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Determination of TP forms in soil/sediments via applying HCI

P'1 4 extraction and HF methods

1. Introduction

Phosphorus (P) is an essential nutrient for
primary productivity in the oceans. Understanding
and quantification of P forms are important to be
able to predict future ecosystem changes. Several
methods have been developed for the
determination of TP and P forms in soil and
sediments such as: HCI extraction, HCIO4
digestion, and HF.

Most of studies separate P into: Fe-P, organic P
(OP), acet.-P, and detr.-P (e.g. Berner and Rao,
1993). However, determination of TP using HCI
extraction method, could lead to underestimation of
TP contents and misunderstandings in the
(bio)geochemical transport mechanisms of P.

2. Methods and materials
12 samples of soil and sediment were collected
at the lower reach area of the Tone river.

SO

Fig.1 Sampling map
Samples 1-7 are bank sediment samples, 8 — peat land
soil, 9-10 — soil samples from Tsukuba mountain, 11 —
agricultural land (rice field), 12 — Tone river sediments.

The original sample is separated into three
weighted subsamples (A, B and C). Subsample A
is extracted with HCI, which represents OP form.
B is ashed at 550°C for 6 hours and then extracted
same as A, represents TP extractable with the HCI
method (TPHCI). The difference between A and B
subsamples represents OP form. Subsample C is
extracted with the HF method. This represents TP
in the samples.

3. Results
Comparison of HCI and HF methods show an
increase of TP for all samples (Fig.2).
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Fig.2 Comparison of TP concentration measured by
HCI extraction method (blue) and HF method (orange)

The difference between TP extracted by HF and
HCI methods is mainly represented by P bounded
with silica (Si-P). TP concentration in samples
3,4,5 and 11 are 1,06 for samples 4 and 5, 2,36 for
number 5, and 1,48 g P/kg for sample 11
respectively. This is much higher than common
concentration of total P in soil, which is between
0,2 and 0,8 g P/kg. In most of the samples, the P
forms breakdown shows that considerable amounts
of TP are represented by Si-P (Fig.3). However,
samples number 9 and 10, taken at Tsukuba
mountain, showing the lowest concentration of Si-
P (0,21 and 0,26 g P/kg respectively). This
variation in P forms composition might be due to
different reasons, for example geological
conditions, suspended sediment interaction,
sediment type variance, difference in soil types,
biological conditions at site, presence of
agricultural lands and etc.

3
2
»
1
[eT4]
0 =1 N | .

1 2 3 4 5 6 7 8 9 10 11 12

Fig. 3 P forms breakdown: OP (blue), Fe-P
(orange), Si-P (grey)

4. Conclusions

This preliminary data shows the importance of
correct differentiation of P forms. Determination of
P forms is a key step to be able to understand
(bio)geochemical transport mechanisms of P.
Further studies need to be conducted.
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hw'\)—'QC’E
O OO O O ON

K1 xS (7’DJI~) &
20201288, IHD S EhE—
HRERDOD S (KZFE60mLL
EDRA TS A 4#5E)
XEPOYHETHFZERE (m)

2020 4£ 8 A LA
WLz e, &
AT Hh
X, BUEFEIC RS X R
I, ZHEBEKER
BB I OEE

FENETNKEOSMBLOWIE E1m & LT,

40

Eﬁﬁ%

SR (EEEBRAT) |
REEEWIR 2 AR

Jib

3. @R

ALK TR 90 m (21T % EfE DO 1%, 2020 4% 8 H
FAIZ 2mg/lL & FEISZEFIREE 720 . 9 H TA)
2 0.5 mg/lL % Tal % MR 2 8 L7z, DIk,
B, BEEFROKEE BILR L, KETOMIZEL
7o 12 H DJEE DO DA # X R~d, AfEHR
REEITEL B0 % 1A D /KIE 60 m DEEIZH W
THElH s,

