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AINEN 2 AR IR AR A R B0 RE A SRR e
PR, FEE X BT M U A9 35 AR 78 SPSS Hp BEAT IR
BT, BHE R A AR A K IR AR A R &R, R
MK RELA EZE T, LU R A SR
O SRR AR K SR B AN R AT D I A K
FEFREEZK T R 4 0L 5 PR AN At B

1 MRSk
1.1 REigit

R A #HH & % 9k M (Oreochromis
niloticus) ,FE/K MR 3R 7 d )5 , FEALPRZE K/
5] SRR H AN R AT LT, R 4 AL FRA
XPRRA AR A B .C, B4 3 MFAT, rdATE
B 1, RIS P IER B I E N T 5k
A 0.3 ke JEH .

®1 RBWRITHER

Tab.1 Experimental design scheme

OB Tt TR
if 1E BRIk x
A TEH Bk INZETE R
B Uk 20% FE AR INZEVERY
C 8 25 % B INEVER
1.2 FEEE

BRI 12 NESMK TR (3. 13 m x5.17 m)
SR RIE G EA AR, ifa
HERE)T , YL T &, 110 B/t , 1k
EH(10.5 +£0.2) g, RIHMRIRF AR
24 h R, BREMR2 K, 8K 30 min 24, &
K 9:00 FEMRIEDELE B S So PR E 4 B /N ZE TE A
KRS, &Mk, KA, 588
LhmsK, FR¥K IR 80 ~90 em,

1.3 #HRRESNE

EERREKT 0.5 m Abk#E, HLRAPE6
R BHWPE(SD) A R AT E ; A (DO)
FREHEAE A (WTW Oxi 3151, 78 ) Zliz il
%€ ; 7KIEF pH K F§ HANNA HI98128 [ 7k Fljh 2
pH/ R BN ZE I & ; A (TAN) |\ EASER AR
A(NO, -N) . FHEREE A (NO, "-N) \ A (TN) |
S (TP) FH8F P (TSS) 4% B E 5 K B e 7
HES . M5E a(Chl o) RFAMZ BERERE
MWE™ s EARAFU(FV) B L KRS KRR
WERE 15 min I HEME"; FRAH LR
(THB) R A AR B v H AR M

1.4 EAFSH

IR FEBUR R S A AR PR %L
W Ja, Hih RN P RBUH A FER R E
BTN T, BPBCHE 45 B 38 BOR B8 13 44 43
Wro BFOHTEET R ST 07 0 i i e
AL, B 25 1B HAR 5C 19 S 22 B 6 Dy /0
BOLA B SL B BELE & RBEUA 15 B 9 — b
IG5 i , BB AE A5 2k B D 40 ok
JRIRERE B RETR T, B E T ERE R
IEg s R, AT K B X R R AR B ) 0 2K, I
JFARAE R Z I M ZEBR R o BA AT R AE
Gt ATk SPSS 17.0 Fp AT

2 FRS0H

2.1 HETALE

DO 2z B K 3R 85 A4 P  — 2R B 38
Wro DO &8 AW B A Yy vF R AE F, T B3
me 2 7K A4 an A A AR S I — R Bk AR 1k
DO & & 5 SRR B R W B E Bk
EEVIEFEFR R, FERH) DO ZIRFFKAK
BT EIF BB RN D E R, AR
FREARFRA B A 24 h 84, DO 4EH74E 8.0 ~
9.0 mg/L, AR, FHPAHELLEN, Hig
B3 A EH TS, KR pH B YRR IR S
BERILFEEEMET 0.5, BX JLAE R K FBR
BRATE, AESIEHE T 40 BES AP
R K IRA R N 1 ], B PR 70 53 5% 40 B A
BREEAN T ERN, B UULE R F 2 57 5
DO K . pH &R A R TR 4 B B HERR o

