.. In addition, the Ga
concentration in the root (1000 mg kg DW) was higher than in the shoot (200 mg kg
DW) under 500 uM Ga, indicating that the immobilization or limited translocation of Ga
in the plant. Roots were the main Ga accumulating sites, which indicates immobilization
or limited translocation of Ga in Arabidopsis. The distinctive Ga granules were deposited
within the intercellular space. The granules indicate Ga(OH)s participation by XAS
techniques (BL 17C, NSRRC, Taiwan), which suggests that the intercellular space is a
possible sink for Ga. Ga stress induces root secretion of organic acids such as citrate and
malate. The expression of the transporters ALALMT and AtMATE, responsible for citrate
and malate secretion, respectively, were elevated under Ga stress, so the secretion may
play roles in the resistance. Indeed, supplying exogenous citrate significantly enhanced
Ga tolerance. The overall response to Ga exposure in Arabidopsis is highly similar to that

with aluminum stress.
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mineralization of Taiwan rural soils

N RN -
liﬁﬁ*?%ﬂ‘ ThRTRE K
Cirr R ELR G R ERRREC B

*E-mail: cctsai@niu.edu.tw

# 2

EF 2R RS w‘*ﬁ,ﬁif*fﬁ s F) 8 B fRE B (400~ 500 £ 600C) " A 4 R T Téu
B RN A (T ko R )Y o I R T SRR E R A
Ficier Rh o AP T AAR PP FHERAFRAT NI E PTERS
*%ﬁ%“’&W@?*%*k??**B*°%ﬂﬁﬁﬁﬁﬂﬁ%ﬁw’Tﬁ4%ﬁ
TR FRSB I ERF £ (mg CO-C (kg soil)!) s Eh 4 i,%’m"'“r}i e dR ez g E R
ﬁﬁ%ﬂﬁﬁi$%Pci%,_&ﬁr%@®ﬂFﬁ4%Cﬁ5%C¢ﬂi#ﬁpﬁ
LR 223 RA L=t 2 R %ﬁ%*cﬂfﬁﬁiﬁ’ii#ﬁfi%‘”ﬁ EAN A TS [ER A et
FEfE L (BN G4 15 s M AR 2 AR A m*#ﬁ)‘" CR IR -
T IER G ol 0 M 500°CE 600 C iR R E T B R E o
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Effects of different mediums on the growth of strawberry mother plant and reproduction of
runner plant
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EE
Sk @A JUR RS AT A A A A MAT 2] 0 6 R s
57 » 62+ 5E TEAE203.0dS/m 5% 0 #HPf F (T-N)R| 2 120-210 mg/L %
¥ o #E%ﬁ4‘fi§@f1m’ﬁﬁﬁﬁ4ﬂﬁ%4*?’ﬁﬁ%ﬁéii§

o Fu S HRF A Y S 7.7-102 6 ~49-108 2 17.9~203 24 0 F RBEAKY AR
AT o
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BETL AR FHEF AR E AN
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mgl 5 R4 00 BB BFF SRS 42myl S A M BEAEARNE S mA K
BB AR AT R B o R B R AN A PR A A AN SR
BAPM A L] A PR BRI ST 0 1624 A # 0 TER 2.03.0dm 5w o Hi
£ (TN)RI 2 120210 mg/L 5 % » ¥ % ik Eaﬁig@tg’aﬁ P ER R R B R
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BESR G
21 2P R F R
TE R&R TR Eil 22 ém ér & F(T-N)
d S/m mg/L
M-1* 6.9 1.35 34 94 345 122 34 15
M-2 7.6 0.977 70 28 190 13 2.9 4.2
M-3 7.0 0.504 12 23 33 33 3.6 16.5
M-4 6.6 0.513 29 22 94 13 2.9 10

3 OM-L: AgdR Y > M2 R > M-3: R R E > Me4r R R o Rl ARfedd DRl e

52 RRP &4 TR

AR RAEH R (ZL) ZF AR (%) BIVH 5 (%) FREARE)

*M-1 185 53 91.8 86.5

M-2 60 11 94 83

M-3 105 8.5 97.5 89

M-4 215 5.5 94.5 89
E3ARATHEEEAR AR TEAP L L2 A EHA2 PP

e A RS TR g Eimit iR 4k & + w ik
= (mm) (cm) NOs-N(ppm)  ( iE/#k) ( 1%/ )
*M-1 30+£08a 155+19b 1,L196+£15b 6.7+14 ¢ 59+ 18 Db
M-2 31+04a 184+09a 1,088 +80 b 8.0+0.1bc 62+ 13Db
M-3 29+05a 203+08a 1,839+364a 102+09a 108+29a
M-4 31+0.1a 186+t14a 1,286+178b 9.4+1.4ab 76 £ 20 ab