A DR ST R B E1T, A 8 e
IZBWT 11 A LAET, @R L0 ABEE
(2 10 ) BN A R F-RE~ 2 0T o DN ARE L
HEEIE A CTH 7223, 11 A 24 B2, JEE DO 28
0.8mg/L L TN EH LI—FHT, &0 An 2
MR 2 50 0.025mg/L, < > 5 > A3[F 10 f5 0 1.57
mg/L & 72 B OR RN ER RSV (FIRFZOFES
TUoEST bR ENT, < T IRIBIEREN K
ThHoTel, & ADEIMNGII R DR AFETH -
Too T O%, FPRAVRZEIMIEIZM, 12 A
ANCIEATE & A EE O SELENE 22 2RV VE &
720 OFITE & FRRAE (0.005 mg/L) il & 72 > 7=,

4. EER

11 A 24 HOJEE DO O3 7 EH1E, fREH
ATOZFEHIEIZ L 0 KT OKDA B &, —FEAYIZ
DO N EHLI=b D LRI, KiFREDOHNIC
£520 A0 EFITAKEE 80, 85m ETH AL
ZEnD, WHLTE0 MBI S Uk b L
T2 2 L DRI ST, 1979 4R OFIABR MG LIKE Tl
1986 4= 10 A 2 HIZJEK/E DO 28 1.2 mg/L ([Z/K F L7z
BT 0 ADSETH @ 2.1 f512 5 (0.035mg/L) LT
W23, OB ABBREY AL TEY | 4
|l & TR 5 KE E@T%ot

R OHATIC L Y . ALK E O ERE DO
%E%tﬁ?ﬁé%%ﬁ@iﬂé_&w%\tém
BOEBREIZL A H L B2 0E Tk LR
HlOEFERMLETH D LE X b,
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1. [FCHIC

TRERINLE T HAETERIL, BUE 0D T
IR T RSN HEAEEO R TH 5, RHE
FIDOWHIZ L DMK DT, 2 KOKKE D%
L THIEED DITOR TR Y | WK OREER
FEIIM D TRV, EDT®, AHETEITE REZE~R
FFAKIBICX Iy ST % (Senga et al. 2021),

BERBESIEEIT—RIC N REBEERHITH
N5, AETEIZHEIWIC LV KA — B BIEREL D
e AR IRT Z L2 X0 | b — BZE D AR S
NBRENDETLLT WS THDL, LLERL, &
KA N HETT 5 TBIC BT B — el
LS D> TR, ZHE TORGIC L B
FEOMZEIL, NOy. AW, mifb/KFIZZEL S
LT ENRESNTND (RS V5 81, 82 [MIR%),

AHFFE TIIWLEE ~D 72 3 5 il b O iR % 048 3
LTI ETEOWK EMBRKIZBITHE Fa
F LT I (NH,0H) OHIE % FHi 2 L1772,
NH,OH 1A/t 0> NH4 72> & NOy~D bt s o> i i
BELTERINLIMETHY . FHgOKIKIZE
WTIHEDOEIT O L L THWHR TV D,

2. MHEARE
2-1. oA

Wik & HEREY) (VIR 0~5 cm) OFRBUL. Fdeis
(St.SC) & XA X N7 Y —2 (StT) 12T 2020
o, 11, 12 A, 2021 4F 1, 3~8 ADORH., o
TR AT > 72,

2-2. NH,OH &%

BEARRHTE (AR S, 2003) 2LV, P
HNOy YTy ) o 7 Akt 57 V@
F% Seppak Cis W — R~V w2k WEREEZ L
7oo WITE 7FET, NHOH % NOy 1Tk L, &F
DA R EFRFICRERE LT, 0%, BOYT
Vb L 545 nm T A HIE L7z, 2020 4 9, 11,
12 AR A2 2 ugN/L TH Y | 2021 41, 3~8
AiE 1 ugN/L THo 7=,

2-3. JKNZAY NH,OH AERRIC 5 % % 5
el e & XA 5 KAL & NHLOH £ D BAfRIC

4]

EXREIELETRIZCET S NHOH OFHZE(L

,RJEEE GROTR - #), 365 %R (BIRK - EsReC) , BHES (BIRA - )

=]
THEAAF GURK - #)

