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FERFo| A Hol|, BE Skeletonema costatum-Is, Nitzschia longissima, 915 Pleurosigma normanii,
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Abstract This study was designed to assess the water quality and phytoplankton community including
chlorophyll a in blood cockle (Tegillarca granosa) farms in May, August and November of 2017 in the
northwestern Yeoja Bay, Korea. As a result, the seasonal characteristics of water types by water
temperature and salinity were clear. Nutrients were abundant in silicate throughout the season, but
phosphate was scarce in spring and summer, and nitrogen sources were scarce in autumn. The species
composition of phytoplankton community was a very simple distribution, and the standing crop was also
very low. The annual dominant species is dominated by the diatoms, with Skeletronema costatum-ls,
Nitzschia longissima in spring, Pleurrosigma normanii, Coscinodiscus gigas in summer, and N
longissima, Pseudonitschia pungens, Chaetoceros curvisetus, Eucampia zodiacus in autumn. In summer
the results were different from other coastal waters of Korea. The principal component analysis(PCA)
and correlation analysis showed that the characteristics of water quality and biological environments
differed according to the season. Furthermore, it was determined by the supply of materials through
fresh water on land, seawater congestion caused by the refueling of surface sediments with lower depth,
and the balance of biological production and mineralization of organic matters in blood cockle farms.

Keywords : Blood Clocke Farm, Water Quality, Phytoplankton Community, Phosphate, Nitrate, PCA,
Northwestern Yeoja Bay

*Corresponding Author : Yang Ho Yoon(Chonnam National Univ.)
email: yoonyh@jnu.ac.kr

Received May 11, 2020 Revised July 9, 2020
Accepted August 7, 2020 Published August 31, 2020

579



el

R

2 A214 A8E, 2020

=2

—

1. M
QAbsiele 24l cheret 971 8 S71240] £
B BTYRS Uehfolll], ofgoRA A7t
o ohje} 4z

He
o
=2,
l
i
i3

sl =, St gt
S%H6,71. ol=et Agteld
ojsto]x|qt, FA| g ofF A4t
oAl o]FoXItH1]. At o)A SAFo R Fepe] |
d 59 Hol= Wint s thafst ofF, ofqf
AL ES] ARRh A AR o]Qjo& Thekst
GO R o]gE|o], IF9 A 5
AZA APH o R wle- F83ITH8].

7Rt EAejHe] Fa3t AAIERN WK Tegillarca
granosa Linnaeus)2 A5 EEMollusca), olmoi7
(Bivalvia), ®271E(Arcoida), 27T Arcidae)oll <
gt E270 3= 41 ol 71&0] &5k AW 1ol
o}, o] ¥ Tegillarca 49l 8%, Anadara £°l 92%0]
HIEHWoRMS: World Register
Species (http://www.marinespecies.org)=Hol| A=
EZxTol| et o)Qlo| MWK Anadara subcrenata
Lischke), T ZM(4Anadara broughtonii Schrenck),
Zo|F ] ZMN(Anadara satowi Dunker) ¥ oSLE5HA

W Anadara inaequivalvis Bruguiére) °] A14]0]

O

of Marine

BaEE, o] 5% RHRE YEHPY BA ¢ ol
of Tt WE'ol et TOpIEA] 591 ofok SH= 4

EAYoE A= o] QTHEAFIIA] A 2013-1263).

oA goff FdRol fIX|ote] o5yt 9 I EA
W= (ofA)), 34, BT 9 ISRIE(IEHE &
2Rl H2g9] 3t Rt o= wielte] F4RE
5o L0t 9 Jol2 AFd"nh R BE5Re &
Ak} A0 BATRe 7H7 M o] SAHAXTE
A =0} glont, 2003 A0l o] F FARAATLE Tl
U H22 FAEFY| 529 FAoltk. Byl ofzt
oAk ] o muka} AjAdk AbR]o]7]® sitt 11
2 HT o 5= gl Q10 = ofxjgt muto] ik HAL
Sl Ylog 40 d, WAk,

ol

580

A|H8], oFZ] ©gEskA] Yt 181l FEOAoNE F4
o7 ZAWHIlo]| wE mure] tiguAt Hugch
[9-11]. 2012\ T Ao} SelangordF 2] Fak 2%+
oA 30% o th=F HARE dglog Hol HZo] 2|H
= STH12].