RS RPN REIS A5 X V55 %2 0B AL R LT A EfR S RARET ER
LRSI ERERE VRS S I A
ZAFRATHEF R RS RBRT DS L2 LR A2 BT

o AR EE Thg ** Fia it i A4k & F vk
(mm) (cm) NOs-N(ppm)  ( iE/4k ) ( /# )
*M-1  33+03a 160+1.0 ¢ 832+212b 58+12 ¢ 262+88 ¢
M-2 33+03a 166+12bc 793+201b 65+03bc 28.0+7.1bc
M-3 34+02a 179+04ab 1313+296a 7.7+04ab 49.0+ 142 ab
M-4 35+01a 183+04 a 1,176+65ab 8.1+09 a 62.0+138 a
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Study of Genetic Diversity and
Rice Breeding Mode for Low-Cd Acumination
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-

MGET ke AR T AT L AR R K RS T

w3
PIALTA AT UMERRE L AL L o I fER B FRRETG T ARREL A
B 5 ¢ > BN R EEEY R RRORT AL B £ 2 RF AT EAEE . RJfeR

el 22t @ I Y PP A2 AFLX2RXTR A[ALHI AT

98



U AR R AT SO T & ) B T TR R SR RS S & ) R T AR R SIS i R A PRI BT &
BEpL
w0 BATAES T EA S AL oCdT7 AR @ S B2 T 5P 4010 5L
qu+ @-i s L?ff_' l—’f’l—)ﬁ d ’igﬂ_ﬁ’ f 3 piﬁ 1§ T ) I A ﬁxfb B #&‘Efﬁﬁzaf‘ ?ﬂz‘f”‘ é"%; ’ ﬁ
AL R i A ek k o B RAMEERS HnE R Ry
e TH TR R R IR S > o

_j
—

T oo? F10 BLE O X

1% SRR e R TR AR T SR 2 (TR R A e 5 Y 4010 5
Thidhie Mo BT A28 % 7844 ) chqCdT7 H &~ T 00 p. 10 88 5 %
3T %5 ¢ 4010 B qCdTT -
v R

Te? T REE RRRGRERY EFRF TR SRR AAB G TRETFHS
&6 ‘Habataki’ ~ M4F A A AASSE T S B 715 @ T 59 401088~ sl 2
A28 B3TE 5 50 £ 105 qCdT7 % 5 B 546 (%) -
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7 =) | i d——d 062 g Mean within each bar followed by the
2.22 - .| 047
N g3 1 02
1
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Effects of elevated CO», nitrogen fertilization, and inoculated
Azotobacter spp. on rice growth
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waw{a’iﬁi L s (T4 2 - > b f i RBkfe E TR PP Re L 20 A
PHEASEF R F CREART (500 o 1000 ppm) o kR BT EAEEEE F
Azotobacter Fthfr*s * w f87 fo § 3 EEORAEA R 2 BB AL B R T 0 FIEA
K iER-RfEL 2 A I k2 BRI E G 0 Azotobacter FiR{rif & hF s
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Azotobacter 7 £ 3 B - o FULE @ F A L

Hig =k

. ERERL KR iE
W ol TRZ RS ERPE S BOKASE 2 B 2 2 PR Z KA
e Azotobacter RG> E ML FE pER A A vl frd SR 047 B Rk E g
=t FtA(CHB461 ~ CHB475 ~ CHB869) » it {7 2 £ %% -

2. RB IR R
fI* COr kR EHTFREALH CATRIERf - F L RER  #-F PRIERA Y
# &5 500 - 1000 ppm > AR R A F 0 K EE P RE G 3025C o TR 447 F
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Nitrogen fertilization

Panicle weight

Thousand grain

Total grain weight

[COa) Harvest index (%)
(kg/ha) (g/plant) weight (g) (g/plant)
0 9.72 a* 19.4 ab 840a 383a
60 8.12a 203a 7.01 ab 356ab
500 ppm
120 7.2 b-d 17.7b 6.15be 31.9bc
180 6.73 b-d 184 ab 5.79 be 30.8 be
0 7.71 be 17.1 be 6.20 be 34.8ab
60 5.73d 15.0cd 4.55d 31.9bc
1000 ppm
120 6.19cd 15.1cd 4.90 cd 202¢
180 6.60 b-d 13.0d 5.0l cd 274¢c

?Means followed by the same letter within a column are not significantly different according to Fisher’s LSD at 5% probability.