DOWTHRL7Z, St.SC OHEREY) 700 mL % 2 L DR
VU U B =2z Tz, ZHUTHEK Z DTN Z T
JKAL 20 cm (1200 mL) & 7K{Z 5cm (360 mL) {Z§f
ML, iR, BWRET T2 HMEE L, £0%k
1 BRI ST Y 7 LK 2 45 Lz, 1 B
e L, T2 oK L PR O NHOH O HlE
LTz, ZORE, BBRKIZAR—F 28 v 7 & HNT
Bk LTz, BIEH., 2 TOWKEZIRYERE 1 BEFE
L. ZKAZ 0 cm B [IBR/K 1 > NH,OH % HIE L7z,
3. BRLER

5 -
—o— [HIBRK(St.SC)  —a—EIK(SL.T)

—m— fEIPRIK(SE.T)

N w B
N
>}

Concentration (ugN/L)

[

o

— o
Sep. Nov. Dec. Jan. Mar. Apr. May June July Aug.
2020 2021

1. 2020 £ 9 AM i 2021 £8 AETHiEK
(St.T). FEBgsk (St.SC, St.T) @ NHO0HRE

St.SC ORIFRKD NH0H I, 12 A LAMIHRH S
72 (X 1) (1.6~4.0 pgN/L) . St.T D fEIR7K O NH,OH
X, 1 A~7 Alck S 47z (1.5~3.0 pgN/L) , St.SC
& StT OHEFEM I I 1T 2 A LIEEIX R E CTh 5
EEZ BN, WEARKIZBOW TR, R L TS
ERHENTWARWANREN>T-, ST TEAK L=
WK ICZERITE S N TV D728, NHOH 234
S THI<IcmbL, WHETL LTRSS,

2020 4 9 H ~2021 4 6 H £ TOHIA D NH,OH
IREE & BRELINF O HER s 21T > 72 & 2 A St.SC
DRI & WK O NHAZIEDOF BN AL B A7z,
NHOH A= ffi%, ML DIE Th H NH IS KA S
HiEZbBN, £7-. StT OMIFRK & IEFREHREA
FEEIZIEOFBN R STz, 5B T Tk, ik
DT LT WD EE X BT,

IKAEAY NH,OH AR IZ 52 D B D\ CILBIE
Bt TH 5,



P-18 BEMBO-OMICEITRABHEAI VEELE
KEH SO EE
NS EA, PEARE SR, G2, HE—F (ERK - BREEARM),
WHES (REK « AE 'Y 2 —), BIEI— (ERESK - RERS)
1. ZCHIC BARPEONT, 2, fithDF 1 B HFHEREDF

E%kﬁ%%%ﬁxv%é%ﬁy/mm)m\ﬁﬁ
RILHBRIE P CA X VAERBEIC LV ARSI NS,
lvmnﬁ@fﬁfétbmi e R E ik EL
LT NI D, MIEOHEREY F T < O CHaVE
RENDAREENDH D, TO7=H, HANO CHEH &
72D b OPHEEZ & O T 2 2 &L B NE
EEZDLD, ZOREMRERBEEN#E LW LR Y
NHBBRETIEE Fn TR,

AWFGEIE, ToDMBASE TR S LV EIR (FE
Hidk) RGO MICI T S CHENE & Z D
HEOGRERALMNCT LI EEENET S,

2. HRF&E

BEEE TN 36 DT A B L, CHAEKRD &£ 5
HEHCEAKTE 2 3 [y CTEME L 7= (2019 4 8 A
SH, 8 H22H, 9A 12 H), &-DUMIREL3 T
MBRY ATy TRBKERIL, B CHEABRRR
£ (DO) E/KIRZME Lz, #BHE, %%%Wfﬁ
Ay na~ N7 71280 A CHAREE %2 o8 LT,
‘%@ﬁﬂi%ﬁ/amvb777_;o%@%f
AT IRE, BABEBREFC L VI AR SE
(DOC) WEZME Lz, I HIT, A7 CHRE &K
1756 O CHa R DO BIR A~ D 72 NI
Mz x5, ERRowKHEL e TCT7e—T 1
TF X NR=L NL—=RABATF T4 =% H\i=
KIEINSD CHa 7 7 v 7 Affid % 2 [T~ 72 (%
0202145 A 31 H,7H 13 H),