Sext 12 AFRFE A M8 45 1 6 Y T
BARBCFBE, 220 I MK BRFE AR A 6 T
FebraE A B TR AR, JB T B B ey V5 e B
1325 B B P22 IR IR B 0025 U FE i , W B bR g 7K
JOR AT, PR A A A A P B BB B, AR 5 R X
SRR AT b HEAL , 75 BIAR HE AL R JE I, X A
SR T AN R AN A (R SR S A R 4 XHE K
INERER T A R
2.2 BEFSHESHERR

i F§ KMO ( Kaiser-Meyer-Olkin ) £l Bartlett Bk
TBgeit & B AT R, F W BUHE B & BEAT R 4
BT, R ER 2, KMO Geit &4 g2 F T B0
T 2 22 5008 5 i AH O& R BB — 6 47 , HUE
KTF 0.5 BIE S AT . A<PFRH,KMO 5t
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&N 0.682( >0.5), HimE & 1EHE T #r;
Bartlett B BEAS 36 30 (AR 7 (0 55. 789, A H1
g 28, BE2R{E 7 0. 001, BPBRIEMR B AR 42,
FEULAT LAIA D A 3G 2R B0 o 5 B o A (B
Z5, W, JFEE AT TR 104

#2 KHEMKEKRI
Tab.2 KMO and Bartlett’s test

KMO 0.682

ELREFIBRIE K56 Eayil 55.789
A B 28
S 0.001

2.3 HXEBER

7 3 A R AL BE R R R A R R
BORERE , BT WK RS AR Z [ A e, W]
90% MR RZBUEKRT 0. 1, KA B 2 (6] F #Hk
MILHERR,BEA AR FOIERRERZRIM

KR, RPRAASLHRER . BABEMRK,
SHBRIE AR BEHS; EHREA S A B
BREEM R, SHRBEARBEML; BAS L
PRt BEA G AR K o SILAHIR L A HEREE
A BABEMR, 5EBRBEMX, FIEaM
FRRKAR SRR BTE SRR B, K A 3
EHAE R SBREARSN LA RSB R E AR
2.4 BFSMHEHTERRE

ARG AL S5 B B A S R B [, R &
AT SR B T, RO 2 TR AR (— i
BUEAE 80% LA b)) B B 7 N4 4R K 4.
Al 3 A EHEF MFHMEESCT 1, T HR 3 4~ F
Hy Rt 25 Ek R G B Z RN
85.126% , (AL AT AR 3 /4~ B 7R AU JFR
WK R . T35k, W3R 4 AT AR i, RAX 3
AHETRARBNBE R , BeFe /o S R r £ R/
MR B R AR, B (5 B R TCH R

®3 BEFHEXABER

Tab.3 Correlation matrix

SD TAN NO, "-N NO; ~-N TN TP Chl. a FvV
SD 1.000
TAN -0.267 1.000
NO, “-N -0.203 0.670* 1.000
NO; ~-N -0.334 0.782** 0.823** 1.000
TN 0.193 0.601* 0.608 * 0.527 1.000
TP 0.275 0.305 0.596 * 0.539 0.791** 1.000
Chl. a 0.148 0.337 0.639* 0.681* 0.651* 0.892** 1.000
FvV -0.157 -0.051 0.175 0.035 -0.113 -0.035 -0.075 1.000

" FoREFBE(P<0.05) ;" " FRERPEBFE (P <0.01),

x4 BHEREER
Tab.4 Total variance explained

EHF Ll Lusil
B TekE/% BV IR % FHEA TRE/ % B IURE %
F, 4.162 52.021 52.021 3.468 43.344 43.344
F, 1.642 20.526 72.547 2.260 28.247 71.591
F; 1.006 12.579 85.126 1.083 13.534 85.126
2.5 BEFhEH THEXAELESEKEE, AP RMATTE

LT AT B A UE T B R
ART EEENRAEGAHETHRE, L
BT SE PR IRI AR . 3 AR 20 B i 5K i i 2
T AERTFHAMRAREBEARMEH, F
Sy TR SN , O T 8 % SE B R
BEAT AT, T 0 R 1A A R A T e , AGE X R
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RS MERMETHEER

Tab.5 Rotated component matrix and communalities

H¥

1957 o . S
TP 0.959 0.012 0.014 0.920
Chl. a 0.896 0.153 -0.003 0.826
TN 0.837 0.219 -0.166 0.777
NO, -N 0.647 0.622 0.205 0.847
TAN 0.379 0.790 -0.162 0.79%4
SD 0.407 -0.770 -0.172 0.787
NO; -N 0.562 0.764 0.035 0.901
FV -0.026 0.041 0.978 0.958

BRI AR LR BE R 1, B H 3 > F
A7, EAREE AR REE A 3 M8
LRI ER &, RN EERBEMREE, K
BILAME RS R AR R, ¥R F0.77, X
T R4 R ER T EETERE, ZENER
FRE D Uk B B T 3R B B RO B AR