AARES ol2fgt AR W SR EAof v
Z 83t sigolu, FA7IA| siFHste] A= FE5)a,
AR 72 9 EHE] AT B[13-15], AESFA
E Hnx AAE A AH16-20], HolYE H7t
(Yoon, 2019), AHLAER] #5o]o] Aef(21,22)2F &
o}, Ajzute] Ao IAE 2V[23-25)7F QAT &
Al sfgol & TE Azt AAHSI I A=
£ o9 Y HoltH26]. E3L, oA BRG] At

o= EE olvigF

=

=2

g
qul

5 2AbgEe] 4 ofgo] et £gd o83} Pel o
Sed wae PAE AAHol A&l sokst

A7 ZHo] a7t
2g710] o] g ofeiat ofxut BAso] meep
o) SheFd B4 % 7124440 wEel A4 9%
2 WAE 1 87 5o Bealet B U AR
ZYaE 299 BE B4 sk A3 B4
so] WA} §Qlef chejAE 1kstel Bopet.

2. M=z

AZRE BAS9Y 487 9 AEEFAE 449
Ex 4L Tl 93t @A 20174 59, 8
4, 119 5 33l AA, Mg 779 mef A
oflAf AAIsElom, o2 B 424 2m ©J5iRl Hafsh
Folth(Fig. 1). 2AR= AFoAZ o]-8ste] ¥HERL7]
BLDE EZFE Aot ™2 FHE GPS
(Gelmean, Germany)2 15t} A55t s+ 3
FARJIA B4 9 AESHIE 3 4o AMESto
1, &3 9 EA4Y AR e vt 2k

2, G, Sigma t, 8EAA(DO), AHLESIE, B
T 9 Chlorophyll a (Chl-a= @4=48 A5-d33
TA(FE Advantech Co., ASTD 102)° 2 AAME
o]831itt. pHE pH meter (Hanna HI 991003), 1
23 8&4k4E DO meter (YSI, ProDSS or YSI 30)
2 oA A FAoloitth 191 JUud FEA
Lo, oAb, A4k, IAHA(DIP), THATES s
500mLE Fe4H AJZA(GF/C, ¢ 47 mm)Z oj=}st



oZqt B8 matojzo] skt B4, 2. 8% 9 AEEFIE #4
=5 vjAgo] ot BEgsgHof Fako] BAetytt 4 9 £45 gAY} AEEHIE BT
27]. 282 &%, 8539, 92 2 &277] Q2 HErRRFY HuzxH) Ax gdn, 93F Ax 29 5
AR} ofasll=g ASAE FYste] BFVIR £ & o]8sto] R 4S8 ST B4 SPSS B
g3tod, TP @ DTPE EA5IAct 249 gollA PP= Al T2 IS o] 83l AFdER AB/ENT} FHES
TP-DTP, DOP=DTP-DIPY] AkHoR AEsiitt EEsIem, 482 +87]9& 7T0%7H1E 71&2
[28]. 3L S5 5 BERE4TQ Seston Weight(SW) 2 AXISIICHR4]. 4 A72 o= BA91H 9 s
£ 350 500 mLE FE4R ALA(GF/C, ¢ 47 mm) SFER U AESHIE EIEHE 459k
£ ol&sto] ofu Ao ZYH HR-EO FARA Aklst ERoA si9S oMt B 1& BRo, 1&ute
FATH28]. of AT FH 29} 3& AR, A 5RO HH 49