3. R

2019 EFRA O 7= it 36 17 O T CHall FE 135
0.395(umol L)Y TH ¥V, EEEWIH LEEE O CHLEE
0.031(umol L''; Ttoh, unpublished) D) 12.7 1%, iR#41H
06L49%umMLﬂ1wmamalzom BLM)IZ VLT %
BETH -T2, ERkm?)., #EEE%). KECC).
CHa(umol L), DOC(mg L"), #il#(SO4 : mgSOs L),
i (NOs: mgNOs L), 7 > =7 A(mgNH: LD 8
HEHAZEHE L CER T &2iTo72A, K1 O

¥ CH4EFE 1T 0.59 (umol/ L) & BB IR E Th » 7=

W2kt L. 8 BB FHA T 0.03(umol/ L) & K& 72
ZENH BT, Kl b OFHGERE L 1 [F B OF
10.1(2.0-22.6 nmol-CHs m?2 s Hh) TH - 7=,

-4 2 0 2 4

04
&
<]

o
o
30
36 : a1
73 Q&E 715

o _| 23 LAT 39 98 =
g 45 7% 7
& - 88" 10

0.2

83

-04

37
T T T T T

0.4 02 00 02 0.4

PC1

1 8% PC1, #t#h% PC2 &L=
2019 FRABDHMDOERS NPT RERROBAE

4. ER

TR IHAER LV . CHak SO+ NOsIZA D BfR
PR GBI, BREEE CCPE O A R LY e i CIR AT
AR VRERNELS D BN, -, miE, i#
FRE CHAZZENENIE, ADORRBRBEINTZZ L
MH, BE (DWIEDE) MTb T Wil TR
CHLRFEEN @ < 72 B AREME b RIB S L7z,

A TH O N 217 CHARE D ZETOW T 2 [ H i
HEOERT L ERIZRKEAENTWTE Y, EERICE
DMLORRE BRI D Z & TIERE OB A 2V BRE
~HHENTZREEE 2 SR, 1B OKE CHajL
HEICOWTIE, ZNETHRESNLTWDKENSLD
HUCILEE T 20 S HICKRE S R D AREMS RS
72 VAT CHaRE & ORI OW T HIRHIT — ¥ %
BOTHET S,

42
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1. [FCHIC

HTFKIZE DU ARREX O - v - R Eo
N R AERER I B MAT TR REME D B 2,
KIZBT DY L OFBOMNITEE CH D, ZihE
TOMIET, IEFITHBED Y VEEREY > 15mg/L
23 RURHER ORI i R /K TRt Sav7zhy (1 H, 2015
& L), U 3G S DR JOEDK
B DO XD » Ty, HITFAD Y ot
X, B EISOEW LA % STHEREY, BBt oW
ROy, REEW, T v T DNER ENEZ BIVD
(NBF SR, 2017), Lo L, A OfEFER R ERIC X
% U O, RIS Sh Ty, 22
TARHFIETIE, HARRE KOV Uik aEieS £
S FE RS EREL, BIREIZIRD A =X LE R
RET D ZEEAME L,

2. MHEEAE

H AT EHING 10 >OH: 7T 2019457 A, 11
H,202041 7,8 4,9 H,2021 4 4 AIZHE L 7=,
PR HI AP, A2 X, B X, e Affi X, 52 X
ARG X, T, X CTH D, T OHF OBERE
13569 20~1500m Tdh %, BIHLTIZ pH, DO, EC, /Kif
ZE LT, EBREICR bif - 723 HE, GFIF 7 «
IV —% FAWCER L 7o, MR Lz, U v
TAREK, 7 A WA HIET, TV ) EEHEET,
FEAF LU EA A I~ N5 7 TRHE LT,

3. BREER

10 FEFTOBIK S D U R TY 00-34 1 molL
Td o 7=(Fig.l), AR THIE SH T miRED
34 pmoll %, ZH E TITEIEE O & L THlES
NTWBELIUEEERDO9 1 mollL@Er A 5,2017)k
HEWEETH T,

B U UERIEE AR Lz SHuSoRE (B, @,
@) 1% SO EFEN 0.0 u mol/L D7-, FITHI2 B
RizholobEx b5 EAEICEREE ), &
BREE T O, SRt OIAEIC K0 U syt
% (75 JHg, 2015)7= &, BRER{L47> © O i D3 i s 72