RIEER 4 RS, A RTEMPR 3T &4 E
HFEHRER & SURBET -

F (551 EHET) AFHERN 4.162, £ 57
FH 52.021% , &b e Ja i B 43.344% . 5
F, MRBH F B BB T2 K a FAA,
M HHZ 3 /A, 3 & 22 6 W P B 2% 5k B 2& A
Ko FHorpIER ] B A B K A2 B (BE
)5 T2 0.959) (A4 a(0.896) \HA
(0.837) , iIXEAEHRTESS 1| EEF F, HHE FEAT
#axHESE 0.8, 558 1 EHE FHAER KM
KKR, R T BHE TR KRR

F, (%52 ERT) AFEARN 1. 642, 57 22 5Tk
FH 20. 526% , &t e )G i B 28.247% . 5
F, MHRHRH) F BRI A B A B BRI A
MASERER A, W H f 3% 3 W40,3 M A B
AR B EAR, W 5B E A, KRy
] Rl 73k BRI 2 A (B %% 5 1 B 2R A
0.790) FEERELA (0.764) | WAHERER A (0.622) ,
M A RERE RN EEHE(-0.770),5
55 2 TR BB, R T KR T
RK s A B X 7K T B

F, (%53 EHF) AFER F1. 006, J7 25 5Tk
FH12.579% , &t g )a i 8 13.534% . 5
Fy FHSRBR M) B AR 0 IR R, ek J5 IE R
i F &Ry 0.978, 55 3 ERFHFEKK
MIAHSE S TR, I T 28 A A B Yo /K R B R T
2.6 EFESREERE

A7 B E 5, W8 — I REARE, BT

B RE R ENEARE T LR & K15
GrARRS L ) B R BB . AR SO (A 3R SR AG T
71> R R SR AR 6 PR

®6 BEFRSRKER

Tab.6 Component score coefficient matrix

- HF
el Fy F, F3
SD 0.273 -0.475 -0.055
TAN -0.024 0.376 -0.209
NO, -N 0.128 0.198 0.175
NO; -N 0.060 0.308 -0.007
TN 0.243 -0.018 -0.121
TP 0.336 -0.171 0.079
Chl. a 0.287 -0.082 0.045
Fv 0.052 -0.074 0.920

WRYFIZ R 52T 1 5B T35 R4

¥ SD 2 X, ,TAN 3} X,,NO,-N 4 X, ,NO;-N
X, , TN J X, , TP 2y X, ,ChL. a 9 X, ,FV 7 X,

F, =0. 273X, - 0. 024X, +0. 128X, + 0. 060
X, +0. 243X, +0. 336X, +0.287X, +0.052X,

F, = - 0. 475X, + 0. 376X, + 0. 198X, +
0.308X, —0.018X, -0. 171X, - 0. 082X, — 0. 074
X

F, = - 0. 055X, - 0. 209X, + 0. 175X, -
0.007X, -0. 121X, +0. 079X, +0. 045X, +0.920
Xs
2.7 BEBHFHITHE

UEKEERFH T ERRREL 3 AERTFR
FERBRFER LE (IR ZE) ERE TN
FOLE, AR & oK BRE L 2R & 1850 F, B
F= (0. 43344F, + 0. 28247F, + 0. 13534F, )/
0.85126, FHZEATH4 A%t 4% 37 58 b (4 7K 5 s 47
A

MK RTE 3 HF LS5 SEA 84
GARHEBIITRT, BPHNERBS BT £
MK ARG . ZR-A 1540 B FAE , 26 B2 1 25
IR T K (EHRFE L) o Xt
M4 A B.C 4 MRG0 WFE S R
0.734 39,0.090 01, — 0. 165 45, —0.658 95;12
MK B AR ERER T EZ 005 C 4K
JREFE 1R AR BB KT AL, 368 C 41K
R B4 T R4 A 4 B LS8 4ME Txt
MR, BERARE, X UK E YL A B AR
FABI 2 IR 35 7E T A K B SR