AEEHIE 82 25T AS o5 500 mLE & 58 @Roi, 18 A B4R A 63t 78 55
oA o] A45to], Lugol 8HOE HFsL  ofFoR SIS
7} 2.0%7F HEE 1785 th FENE WA Yl
AFulE YR AFotlch. 14T B2 A AA
gitod 2 (pore size: 5.0m, ¢: 47 m)7t F2E St 3. dup u jxEt

28 oj3t7|(Sartorius, Germany)Z A Hoto] Q)5
FZ % 10 mLE 53510 AAANRER AZstct
28]. AAL x=H1E 0.1 mLE 1.0 mm 7H89 712
2 A2 Aol £o] 9l AsTHRigosha, No. 5608-C)

oA AW IEtAS o ohS BRI (DIC) T A=
Fs  Au]ENikon, Eclipse 80)& AR&3tH]

100X~400X HfgolA F2] 4 AE HAlste, &
A AHZY AEez AEFS ST & 82
T=429-33] 2 =TS FskAL, FH2 WoRMS

(www.marinespecies.org)ll S5to] |5ttt

Janggu-do
AN

T
34°49'N

RO

‘ 'Gajird'o‘-_
®Oebu-do :
.
. s
7 ouwudo 7

T
34°48'N

oEung:do’

<.
Namang-do *

T
34°46'N

" 2O Jangnam-do

T
127°27'E

T T T
127°25'E 127°26'E 127°28'E

Fig. 1. Map show to the bathymetry and
sampling stations at the blood cockle
farms in the northwestern Yeoja bay.
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Table 1. Seasonal variations of marine environmental factors in fishing grounds for blood cockle

Seasons Spring (May 28, 2017) Summer (August 10, 2017) Autumn (November 4, 2017)

Parameters

Units Min Max Mean + SD Min Max Mean * SD Min Max Mean + SD
WT T 219 22.6 22.2 £ 0.26 29.4 30.2 29.7 + 0.26 13.9 15.2 14.6 + 0.41
Salinity psu 33.45 | 34.19 | 3394 + 0.24 | 3258 | 3298 | 32.86 £ 0.13 30.97 31.23 | 31.06 £ 0.09
Sigma-t 2299 | 23.63 | 2337 + 022 | 19.84 20.37 | 2022 + 0.17 20.03 23.08 | 22.56 + 1.13
pH 8.20 8.32 827 £ 0.04 8.08 8.18 8.12 + 0.04 7.82 8.15 8.01 + 0.14
DO gL’ 6.44 7.46 | 7.09 + 0.32 6.00 730 | 654 + 045 7.70 7.99 | 7.84 £ 0.13
DO Saturation % 90.1 104.5 99.1 + 4.51 90.6 110.6 99.5 *+ 6.86 919 95.0 933 = 1.13
Ammonia-N 0.03 1.01 0.63 £+ 0.32 0.44 1.98 094 + 047 0.98 1.87 1.20 £ 0.28
Nitrite-N 0.30 0.83 044 £ 0.17 0.19 0.62 033 £ 0.14 0.13 0.30 0.21 + 0.05
Nitrate-N 2.18 6.18 423 £ 1.76 0.99 3.88 233 + 1.02 1.67 3.55 2.64 + 0.64
DIN 2.86 7.04 530 £ 1.73 2.10 6.48 3.61 £ 1.46 3.11 4.97 4.05 £ 0.57
Phosphate-P 0.14 0.39 0.26 + 0.07 0.03 1.00 0.39 + 0.30 0.49 0.95 0.61 + 0.15
Silicate-Si o | 2470 | 3871 295 + 4.27 20.37 32.18 256 £ 3.74 11.60 19.12 16.1 + 2.65
N/P ratio pML 12.08 | 43.47 222 £ 105 3.28 63.12 188 + 189 5.25 9.11 6.88 + 1.15
Si/P ratio 93.46 1983 | 121.7 + 342 | 29.02 | 687.8 1652 + 215 20.21 32.33 27.0 + 3.66
TP 0.64 1.45 1.04 + 0.30 0.74 1.30 0.93 + 0.16 0.62 1.30 0.86 + 0.21
DTP 0.39 0.69 0.48 £ 0.10 0.64 1.15 0.84 £ 0.15 0.57 1.25 0.81 + 0.21
DOP 0.15 0.30 0.22 = 0.05 0.10 0.71 045 £ 0.22 0.03 0.30 0.21 + 0.08
PP 0.10 0.91 0.56 + 0.29 0.01 0.15 0.09 £+ 0.05 0.02 0.10 0.05 + 0.02
SW gl 18.8 52.4 355 £ 14.2 10.8 22.8 17.1 + 4.58 24.4 113.6 599 + 326
Turbidity FTU 18.4 319 244 + 418 10.3 34.2 185 + 82 9.2 39.6 19.2 + 124
Chl-a ugl” 3.12 6.67 423 £ 133 2.85 7.27 4.05 £ 1.61 1.69 2.76 2.18 £ 035