43

RRHAOHMTKIZETEI2RHRE) VEBOERE A H = XLORHT

b

*hE E (RLK- R B K-

8
i

R (

U Ui bleb LIEERO—2EFZ b,

Mg

Fig. 1. HHIE DY VERA A L IRE

L2 L, I@ITi7R BRBEICI VT ligk s U Ul
EO BRI 22 o7z, AU, MBRETIZE -
THR SNt A A L 8-A F o BEE LT
FES, B bgkE LT LT B2 b b,

— 75 T, HIE TE o To OB 2 BR< 6 &
AT D H S DORNCIE, 7 VA U EE L Na eI IEDOH
BNAS N, F-T7 0 L U e (Fig. 2)
R Natd U VBRI S IEOHBER AL -, T L
71V FEE NalZam ADRYLOFRIEE 725 729 Bk
(2 & o TY VA S ATREPEDS BV,

IS
(<)

y=2747x-1.4303
R?=0.9461 .

o®

U LA AV RIE (umol/L)
=R NN W W
o v O Ut o v O wum

0 5 10
7 -7 Y FE (mmol1)

Fig. 2. 7 vH U R L ) o FE OB

15

PLE XY, U U BRAEIRE IS £ 2 H TR
{EAEHOEITIZ L - T VRS SEEHL TV D
LEZDOND, Flo, AW E ) CERE OBMRIZ
DT DOCJIEDELE ZHED D Z & DA %O E
Th D,
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1. EC®HIZ

AROL Y RF—%7 v 7 CHapfaiil I AFIC
F8E D LT Aldrovanda vesiculosa)lZBIFE, ME—
DBEAMTH HEHERPETERFBICAEFTLT
B RORKRTLEMIHBIREIN TS, EE~FE
IO TKETH > R BEIXRET 2 BB L%
GOTIRERBIZI UNEFL TS, ZNETA
U EITER A AN ERNC LD BREUTE E LR
ST A ORR % 7o (RFETEENIZ K 0 BRBUTL E
BB > T 5, BOKEORHME LTHEEY
Baagh, G0Ny ARERES . TR LY
FEIZE o THEMETH D AR EV, £ 2 T
WFRIT LT FEIZHT DI T A EFORIIC
5.2 D IEMWE DR A BFE LT,

2. MEELAE

LAUTEIZRORRTESMRRESNTEY, A
A CTl/INED AV T OB Z BB L T/KIEAKT
Peidth, bbb ERELEZ AN 1L B —F—ITK
EAKT BTG RZITo72, 20%, ERIRE
PIEIFEE CHE A RA T OMEEE A2 JE L, 8
BT ETITERFBAKRE AN 1L B — 0 — 2B
LT, 200C—ED=IRF L OV LED YJRIZ L 2B %5
(G SR el 5] = S Dy

KESEME LT, RANBEYE O T 7 IVRER
DIREDEENOTANRT, KPOTIN T AAF
LA A DPREL—E (Ca 70 mg/L, Fe 4 mg/L)
IR LIEEHR N ARy 7 A - UFHR)
D7 NARE GO RRERM Uz, kil L
TEEFHE DK (Ca 88 mg/L, Fe 0.055 mg/L) % A
WRERER AT o 7o, HKOFEHE LTiT Ly
VAT DM TR T A FVREDED,

ZNENEEFRB O LV F OO E &% 1
JE L. 120°C « 20 WFfE]REIER . 36 K OWIHEE L 7oilkl 2
IM R R CHEEh i L C ICP-AES (2L 0 AP E1k
NOANT T NEGROGEHEREZ ST LI, -, %
D EREIB OB DN T HRiEk L7z,

3. #ER
YT EDAEF RN

44

BHRHEVLSTEDEBRRELERRICEZDEEVEDHR

(BERY - BRED I & (RERY - BRED)

G (BERY - EHH)