o B U T R A s o R AT I PR &

» a) Dali o M S00ppm-CO . a) Dali _— 500 ppm-CO,
A 3 1000 ppm-CO, 7 1000 ppm-CO,
é 8 1 AB , 40 % -
5 i S AB* £
;; 6 = a é 35 . \ .
z ; a
= 4 b g 30
5 2
E 2 25 b
0 20 .H : .
Control CHB461 CHB475  CHB 869 Control CHB461  CHB475  CHB3869
Azotobacter strain Azotobacter strain
Bl- ~ - §F CRERTHEAT H
Azotobacter ¥f-k fzft € fric fE4p #eeh 2 5F
CR AR H AR A §ORIER T RSO B R F T BB e
5 41000 ppm CO2 B T o Hise § 5725 % £ T30 5 Foa F (- ) JaplX 2 3T
NEAFF RN A ERAF D F CRAILT b E A F WS HA R
& o
~24 g# ﬁ Azotobacter Ftk > % 500 ppm CO2 2 B E—]fiv Bk P OBH Ak AS

g
"
—
g

s fdp #ic 0 e & 1000 ppm CO2 &2 ¥ > 48 Azotobacter itk ¥
® 123248 CHB 869 3 4c e fdn e s 5% > £ 39.7 % (B-) -

H oot dp e
E’zizfé)?*i"‘ P AR gl s FRE Y TR R e AR

BAREB A E S B ge- §F P REUER 2 Azotobacter
LR & 1000ppm B - F LA T 48 CHB 869 FR ™ &

)

ERTIR IR S E A
1‘*#&-7@ i’f kfed &7 i;'
FHRGRE A cfidp ¥ e
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Effect of long-term application of poultry-litter biochar on soil and growth
of leaf lettuce (Lactuca sativa L.) grown in the green house
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L% % — S fBHE 3 i 4e (4 B 12-0.5%2 -1%4 7)) & fiAJLie e £47 - 2 (FEFE
2 fEHPER A S L 41 41 2 37 % o

BEZIERSELR 0 ,ﬁfﬁﬁsﬂ?fsﬂﬁﬁéﬂ\l“*ﬁﬁnv\#‘r%\%‘ﬂ P& ipH(WNV

)~ F

=1/5) ~ ECw (W/v = 1/5) ~ 2 M KCI ¥ 5 Bch$ »clb § BB (48H § 2 A LA § 2 $e
F*l‘%réﬁ+(£1§~é¥ GER - THEZESFMATRKRE - EL ~EHRK-HEL gL
FEAM R ROk R LY KRS 2 65°C M T2 ) S L R G0 o AT

102



"R A SO AR | B T AT AT R R & ) R T DR SO R AT E AR

BEH
Bepik AfRts o AYHF A R 2 ER o

S¥aits

Bd = TE IR 600-0.5% CC-1X ¢ # R EEELH L » . CK ¢h244 cm 2 3
332~385cm His @@ {HF EE LR HFR T - HLEZ LA 0 F 20 L
Sl 57 E RSB B 0 4 5] H_1%:11350°C 2 600°C 3 # 4 2o B £ A W H 4e 58~66%
2 AT~56% 0 e p - gt FREGE R ARG R P e

B PAILT MR PINAFARE M EER RPERE T A
ERTERFEDRL A FZER > HFHE052 1% g2 84T kR € " M EHRF
ZAERRAPH G 0 F 8 CK e 2X~ 05 2 1%ehip i 2 4 Rirg R £ R B4 LR S
Mo L 1T7% M T 11~14% c HEFEA S E A € Flaw* 0.5%8 1%higl 4 &
Ao gk R 4 % HE600°C FLE 4 AT > Bk R 6] 7.4-7.8% o

® i
B#HARELESLR € 50 GEE % 1 106 £ 4£-2.43-Ul)

103



TS B 5 TR RO R T ) & T TR R R TR B R R ) R T AR B A SO A R ARHRE A R fih e T
BEHGm
BBV 2 DH #8734 B T-B T § 1 5 £ kP Bl P

Effects of C/Fe Ratios and pH on Stabilization of Dissolved Organic Matter-
Fe Hydroxides Co-precipitates