Min : Minimum, Max : Maximum, SD : Standard Deviation, WT : Water Temperature, DO : Dissolved Oxygen, N : Nitrogen, DIN
. Dissolved Inorganic Nitrogen, P : Phoosphorus, Si : Silicon, TP : Total Phosphorus(P), DTP : Dissolved Total P, DOP : Dissolved
Organic P, PP : Particulate P, SW : Seston Weight, Chl-a : Chlorophyll a
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Fig. 3. Seasonal variation of dissolved inorganic
nitrogen (DIN) and the component ratio of
ammonia-N (nitrogen), nitrite-N and
nitrate-N.
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Fig. 4. Seasonal variation of dissolved total phosphorus
(TPN) and the component ratio of particulate
phosphorus (PP), dissolved organic
phosphorus (DOP) and phosphate-P. (DIP).

SE2771ADIP)L F H4:zk 0.03 pML” L HH
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Taojol A N/P ratios & 2224105, o=
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= B 7R Aadol Hsf Qlo] Ay AejolH,
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Fig. 5. Seasonal variations of N/P ratio and Si/P ratio.
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7R 20& 24F0E 7P gsto], #&2FIT 17%
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Fig. 9. Seasonal variations of spatio-temporal distributions of phytoplankton cell density in the fishing

grounds for blood cockle.
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Table 2. Seasonal variation of dominant species and
dominance

Dominance (%)

Dominant species

Spring Summer Autumn
Chaetoceros curvisetus 8.5
Coscinodiscus gigas 7.7
Eucampia zodiacus 5.4
Nitzschi longissima 11.1 33.2
Pleurosigma normanii 53.7
Pseudo-nitzschia pungens 25.1
Skeletonema costatum-ls 60.6
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oJo] FREIST), B} 2ol Fm
%, 241, DIN, Q41%), TP 5 o3 okdo]
54 4T 2] SRS sole A4 B2 £l /19

Chl-a, 121 F3H4 :r?-i ] P normanu@r 9] *C]'
I Holx= oA AEEFIE &40 & 4ol
£ A0Z YedtH59]. E3H TP, PP 52 2 ¥ F7]
FLAT 9 e FET 59 AT vEdo, &
Ao 7191k BEo] M, SWe F7YUYE: =8
Chl-a @ 8% P. normanii®} F°| 43%-& PP 4 &
94 -ﬁ’-}_ C. gigas?t 9 TAE Hetdo] ESEHE
o] AR dFol ZA UEETHS8]. Chl-a @ 93
2 P. normanii= 2, dEUold, A @ PPel=
29| A&, DOP, SWe 49| AT EOﬁl B &
ol 9Jgt 4T A RFEFES AEF T A
Hog I, T 2HE P normanii?}t C. gigas= A
2 29 A4S B, Chl-z00 oA P52
P normanife ¥9) /38E, ALHE C gigase *«]
ATE Hof, A4EALL EE Chl-2° 7|9 sk 2&
o= 2lo]& HAHTable 4 upper).