TIRBOBEANIC LY LA FEDOME & Ein
OEMD DT DNAEE S L7203, KEIZ L D3NV
ﬂi (1: /\/ EEA Ej’[ﬂfﬁﬁ)/) f:o

LT EIERND LY T L LSRG RO

M LIIEREROMRICE 5 7V RBREICE -
TATFTEDHINT T LA T RPNGENDE L
2R LI DTHY Z7VBRBORND L
U AAF ORI A Loy, RO FR O
1, 000 f5A R & 500 AR L 72 B I A B 21T A S
NI olz, 2B, FRFEAKIZEDERTITLY
FTEDOANT T LNEFENRZNLD 10 HRE L&
Mode, ZOFRKIEA LTRSS, BRSOk
BEXLELEEHWEDIZEKELTAOLY T A
AT O AELE LIZATREE R H 5, RIC, LY
FTEOHEGHEL L UL 7 VABBENE W &K
<Mz HNDMEAICH -T2, BRWNEEIXBAKRD 77—
A L[AZE T 10 mg/eDw FRE CTH o 7=,

= 7
5 6
£,
1
q ,

1

0

1 2 3
RERX

K1 E#EBEOLSFTEDOHI NS T NEHEOHEN

(L7 ViR ERZR L, 20 7 VARERIEE 1000 {575, 3:500
BN

4. SEDFPE

— XA . VAR DG E N IIAKEEMED 7 VAR E
PSMEAREEED 7 I VB 2 — IV OFEER &
D IZNOORELNT D, S HICERSFEOKT
DANY T DA T RENT 0SB
DOEfFEL LTALYFTEH S DEIENE & BHESCAH]
ICKREICHIET 2 I OFEN G M EIRE % &
HDTNDZENEZBIND, EFHOREOBLRN
SYVEMERIBIRIZOWTHEHT 5,
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EARTA FTAA (Heteranthera reniformis Ruiz et Pavon)

DERFICHT HEEELE TREKEOZE

* 5N

<A77 TYT R F (BRI - B

REMAAH (RUTEEAS « AT TARSERT) - ERDRE (S E)

1. [EL®HIC

SAXTAAR T AV IaFFXFREOLETHD b
AR T A T A A (Heteranthera reniformis Ruiz et
Pavon)iL 7 A U B OEWERIZE S/KAEMY T, b
DAE"C 1996 AL F ] TN O K B TR L S 41,2012
AT E RN EETOH ) T O K H T H iR S 1
7o AFEITINERTO N THLCREGH LT, MR -
i IR oD K TR O A RN AN BT 5 &
KENEDNBOINERAD 25 EE 24, FEOR
ABLOEEZOILHBBRITWF NI TEDL
PRI AN D0, 2 CRIBOA R
DPRfFE L U THRFFRMITON T,

2. MHEARE

FT. EARTATHA DEFERMDO—DEE N
HEFOEIROMEBDOT-DITINSTICH 5 EE
B - WS AR K B8R A 2020 420> 12 H 23 H~2
H 3 HETEE L, RIZ, 2020 4E0 B |THHIO
EARTATAA BRI, AT 57008
ERFHENTEE LI, BILTCE ART AT A A
% KTEK CHES L, BN TR KB K 2 AL 7= Kl
WCIE L & B 72, AR L7-Fl 1 2 RS . B kia
&P E KRN ERICE 2 BB,
ATALER & U CRILIEFREE T MY 7 A CREZAH
BTV ¥ — LICARKEZ AN DICHE 7% 50
ki AT 5°C, 10°C, 15°C, 20°CTENZEH 30 H,
45 H, 60 HREMRE L7z, S HITY ¥ — LITHRIL
U 72 HHICHRBIKR Z TN L CHEEKRD 20%,
25%. 30%. 40%. 45%\Z725 & O ICHHHE L CRET
% 50 R o8z AL, EhER 30 H, 45 H, 60
HREIERE LTz,

3. ¥R

FEBR 1. HTIRRIRE & e i o 2R

B 113 IR 4 KX ORI IC B8 1T D B AR
TAT A A OFRIFLRE T, FRESMEL IR
N RWIE D D3 EFERITE < IREIL 10CLL T T
IR L@, I5CTHER L, 200C THRIERIL
RHEW, RKOFEFELIT 5CH 60 HMOEFKT

84% . He/NDFEHEHIL 20°C D 30 H DATHE T A% TH
S, AFONNESRTOKE HEEIRE TR S 20em (2
BT I0CUTTHY EARTA T A DN
DIRSIZEH L TOIUERIEICE Lz iFs st <
BHoT=Z L EIRET D,