Mty g > BRAs AT Fla e BB
PEAEIERRPE X

*E-mail: ymtzou@dragon.nchu.edu.tw

Abstract

Dissolved organic matter (DOM) is capable of modifying the surfaces of soil Fe
hydroxides or even forming stable co-precipitates with Fe(Ill) in an acidic environment. The
aim of this study is to investigate the structural stabilization of DOM/Fe co-precipitates (DFC)
in relation to changes of pH and C/Fe ratios using various spectroscopic techniques. In the
system with bulk C/(C+Fe) molar ratios < 0.65 of DFC, the ferrihydrite-like Fe domains were
precipitated as the core and covered by the DOM shells (DFC structure I). While C/(C+Fe)
molar ratio ranges between 0.71 and 0.89, the emerging Fe-C bonding implied a more
substantial association between edge-/corner-sharing FeOe octahedra and DOM (DFC structure
I1). When the bulk C/(C+Fe) molar ratios were greater than and equal to 0.92, only corner-
sharing FeOs octahedra along with Fe-C bonding was found (DFC structure III). The
homogeneously distributed C and Fe domains caused the enhanced Fe and C dissolution from
co-precipitates. The C/Fe ratios controlled structural compositions and stabilities of DOM/Fe
co-precipitates and may be helpful to understand C and Fe cycling in the natural environments.
Key words: Dissolved organic matter; co-precipitation; C/Fe molar ratios
Introduction

Co-precipitation between SOM/DOM and Fe/Al ions and has been normally found in the
mine drainage waters, aquifers and leached soils. In company with the fluctuation of redox
conditions, organic-metal co-precipitates may also form a strong covalent bond between DOM
and Fe(IIT)(Pohlman and McColl, 1988), which was derived from the oxidation of soluble Fe(II)
as a result of an intrusion of dissolved oxygen. Though partition/adsorption of organic
molecules may occur on the Fe hydroxides, the carboxylic groups of DOM structures supply
rich binding sites to complex with Fe(Ill). Lalonde, et al. (2012) also reported that co-

precipitation between DOM and Fe was an important reason contributing to soil C sequestration.

Materials and Methods
1. Extraction of DOM
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2. Co-precipitation and Solubilisation of DOM/Fe(I1I)
3. Characterizations of DOM/Fe Co-precipitates
4. Chemical Compositions, Mineralogical, Structural, and Surface Analyses of DOM/Fe Co-
precipitates
Results

Associations with Fe(III) can control the stabilization and biogeochemical cycling of C. A
significant decrease in Fe(III) solubilisation was examined with increasing Fe proportion in the
DFC samples among all tested pH values. In the system with C/(C+Fe) molar ratios < 0.65,
XRD and Fe-XAS analyses implied that such DFC samples precipitated as a core-shell structure
(DFC structure I). The ferrihydrite-like Fe domains precipitated as the cores, and these Fe-cores
were covered with DOM molecules as indicated by XPS analysis, which indicated an
approximate 1.5-fold enrichment of near-surface C proportion relative to bulk C proportion.
The association between the Fe cores and the C shells was evidenced by the significantly
decreased peak intensity of the carboxyl functional groups as shown in the XPS, FTIR, and C-
NEXAFS results. These samples also had the least amounts of C and Fe solubilisation, implying
a relatively stable structure in the Fe-core/C-shell type.
Conclusions

While the outgrowth of the DOM on Fe hydroxides at C/(C+Fe) ratios between 0.71 and
0.89 stabilized the Fe domains, Fe hydroxides were subject to solubilisation at C/(C+Fe) ratios
> 0.92 as a consequence of the homogeneously distributed unstable structures between Fe and
C domains. As soon as C/Fe co-precipitates formed in soil systems, such association of organic
matter to soil inorganic minerals increases the resistance of organic matter to microbial
decomposition. Furthermore, C/Fe co-precipitates also serve as carriers controlling the mobility
and bioavailability of environmental inorganic pollutants such as chromium.
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fﬁﬁﬁ PH EC |##%W| N |P.0s|K,O|CaO |MgO| Cu | Zn | Cd | Ni Cr Pb
(1:5) [@S/m) | (%) [ (%) | (%) | (%) | (%) | (%) |(ppm)|(ppm)|(ppm)|(ppm)|(ppm)|(ppm)