Table 3. Correlation matrix between marine environmental parameters and biological parameters in spring

WT Sal [ DOs NHs; NO; DIN DIP N/P Si Si/P TP PP DOP SW Chl-a SK NL

WwWT 1 -376 -649 111 -334 752 721 -.072 .636 -.072 .208 -.182 -392 .685 533 -.416 317 .636
Sal 1 949 776 817 -.618 -558 -525 -.127 -721 .049 -387 -.118 -.831 -569 -.200 587 .377
at 1 594 787 -772 -713 -418 -315 -576 -019 -247 .015 -918 -660 -.027 .369 .088
DOs 1 648 -.050 .003 -281 308 -.644 .198 -.653 -.465 -314 -.089 -.447 677 .696
NH4 1 -463 -354 -593 240 -.439 499 -.050 283 -.669 -.461 .111 614 .381
NOs 1 991 -.694 542 492 056 .022 -211 902 .942 -159 .116 311
DIN 1 291 588 504 .118 .058 -.154 858 942 -.112 .198 351
DIP 1 -604 .688 -.813 214 -070 .264 470 312 -.281 -.384
N/P 1 -090 .83 .099 .154 509 357 -311 316 478
Si 1 -189 528 .281 503 617 612 -336 -.424
Si/P WT: water temperature, Sal: salinity, ¢! sigma t, DOs: Saturation 1 240 416 131 -123 -.053 .132 213
TP of Dissolved Oxygen 1 944 125 133 319 -.191 -.512
PP NH4: Ammonia-Nitrogen(N), NO3: Nitrate-N, DIN: Dissolved Inorganic N, DIP: 1 -117 -.125 285 -.076 -.429
DOP Dissolved Inorganic Phosphorus(P), N/P: N/P atom ratio, Si: Silicate-Silicon, 1 813 -.194 -279 .002

Si/P: Si/P atom ratio, TP: Total P, PP: Particulate P, DOP: Dissolved Organic
W P, SW: Seston Weight

1 -120 .086 .133

Chl-a Chl-a: Chlorophyll a, SK: Skeletonema costatum-ls, NL: Nitzschia longissima, 1 -115 -.227
SK  PN: Pleurosigma normanii, CG: Coscinodiscus gigas, PP. Pseudo-nitzschia 1 .848
NL pungens, EZ: Eucampia zodiacus | The block represents p<0.005 1
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Table 4. Correlation matrix between marine environmental parameters and biological parameters in summer

(upper) and autumn (lower)