http: //www. shhydxxb. com



798 B\ W ¥ K ¥ % #H 21 %

®7 HEWAREFESNELEES

Tab.7 Factor score and component score of each pond

5 Fy F Fs SR st

X -1 1.123 46 0.561 85 0.710 90 0.871 50 1
X HE-2 0.307 23 0.668 01 1.047 05 0.544 57 4
Xt HE-3 0.352 49 1.451 57 0.792 20 0.787 10 2
A-1 0.630 14 0.669 12 -1.375 11 0.324 26 5
A2 -0.092 19 0.436 62 -0.776 84 -0.025 57 6
A3 0.239 34 -0.296 92 -0.327 04 -0.028 66 7
B-1 1.141 92 0.069 59 0.079 96 0.617 24 3
B2 -0.510 83 -1.232 17 1.679 08 -0.402 01 9
B-3 -0.861 30 -0.014 63 -1.686 75 -0.711 58 10
C-1 -2.140 50 0.787 47 0.118 64 -0.809 72 11
C-2 0.941 90 -2.026 99 -0.605 45 -0.289 28 8
C-3 -1.131 67 -1.073 51 0.343 36 -0.877 85 12

JBE 2 IR AR )RR AR AL SR R E B, I A B

3 Wk FE 4R AT ARG A A AL I A, DR B SR K

I R 4T 5 B T AR R BRI
% A £ I 7K S5 M 0 B0 B B A R R,
T3 J5 1 1 T Bt 3 SR AE K K B R DL
FEARE IR E M A TRET BT 3 4~ F
HyRE T A 13 NKEIER 85% LI ER{E
Bo %1 ERTAHAIEFRILAKF, B8k
SRR a SR FREE/KIPE SR BB
ZORIETIRURHA 1R, o T 28 R 1) A1) 3R
R, AR BB B 19 1A ) B 7K R R R, BEE B
FE A KB & A BN, K A LR
BN, N FHEYAERELERERNEREE, 5
AR A B, MR W Y A Y =
TIGEBE 4R 3R a WRBEESE TN . 7E— MR BERN RS
FAK IR AR R a H5EFRTRABRKKER
P, A KKK A Chl. a 55 TN TP 535 2 5 3 0
WBEARSK, BAER — T B, R ik
KoK EERNR, ARMRTH 1 EFT. @
FULEEF A, AR C 4 IRt K R B
4o FTLA ER A VIR BIEOR IR % i Al
& R RHR R C 4L, USRI ILE
FrEK, 4ERF BRI K BT 29 BRH A o

5 2 ERT KA TCHLE K FE B L, i
FRAGENE WMRIERMEMRIEAM L. &
B A E A IR SR A A p
BRI, AB S AP 4R A AR AT LR SOK R R
T AR A RO BE ) 5 87Kk B SR B o 2
AT 32 BRBE , P 3 24938 iy i A i & o [l e 22
7K k8 W BEARFRFAE 30 om 22471 7K B

http: //www. shhydxxb. com

b R AR $F —E I A B, [R] B 0 2 1 00 I
BREAFIRE, S BN /A S FESRHEAE YL
R T B AR b R R L & B R
HIE0. 1 mg/L AT, DIZEHr BAFK R, MR
R FRHAEYTCE , B HI7E 200 ~ 300 mg/
L Bparte’

EBIFHERFRHEAERE, B L ERERH
Mo BFFRFE, S5 b 2R AFHZE S5 ~ 50
mL/L, i 25 ()28 B 2 BH %€ £ 6, 25 7K iR 8 (AR A
FROR ARSI 38 i S b T P, A 78 38 24 95 ™

B2k

(1] g, 2580, BRI, 55 A=W 2R BE] i el B 50 3k S B HLpvE
FALT]. 2 4,2005,32 (2 ) :104 - 108.

(2]  HEeE&, W0AOR, /O, % SUEY R BRI BRI R S
NLFARERLT]. ER TR RS2 1. B AR, 2009,26
(2):127 -131.

[3] ZEZREH, B, S AYWRBES ALK SR
FIREIL ] R E K= ,2010(2) 162 - 63.

[4] DE SCHRYVER P, CRAB R, DEFOIRDT T, et al. The
basics of bio-flocs technology: The added value for
aquaculture[ J]. Aquaculture 2008 ,277(3/4) :125 - 137.

[5] CRABR, AVNIMELECH Y, DEFOIRDT T, et al. Nitrogen
removal techniques in aquaculture for a sustainable
production[ J]. Aquaculture 2007 ,270(1/4) :1 - 14.