BiE 69 16 91 1511310211706 61 |272103(28]30] 1.0
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Identification and Characterization of Soil Limiting Factors to Rice Yield through
Remote Sensed Information
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Tileriog S YT y (a)—mikd 2% | E (b) = 45 & S A8 4
\f;:‘:p Class No Height Weight SPAD Spikelets k_:::y Ig'arin “:;I yield
an ghill!  value m? % 2 ghil'  tha'
20071 H 13 652a 28.1 40.1 4414la 9% 23.Ea 421 9.7
M 20 6i%a 297 9.7 32000b 90.2ab 2282  40.7 650
L 10 589 262 39.1 23719c  883b 2096 373 43c
007M H 15 10962 43812 381 355690 805 l44a  48la 692
M 14 105%b 44.6ab 308 28334b 765 213b  44.6ab 47b
L 13 995b 410b 39.1 19681¢c 736 2086 410b 298¢
20081 H 14 66.5 156 40.5 4493la 9400 218 463 2.1a (d) 2ARIEIE R (08008 )
M 19 694 18 3 32166b 918b 209 438 63b
L 14 694 178 406 27203c  83.0b 19.8 426 46¢
200811 H 11 859 28.6a 385 X44la 922 3 NA 61a
M 28 %01 347b 382 21401b 926a 221a NA 43b
L 13 87 5 389  19695b  8T.5b 1560 NA dle
20091 H 13 705 254n NA 468058 874 232a Sl0a 93a
M 27 728 23.0ab NA 40530b 882 206b  48.7a 72b
L 14 717 2080 NA 28539c 829 llda  41Eb 49¢
; a:the first letter represents yield class in 1st cropping season, the second letter represents yield class )

upgrade (1), down grade (D). or remain at same grade (5)in the 2nd cropping season.

A2 — A TR LSRR R AR

YCC No _ Sand Clay pH EC Lo .| P K Ca Mg Fe
uy — % mg kg’

Hs 6 Tl8a 1L7a 48 L04b 152 0.6 382 755 602 215 591
MS 28 675ab  124ab 49 D84ab 149 006 492 68 620 202 684
LS 3 658ab  134ab 51 034a 166 018 599 716 772 229 566
HD 14 640ab  14dab 5 0.67ab 153 017 579 588 572 183 665
MD ] 621 b 1726 52 0493 149 017 642 605 605 218 653
M1 7 67.5ab  126ab 48 098b 143 017 #3 746 619 213 581
8 670ab 130ab 49 0S6ab 163 018 518 739 608 211 598
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Effects of irrigation and fertilization on the growth of strawberry mother plant and

reproduction of runner plant
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5.3~5.4 % ~ 27.1~41. 8“]‘3:3{ 8.78~9.22 =i o g M F £ G o "F"K“;ffg LR B8
4{%4 TEAFEARAEARBARBENEAT o L AMEEER > MRF L L%
LRREE Be % ;E‘_i\g%umi\grs °
$%¢$
iﬁﬁio%Moifﬂ%?ﬂ*fﬁéﬁﬁgﬁﬁﬁﬁinoﬁ%ﬁﬁiﬁa%
107 E R P HETHE P 0o

e

112



"R A SO AR | B T AT AT R R & ) R T DR SO R AT E AR

BETR R
# 1R YPF L %ELE TR LE(mm)jcd F3
FERa Bkl M(L)BAKE ¢ (Hy# k£ 3 (M)i#iTk §
= 64 Cl C3 Cl C3 Cl C3
RpPokg mm 84.3 176.6 536.9 1,303.3 1,321.1 2,103.1
BEEE mm 1,792 2,976 2,406 4,000 3,072 5,088
E= - M % 4.7 5.9 22.3 32.6 43 41.3

FUEBEATRELRFTAERLE BT 30pHE 0 BET )

3 4] pH EC TN P K Ca Mg Na #-k& #£% &
dS/m mg/L ton / ha kg-N/ha
C3-L 691 3951 3276 174 635 184 95 247 246.7 80.8
C3-H 742 1472 202.6 62 227 70 33 85 1,827.7 370.3
C3-M 741 0955 1214 35 143 43 20 56  3,664.4 4448
CI-L  6.98 44  360.5 110 791 226 115 341 16.9 6.1
CI-H 7.04 287 2185 142 692 101 65 290 531.8 116.2
CI-M 7.16 1618 191.3 68 280 65 32 102 2,372.7 4538
3R E RIS £ 2 AR AN (mm)
IR EJT FiE(em) FELE(em) FE(cm)  AXKGEHK) S EEEAR) 2 FE@plany)
L-7.0 95 a 8.1 a 82 Db 4.6 a 19.1b 733 b
C-1 H94 93 a 8.4 a 8.9 a 53a 27.1a 8.78 a
M-12.0 95 a 82a 88a 49 a 18.8b 6.95 b
L-9.3 11.8 a 89 a 92 a 4.7 a 2990 8.63 a
C-3  H-125 11.0 b 8.7a 92a 49a 402 a 8.72a
M-15.9 11.6 ab 92a 9.7a 54a 41.8 a 9.22 a
Fo4:F v BHIMRAL £ 2 A K #77)(kg/ha)
UL gimE(em) FLE(em) Fiem) ARG FEEGA) L FEg@plan
A-100 89 b 78 b 82 b 4.6 a 22.1 a 833 a
C-1 B-200 9.4 ab 8.1 ab 8.5 ab 4.8 a 224 a 8.48 a
C-400 9.7 a 8.4 ab 9.0 a 51a 22.7 a 7.17 b
D-800 9.8 a 85 a 9.0 a 52 a 19.6 a 6.77 b
A-100 105 b 83 Db 8.8 b 4.0 c 26.2 ¢ 828 b
C-3  B-200 109 b 85D 89 b 4.8bc 36.1 b 8.76ab
C-400 12.0 a 93 a 9.7 a 5.3ab 33.0bc 824 b
D-800 12.5 a 9.5 a 10.1 a 6.0 a 53.8 a 10.14 a
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Mapping Study of Cadmium Acumination Capacity though
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Fig. 1. Comparisons among each TNG71 CSSL with Fig. 2. Comparisons among each TCS10 CSSL with