WT  Sal 0. DOs NH: NOs DIN DIP N/P Si Si/P TP PP DOP SW Chl-a PN CG
wT 1 -.680 -910 .153 .826 .115 .391 .825 -377 -.016 -312 .756 .819 -.770 -.245 -.708 -.698 .192
Sal | .884 1 921 -.403 -.827 -.741 -868 -.739 .172 -318 .201 -.868 -.408 .472 -.186 .094 .123 .431
o, [-669 -870 1 -334 -915 -479 -.699 -.859 316 -.158 .301 -.886 -.656 .682 .008 .433 413 .160
DOs |-.166 .025 .192 1 339 333 346 -.013 .292 -.183 215 .226 -.049 .198 .192 -.173 .434 -.148
NHs |.338 .351 .058 .558 1 510 747 897 -546 363 -.526 927 .428 -.652 277 -.286 -.242 -.268
NO; [-.035 -.091 -.241 -.896 -514 1 952 338 -.190 .537 -.300 542 -.265 -.003 .712 495 417 -734
DIN |.135 .097 -.304 -.765 -.137 918 1 587 -.345 554 -.420 752 -.041 -.243 .638 .280 .209 -.649
DIP (-.026 -342 299 -.617 -.040 .643 .685 1 -.649 308 -595 864 .609 -.884 .061 -.303 -.429 -294
N/P | 247 .623 -.775 .097 -072 .026 .058 -.679 1 -236 .985 -344 -113 .607 -.438 .066 .134 .330
Si |-.304 -416 345 -.449 -.085 503 .487 708 -565 1 -.216 .565 -.393 .086 .601 .637 .148 -.369
Si/P |-.252 .073 -.095 .382 -.013 -.340 -.403 -.600 .327 .134 1 -304 -.026 .604 -536 -.007 .010 .427
TP |-.035 -.378 255 -791 -355 .725 .636 .933 -.642 671 -560 1 402 -.545 .198 -.121 -.287 -.257
PP |.231 -.104 355 .121 -.021 -.486 -.603 .002 -.575 -.114 -.131 .134 1 -778 -711 -820 -.808 .326
DOP (-.109 -309 .006 -.914 -.800 .814 .553 .563 -.236 .459 -.299 .806 .033 1 229 522 569 .139
SW |-.004 -.250 .126 -917 -470 .764 .641 .619 -249 422 -455 .774 -.034 .845 1 .653 .661 -.632
Chl-a| .308 -.102 .128 -.730 -.208 .521 .486 .722 -.465 .186 -.829 .808 .310 .647 .798 1 .698 -.626
PN/NL|-.216 -.512 393 -378 -.153 477 .456 .867 -.679 .429 -721 .807 .070 .463 .391 .629 1 -.640
CG/PP|-.355 -.020 .050 .640 .369 -.406 -.302 -391 .170 .201 .807 -.556 -.325 -.595 -.695 -.903 -417 1
CC |-.257 -.225 230 .382 -.018 -.345 -376 -378 .192 -.746 -361 -383 .010 -.291 -.163 -.015 -.008 -.268 1
EZ |-252 -20 .233 .392 -.001 -.355 -379 -.380 .191 -.747 -360 -390 .009 -.305 -.171 -.020 -.012 -.260 1.000 1
WT  Sal o DOs NHs NO; DIN DIP N/P Si Si/P TP PP DOP SW Chl-a NL PP CC EZ
7h&2 TG99 o] GET o] A T ve- oF Table 5. Eigen value, eigen vector and proportion by

St 29 4TS HolX|ut, SW, Chl-a9F 4] e &
¥[58], DOsE F719¥E 9 SW, Chl-a 53 29
TS Hol= AoA R AR, sj9RAY] /7=
Eofioll gt AAFARE LR ITHG0]. 853 #7198
A 9 Chl-a Atololle HHZRJA N. longissimas
o] ARG, 7B 94391 Pa pungens, Ch. curvisetus, E.
zodiacuse &9 TAE Hole AoA HLHEF: N
longissimae Chl-z0l BAsHA JA=AT, G4
oA HE7]o] FolE AR Kt 7B $HE2
A AFEHIE BTl 715t T2 A, *éxc}
TAoNA 4 27100 AX|sl= AR A=At
(Table 4 lower).
B FAESH dAe BESA AAE ol8ste] +4
7199& 70%E 7120 R ALtE FEEA 27H34,48]
= 7 = 9.7552:+6.2667,+ 3.1597;02 A|3 FJE7}
219] 3 710482 83.3%E UEFHATHTable 5). 17
U A2 FAETA £+ 7]o&0] 69.6%E Hol7|of 5f

He A2 FARAA AN

¢

i

¢

o A
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principal component analysis

Seasons PC Eigenvalue Pro;z;;tion g:;ﬁ;?ﬁff(‘;;