[6] Z=u, B, HZ R, WK R E FA4HI].
IR ,2003,23(1 ) :69 -73.

(7]  WEME NERTREBUKEER FAHT1T]. Rk
2 B ARBHIR,2008,22(1 ) :107 - 109.

[8] HEEIFRS SIRCKBA MM AT I k) WEL. K
AN K W 4347 07 (M) [ M. 4 Ji. Jbst: s EER
iRl iRt ,2002.



58 F B.5.ETHETOMENZ EaFEIUK R HEROPTR 799

(9]  BRFHS, BRIT T, HIMENE. SRR M4 R a W E I 4 2 397 -399.
Pk R O 2 iR 2 BT[] . WA AR ,2006,18(5) - [15] HARI B, KURUP B M, VARGHESE J T, et al. The effect
550 -552. of carbohydrate addition on water quality and the nitrogen
[10] AVNIMELECH Y. Feeding with microbial flocs by tilapia in budget in extensive shrimp culture systems [ J]. Aquaculture,
minimal discharge bio-flocs technology ponds [ J ]. 2006,252(2/4) :248 —263.
Aquaculture,2007,264(1/4) :140 - 147. [16] #H. BAEFEAZL2EFHIM]. Jox: P EK
(11] A SeEY i [ M]. RO A R R 2 A, Ak 4 f A ,2008 250 - 52.
2010 42 -44. (17]  XURRRS, BFMRY, 23S, 45, AR ok BE AR B 28 AP I X
(12] freRe. RHZIETH T [ M]. Jb5e. h E S i At B Ak £ 1 IR B K AOK B BT g [ K7
2010284 -285. 754 ,2009,30(10) :5 -9.
[13] Bk, A3CE , 255, 2. [ F40 07 57 038 W 7K SR o [18] AVNIMELECH Y. Tilapia production using biofloc technology
HIREFLT]. K B ARFEEFSE,2007,14(1 ) ;113 - 114. (BFT) [R]//LIU L P, FITZSIMMONS K. Proceedings of
[14] BEIN, 224, XG5 HEESFR/KIA P RFME & A 9% international symposium on tilapia in aquaculture.
FRANBERIEIE[T]. S ERRS#K,2000,29(5) Shanghai, 2011 ;362 —366.

Study on the influential factors of the water quality in tilapia culture systems
based on factor analysis approach

LI Yan, LIU Li-ping, ZHAO Guang-xue, HU Zhen-xiong, SU Xiao-ming, JIANG Min
(' Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean University ,
Shanghai 201306, China)

Abstract: There are many water quality parameters in aquaculture, the relationship of which is complicated.
To find a few monitoring parameters is practical demand for farmers. Factor analysis approach is a statistical
method that uses a few factors to replace many original factors. Water quality in tilapia ponds based on biofloc
technology was evaluated using this method in this paper. Tilapias were kept in 12 outdoor cemented ponds.
The control group was fed with commercial feed normally, while group A, B and C were fed with 100% ,
80% and 75% of normal amount of feed and added with wheat starch as carbohydrate. Water samples were
taken to measure pH, DO, T, secchi disk depth (SD), total ammonia nitrogen ( TAN), nitrite nitrogen
(NO, -N), nitrate nitrogen ( NO, -N), total nitrogen ( TN), total phosphorus (TP ), chlorophyll-a
(Chl.a), floc volume (FV), total suspended solids (TSS) and total heterotrophic bacterial ( THB) every
week. The results showed that the communalities of T, pH, TSS and THB were lower than 0.5, and removed
when factor analysis was done. Three main factors affecting the water quality were extracted when dissolved
oxygen was sufficient. The first main factor was composed of TP, Chl. @ and TN, which reflected organic
nutrients. The second main factor was composed of TAN, SD, NO, -N and NO, -N, which reflected
inorganic nitrogen and SD. The third main factor was composed of FV. The component score of each pond was
calculated by the weight of 3 factor scores. The component score of group C was the lowest, and lower than
the control group significantly. It showed that water quality of group C was the best of all, and biofloc
technology could improve water quality and promote the sustainable development of tilapia culture. TN, TP
and Chl. a should be monitored emphatically in tilapia culture systems using biofloc technology and TAN,
NO,-N should be monitored regularly.

Key words: factor analysis approach; water quality; Oreochromis niloticus ; biofloc technology
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