TNGT71 for root, shoot and brown rice (n=6). TCS10 for root, shoot and brown rice (n=6).
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Abstract
It is well-known that dissolved organic matter (DOM) and Fe hydroxides are important

scavengers of heavy metals in soils. Despite this, little is known about the transformation of
Cr(VI]) and its correlation with the structures of DOM-Fe(IIl) co-precipitates (DFC). In this
study, we aimed to examine the sorption and reduction mechanisms of Cr(VI) on DFC, prepared
with various C/(C+Fe) molar ratios, through batch sorption experiments coupled with Cr K-
edge X-ray absorption spectroscopy technique. The results showed that Cr sorption capacity
increased with decreasing C/(C+Fe) molar ratios and pH values. The Langmuir model exhibited
a good fit when the sorption data was obtained by interacting Cr(VI) with all DFC samples.
Based on LCF results of Cr K-edge X-ray absorption near edge structure (XANES) and Fourier-
transform infrared spectroscopy (FTIR), the mechanisms of Cr(VI) on DFC could be grouped
into two types: (1) Cr(VI) was the dominant species and the sorption of Cr(VI) was the
important mechanisms when C/(C+Fe) ratios < 0.89 and (2) with C/(C+Fe) ratios > 0.89 in the
DFC, Cr(VI) was reduced by DOM and the reductive product of Cr(III) was the major species
as proved by the disappearances of the carboxyl groups on DOM based on the results of FTIR
spectra. Collectively, the C/(C+Fe) molar ratio of 0.89 was an important boundary point,
resulting in sorption or reduction mechanisms in the DFC. This study demonstrated that
C/(C+Fe) ratios of DFC and incubation pH may play an important role of controlling Cr(VI)

transformations and mobility in soils.
Keywords— DOM-Fe(l111) co-precipitates, Cr(VI), sorption, reduction

Introduction
Chromium (Cr) is a pollutant commonly found in the environment due to inappropriate

handlings and treatments of Cr-containing wastes from various industrial activities. Cr(VI) and
Cr(III) are two major oxidation state of chromium exiting in the ecosystems. Because Cr(VI) is
a toxic and carcinogenic chemical with high mobility in soils, the conversions of Cr(VI) to less
toxic Cr(IIl) by natural materials, such as dissolved organic matter (DOM), are an important
process of eliminating its hazard or organisms. The DOM exists widely in the environments.

The interactions of DOM with soil minerals are a common process, which can modify the
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surface properties of soil minerals and control the reactions occurred in the interfaces of
solutions and soil colloids. The DOM can also bind ferric ions (Fe(Ill) to form stable co-
precipitates in a slight acidic solution. The structures of the DFCwere controlled by pH values
and C/(C+Fe) molar ratios (Chen et al., 2014; Chen et al., 2016). The DFC may serve as a
carrier or scavenger controlling the mobility and bioavailability of environmental inorganic
pollutant of Cr(VI). However, the structural change and the reactivity of DFC upon reaction

with Cr(VI) are still unclear.
Experiments
Soil samples were collected by the peat soil of central Taiwan. De-ionized water was used