Ist 9.755 424 424
Spring 2nd 6.266 27.2 69.6

3rd 3.159 13.7 83.3

Ist 9.541 415 415
Summer | 2nd 6.694 29.1 70.6

3rd 3.193 13.9 84.5

1st 10.88 435 435
Autumn | 2nd 4.941 19.8 633

3rd 3.463 13.9 77.2

PC: principal component

AAESIFOIA Al F4E2 HArd, opEAld,
DIN, SW, DTP, DOP, 744, 4~2 5ol 7t <o
AE, FE, sigma t, FEYoIY Foll 43t 29 BAES
Hol, 22457 S B /9] € £ AxE U
Bl ARE A=At A2 FRS 985 S

costatum-ls, N. longissima, DO, DOs, @&, sigma
PHYoty ol At ¢ AAE, 1 gx ¢
AF I FEo)| Rt 29 BAE Holx qlof BlnF

ol

3
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Fig. 10. Seasonal variations of loading factor by PCA(principal component analysis).
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=, 2 ofxhut ;e FAPgel A uLiols Aolet
YL K4l FIE2 slovt, S0l sl
718 Bol2 APaEE R0z vehge,
O1EL 7 = 9.541246.6942:2 A2 A A
o}2L 706%% UEPHTH34NTable 5). A}
BElA Al FHEL B} $Ask] TP, DTP,
DIN, DIP, Qfmujo}e), obaliled, kel ul 4k
ol 4% o) BAZ BT, FE U sigma o] B3 &
o S Bolt= o SANA B A9 L EF A
2 Uehiie AEE A= A2 FHEL Chl-a

TTow

[e]

I_IL\:IE

_>.:

7]
kS

o[ﬂ

DOP, SW, 74, &% sigma t, 8% P normanii

ol et ¥ IAE B, PP, S20f Aot 5o &
AL, 2EAL QAR ARt 59 BAE Holal Qlof, ®
SEAES AR g Uslie AE= SNEAH

(Fig. 10B). & oj=22 E3} go| &= 99 9 T3l 9|
o iR JFHol 3FEHL loH, T fdside

o Ao JAlEko| Qs =L 2.8 Ho|x|uk &
SE30] Ao g 743t sjoolA sigolut Ao 4

o BEEARC] ARG, Be ARBYRE 42
9 23 15 BEUE Ukl 202 SAHsIcH

712 7 = 10.8871+4.9417,+3.4637; 08 A3 F
AJEAR ] 27|03 go] 77.2%S YERAITHTable 5).

29U A2 R FA719980] 63.3%F Ho,
9] A2 A2 FAHAEAAE sHTH34]. AR}
= BxoA A1 FHES TP, DTP, DIP, SW, DOP,

o
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Chl-a, ©%, DIN, A4, Z9HZE, N longissima &

of st &9 AL B, Si/P ratio, DO, DOs,
N/P ratio, XF-4% Pn. pungens 5°l 733 29 TA|

2 wolk= Holq $71% Rajol ofgt B8} HHL
Bl AEe HE A2 FHES $HE sigma
t, DO 5o 7t Fe] BAE Holu], 52, AR 5o
7t 29 AL Kol ZojH, B 42 U QR0

olgt 1=l Fig EF EAS UEiE ARE 5
A= HFig. 100). & 7F2 F71&E 2ol 2t 7]
3t 3y E A= sigeoll s ARt S48 S
7ol AHEE Ao YEith

o|2f3t AWRRE Rt FAso] mdtojRpo] =4
9 AE|Fe 542 Ao whet tha Aol AT,
49 %HOﬂ ot E4TH, B2 AR BFEHE
o] AEA, 181 Y A9 AAFAr F713} 29
#+3 5ol g ZHEE AoE HwA=QIch et B
ool At 78 5 583 ofFolg E e,

J2]1 sg9] o] & ¥ FHEAEL HoiAl= ol=lgt =

2 9 S FYeA Q] AFFFDA L] Pak B 7|Hte

2 o= o) 9 wAao] SysoloRt & o2 W
= QAT
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