100

90

80 78

7%
70
70 H =

60 - g -

50 1 g g

FEHE (%)

40 H —

L
30 1 g g
20 - g -

i 1615
7 T
0 A T . — -

N | ] W
5C 10C 15%C

20°C
BrEiHAR - m30R neoR

X1 FEREEOETFORER

458

B 2. BT o HEES KRB OB
B 2 134 A KRB L ORI T 5 5%3HF

RaoRd, EORPEMIH T HREFITLEER FHEE KR

[

30% L ETH Tz, AP 2N R VI &I RN

EVMEAS FL S, B K H HEE KRS | IRE
FEHIM T IN D 30% L ETH o772k Ak
TAT FADFRIFEITHE LI-ITESETH -T2,

UEXY e RXART AT F A ORPERITHEER TH

D, FEFEOFMEIELE U TKAIRIEED 10°CLL T T
TR 30%LL EETe 2 LN TH D

45

100
50 o0 92

920

78 78

80
70 62
60
g 50
ﬁ 40
# 30
20
4 66

10 , 4 4

o = nhn mm [l
20% 25% 30% 40% 45%
TiESKE
BYREHART : w308 458 neoH

X 2 £+TEEKBOEFOFER



P-292 JLEE ISR L F A H =Dk EERES
ORNHRIME  (BERRRT - BEE), |HKIL (UW 7 U —2 LA 2 {FERTH)
A (BEBAE - WO
1. FLEHIC 7o, BREUH O T-He I At 2 & | &)1 T

U FZ WY H = Pacifastacus leniusculs 1%, L7 A
U DFREOHAKEST ) H=Toh Y | FHIETIIFFE
SARAEMITHEE ST WD, MM Th 5 AT, 1F
RIE DRI AR 2 Ol 5 2 & THERRRITK
BEHGZDHZENMBNATND, BT, ZORITAE
MEBEEREL, KELIILOETLAEWEEZE
T 5 Z st ORI THESNL TS, 2D

L, RO BYESZ I LT A EWE O EWER
WRRICEEL LI AREE =T O ThDS, L
L6, ARENICEE LI F XYY T=1Ck
J 2B EWEOERRNRLE DEMHBITIZONT
IZH S22 Ty,

AR TIL, AEWE CEWERMED H 5 KEBIC
HH LU, dLHEEICES LIEAREICI T 2K
FERULE & DR Z TN, S BT, BEE RN AL
AW TSN O M aE T~ vF X% ﬁ:
DIEA DIKEERERITI T 2 KO EMETI
TRELZERTHILAANE L,

2. MHEARE

bHEEN O FE A, ME . BRI, JEREEH, =
P T OBBRE AR Z ATF L, M5 E CHEENICR
7 L7Tc, TRERATIE, KRAEMY Z 8T 5 &3z, f
B2 B O PEEIRGEATIC TIEA L7z,

ﬁ“%ﬁ%ﬁ%@v:;?»%ﬁmJ%%ﬁ%a
F O (T-He) 52 FEARMAELEE (HG-
300) IZXVHEE LT, SFEAEMREIOEFR - REFEL
EFILIAREE (6 N - 6 13C) IXRMLERE, R4
P TE Y v & — O RZERMAKL ST 2T 4
(Thermo Fisher DELTAV) % HWCHllE L7z,

3. BRLER

T-Hg HIEZEIT> T2 TOTFEZY Y H =250
THD e 2R ERBHHAYR T-Heg B & ORI
OB R LN, 2oL &, MEREZ X 5EW
TR LN -T2, ZDZ LIk, BE & RITKERN
FIUH=OENIZERETHZE2ERL TS, &

46

HE <, BRI TR IR o 7203, BBEE D4
EOEVWVHREELI-LDOEZ DN,

UFHEY Y I = BEAHEO § BCAEIL, Y 16.6%0
THY., EREEYEEZ NS RKMEDKAERY
EDET 1% FEE L/ NE o Tz, —T5, 6 BCAEMNME
WEEBFEL, 6§ BC HA/NS Do /e T IR0
E AV AEOEYBEAERLEL TWVD AN R
STz, A THE Do 2KEEMFEIZEIT 5 6
ISNTEB: T-Hg # % & OICIE, A& e EOF BB