to extract DOMs from the peat soil, followed by passing the solutions through a 0.45 um
membrane filter. DFCs were prepared by adding Fe(III) to the DOM solution with C/(C+Fe)
molar ratios of 0.62-0.94 and at pH 3.0-6.0. Interactions of Cr(VI) with the DFCs were then
conducted for another 24 h and pH 3.0-6.0. The Cr-containing DFC were analysed by using
FTIR, Cr K-edge XANES technique to study the functional groups of sorbed Cr and speciation
of Cr.
Results and Discussions
As C/(C+Fe) molar ratios increased from 0.62 to 0.94, maximum sorption capacities (Qe)
of Cr on 3DFC, 4.5DFC, and 6DFC samples decreased from 51.8 to 9.6 mg g, 17.2 to 5.8 mg
gl and 18.7 to 2.7 mg g!. For all DFC samples, the pre-edge absorption peak at 5993 eV
became weaker as C/(C+Fe) ratio increased, suggesting the decreasing Cr(VI) proportion at Cr-
DFC samples with greater C/(C+Fe) ratios. Transformations of Cr species on DFC samples
after the Cr(VI) sorption were determined using the LCF analysis with Cr K-edge XANES data
for Cr-DFC samples. Chromium(VI) dominated the Cr inventory on all DFC62 and DFC77
samples. However, up to 98.5% of Cr(IIl) was found for samples containing C/(C+Fe) ratio >
0.89. In our previous study, we found that the other peak of symmetric COO stretching at 1730
cm’! appeared on pure DFC89 and DFC94 samples (without sorbed Cr) but not on pure DFC62
and DFC77 samples. The absence of the 1730-cm™ peak implied the substantial association
between carboxyl groups of the DOM and Fe during co-precipitation processes. After the Cr(VI)
sorption, however, the peak at 1730 cm™' on DFC89 and DFC94 samples also disappeared,
implying the association between carboxyl groups of DOM and sorbed Cr(III).
References
Chen, C., J.J. Dynes, J. Wang, and D.L. Sparks. 2014. Properties of Fe-organic matter
associations via coprecipitation versus adsorption. Environ. Sci. Technol. 48:
13751-13759.
Chen, K.Y., T.Y. Chen, Y.T. Chan, C.Y. Cheng, Y.M. Tzou, Y.T. Liu, and H.Y. Teah. 2016.
Stabilization of natural organic matter by short-range-order iron hydroxides.
Environ. Sci. Technol. 50: 12612-12620.
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the composting of poultry manure : Effect on organic matter degradation and humification.
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properties and erosion potential in a highly weathered soil. Catena 110:225-233.
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ho AEL PR BT

Biochars pH* EC*(mS/cm) Seer(m?g) H/C o/C (O+N)/C
M 6.12 1.29 1.07 0.13 1.18 1.23
M350 9.25 0.82 0.65 0.07 0.50 0.50
M500 9.85 2.53 2.44 0.05 0.43 0.43
MS800 10.06 2.89 51.95 0.02 0.31 0.31

*IpH~ECH&fokt (115 wiv) o

Location Soil series  Sand(%) Silt(%) Clay(%) Texture pH EC(mS/cm) OM(%)

1202721mE,
233306mN Cce 28.2 41.0 30.8 SCL  5.66 0.21 3.8

R AED PR T A AT B2 T

Samples NOs (mg) PO4*(mg) K*(mg)
CK 3.68+ 0.08 3.32+ 1.31 9.86+0.30
M350-10 2.97+0.32 2.85+1.08 10.14+0.10
M350-30 3.16+0.14 3.07+ 1.21 12.63+1.28
M350-60 2.94+ 0.49 2.18+0.73 16.61+0.99
M500-10 3.04+ 0.03 2.76+1.22 16.51+4.81
M500-30 2.52+0.14 2.60+1.29 12.54+1.10
M500-60 2.61+0.06 1.90+ 1.01 16.69+1.08
M&00-10 1.75+£ 0.04 1.92+ 0.66 10.68+0.24
M800-30 0.99+0.14 1.26+ 0.37 12.11+0.66

M800-60 0.56+ 0.06 1.64+1.17 16.43+1.09
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Effects of adding poultry litter biochar, poultry litter compost and their
mixture on soil carbon mineralization and growth of cabbage (Brassica
ChinensisL.) in acidic clayey-textured red soil
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Establishment of monitoring technology for element content of rice based
on the different nitrogen fertilizer rates
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Inoue, Y.,E. Sakaiya,Y. Zhu, znd W. Takahashi (2012) Diagnostic mapping of canopy nitrogen
content in rice based on hyperspectral measurements. Remote Sensing of Environment
126: 210-221.

125



R R A €, B T R RO &, B T IR RO e R R
BERRER
"iﬁ“‘ﬁq A RREAFRER ]S FETIFR
Evaluation of the Growth of Brassica campestris L.with Different Biochar
Addition in Two Soils
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Lehmann, J., 2007. A handful of carbon. Nature 447, 143—-144.
Lehmann, J., Joseph S., 2009. Biochar for environmental management: science and Technology,

EarthScan, London. pp416.
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Testing the lettuce model in STICS on the Simulation of Iceberg Lettuce in
Central Taiwan
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T2 HEMEF T2 TR HREFEFREF LB AR (X 1) BREHZ S
BORIERG DY 24 pBfE2mH o B 3N R E Y R T R T H
W2 R RIS S E RS RT ) B AL RN E G RS S F 0 8 1‘3—%&
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250 B A 2 > L BHIFRZ 3 B IREEET > STICS #5538 % & M Ap ke 2 mrm;a
Bk A g 2R R BT S R L—r/? BREFFELAEABRLNE -2y
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Source RMSE ME D EF Slope R?

Leaf number, no. plant!  4.06 -1.45 0.96 0.87 0.73 0.92
Leaf area, cm? plant™ 1430.11 -278.05 0.91 0.70 0.79 0.72
Leaf Weight, g plant™! 6.54 2.87 0.84 0.60 0.53 0.74
Stem weight, g plant™! 0.50 0.17 0.79 0.53 0.43 0.66

Root mean square error (RMSE), mean error (ME), Willmott’s index of agreement (D),
modeling efficacy (EF), slope and R2 value from linear regression
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Evaluation of the influence of different feedstock materials on sorption of
cadmium and chromium by biochars
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Abstract

The main purpose of this study was to investigate the persistence of fungicides in the
environment. QSAR using four reactivity indicators was constructed to predict the degradation
rate constants. Both polarization and chemical potential affect degradation in soil. While the
maximum electrophilic condensed local softness is the most important descriptors. This
approach provides a basis for interpreting chemical interactions between fungicides and
environment.
Keywords: Fungicides, Persistent, Quantitative structure—activity relationships (QSAR)
Introduction

In agricultural production, humans often use pesticides to ensure stable production. As a
matter of fact, they are persistent toxins that accumulate in food and are at high risk to
ecosystems and human health (Willett, et al., 1998). Besides, the pesticides have a potential to
leach to lower soil horizons if degradation in the soil is slow. Monkiedje and Spiteller (2002)
investigated the sorptive behavior of phenylamide fungicides. In their study, adsorbed
fungicides were not firmly retained by soil particles, and their adsorption was reversible.
Previous studies on pesticides reported that soil colloids could affect degradation and
persistence (Khan, 1978). For these reasons, the current study investigates the impact of the
electronic characteristic on the persistence of fungicides by setting up the QSAR models.
Materials and methods

The ksoit values were calculated from the half-life of the literature(Tanji and Sullivan, 1995).
The calculations were performed using the Gaussian 09 software package. Initial geometries of
fungicides molecular were optimized at the Austin Model semi-empirical level and without
symmetry constraints. Statistical analyses were conducted by usin IBM software (SPSS
Statistics, Armonk, New York).
Results and discussion

The multiple regression results for fungicide degradation rate in soil is listed in Table 7.
The scatter plot (from Equation 5~8 ) is shown in Figure 2.

Through partition, hydrophobic fungicides uptake by soil organic matter more than others
hydrophilic. As soil organic matter extract fungicides in the soil solution. Thus, the partition is

the main mechanism of fungicides in the soil degradation (Senesi, 1992). The hydroxyl groups
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(-OH) and carboxyl groups (-COOH) of fungicides appeal to the -COOH of humic acids.

Thereby reducing hydrolysis activation energy (Choudhry, 1984). Due to the greater polarity of

water, clay surface is surrounded by water rather than fungicides. Hence, the main reason why

the persistence of fungicides rises is that it adsorbed by organic colloid (Bailey and White,

1964).

Conclusions

Results of this QSAR study theoretically confirm the interactions between fungicides and
environment. Utilize these models to investigate the mechanism of persistence is appropriate.

Fungicides contain N heterocycles result in increasing persistence. Mechanism of degradation

in soil is affected by the covalent bond and van der Waals' force. Fungicides interact organic

colloid by the covalent bond.
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The values in parentheses are 95% confidence intervals associated with each coefficient.
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Effects of adding poultry litter biochars on the growth of formosan sweet
gum (Liquidambar formosana) seedlings and soil properties in acid forest
soil: Results of two-years experiment
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Song, W. P. and M. X. Guo. 2012. Quality variations of poultry litter biochar generated at
different pyrolysis temperatures. Journal of Analytical and Applied Pyrolysis 94:138-145.

146



"R RO AT SRS & ) B T IR ORI & ) R T AR E R S O o R AR I R R A B
B
v 2 et 13 g > -» 2. = ’ 2 7
e A RAR S oA AR rE & Fh e 5

Effects of Trichoderma asperellum on nutrient
uptake and Fusarium wilt of tomato
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