OB, FEEMN EH 5L T-Hg BEN L
ﬁﬁ“é LR BN, — AT, KRN —
D EFRFDHE S BN IL 3~4%0 LFH-9 25 L vbiu T
LI, UFHYY T = EKAERBO § PN EO I

S%FEE EREL, ZDZ b, AREITAKAERY
DIAMZ § BN fEO m W EE R LT 5 Al fetEn
R E T,

UEDZ b, UFFH Y T =ITITKRERD L

FIRREICEHIN TR, INEHE T 57k
EMREIZB T DKBOAEMERBEZREIELHD
LTrENnT,
10.000
ENETL
T4 () K
*
YFHFYH=
1.000 PR 4 9757
TFRFY A= ﬁ:\
- Y ki
H LT I &
>~ [
[ ~. . BEX%X
= YF LYY A=
w 0.100
S~
[s1e)
3
™
T S
= AVIE A
SABE
0.010
|
s qrE
FHE THE
0.001
0 2 4 6 8 10
6%°N(%o)
B 1 FERENC AR T 54 T-Hg & 6 1PN ORI,
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EEN-BT38M TS0 FODEE - BEOZEIEIZDINT

ORI, SRR, PADERE, MAELL, RIS (FERE X —)

1. [FC®HIZ

WARIZBWT, IVrafEommr7 7 b
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Trophic status has crucial influence on the relative

requirement of nitrogen to phosphorus for phytoplankton growth

1. Introduction

Relative requirement of nitrogen (N) to phosphorus
(P) for phytoplankton growth is an important indicator in
managing phytoplankton biomass for waterbodies with
various trophic statuses. Recent studies provided
growing evidence that the relative requirement of N to P
for phytoplankton growth would be regulated to
acclimate changing environment, which could be
explained by the differences in physiological functions
between the two elements. In addition, the N and P
relationship in waters was found to be greatly influenced
by the trophic status, with oligotrophic waters tend to
have higher N:P ratios, or vice versa. We thus
hypothesize that the relative N to P requirement should
be flexible under different trophic statuses, which can
have deeply effects on phytoplankton productivity. This
hypothesis was verified using experimental data from

both the present study and the literature.

2.  Methods and materials

A controlled factorial experiment was carried out to
assess the influence of trophic status on the optimal
supply N:P ratios under steady-state growth for three
phytoplankton including  cyanobacteria
(Anabaena variabilis and Microcystis aeruginosa) and
green algae (Chlorella vulgaris). Phytoplankton growth
was monitored by optical density at 595 nm (ODsgs).
Relationships steady-state

species,

between phytoplankton
biomass and supply N:P ratios were constructed using a
two-dimensional LOESS method in R. Additionally, we
analyzed related published datasets to verify whether the
hypothesis is applicable for more phytoplankton species,
including Ankistrodesmus sp. (ANK), Chlamydomonas
reinhardtii (CHLA), Scenedesmus obliquus (SCE), and

Staurastrum sp. (STAU).

3. Result and Discussion
Response of the optimal supply N:P ratios to trophic

*Mengqi Jiang, Shin-ichi Nakano (Kyoto University)

status varied among the eight tested phytoplankton
species, but seven of them showed similar declining
trends (Fig. 1 and Fig. 2). Chlamydomonas reinhardtii
was the only exception. Our results supporting the
hypothesis that the transition between the relative N and
P requirement is not a definite value, but changeable
under different growth conditions, with lower trophic
status leading to higher relative N to P requirement.

The present study considered that P have high
priority in controlling phytoplankton
conditions of sufficient N

growth in
and P input (i.e.,
phytoplankton blooms in eutrophic waterbodies). While
the importance of N on phytoplankton productivity
would become greater for waters with low nutrient input.
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Fig. 1 2D-LOESS response surfaces of the effects of N
and P on steady-state phytoplankton biomass. Results
calculated using data derived from the present study.
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Fig. 2 2D-LOESS response surfaces based on literature
datasets (Frank et al. 2020, Limnol and Oceanogr).
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