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ALk R L R B S s 5
XRH ERHA KA WEEE FHY

(F BB RFRERERARBITFAARLERE, ¥ & 266003)

BEXR #EZ
(LR EHTEK KA, HF 256300)

B E AMLTAREMEERR(Cg M POl )N8R RN PINBHAD PETRERE, &5
BRERT B LEAID KA, HoR T ASERBMRAE, RA(23.56+12.53) pg/L(M + SD). 5 A0
B IRALA 1,025 0.85; FX A E B RIK, 5904 (3.35£1.08) me/L #(0.24 £0.11) mg/L; TN/
TP % 14.9443.43, BEMHEIENP(EE)H(10~15):1, LPIE T 1 A RRM G, INL = (DOLy o
= DOL)/ (DOl opg 1 ~ DOL), H##24 h INL &5 TN/TP #9402 82, INL T Mk £+ ER MR, ¥

RESNT RBHMGRA,
FRIA Raobd, Rt B R

TR LIRS KB, KRG = 13
R K b S RAX R R TR
HIRRIT2, BRI, BER YA AR B (5
—) REAEEFAR, MFEPHBE R R WY
ARHTERMET?, RERAERamEE
FEEHBE ., 70 FRLRB KBTI Y, 5
. F OB T R, — AN ok i
TN BB KR P E B E, UG T %
R R LR B REE S A0, Sk
AKB(Cly ™M Clp™) BB XAFTRRENE
ik WEM pH H, FRT Rk kKB K, LB
B AR AR P R, AR T
BRI E R . MR R A R4
Fye BRI AR B BGE B B 4, DA ek
B RN 8 00 HE B SR BR AR HLIRI0 R 9B

1 WESRE
1.1 KIS Hhu

W E8.1998 - 03 - 09
*» AWRGERFEHFENE RS E (39725023) MEE" AL
E MR H (56080401) BB

TR S A THRBR KRS RT L8
IR, AZREHRT 3 DARFLT AN S
(0F 1% 3% R 10 DA M (2*% 4% 6% .14,
15% .19% 207 21 (327 . 33* ), HEXHRR(E
)R 0% 3R 35% T 1992 SEFE, B 20~ 70 cm;
19%.20% \32% 33% & T 1991 £FFE; 21 BT Y
(1997 F L, HaEsfsa; HEWEHT 1994 £
AR AR IFHMBRBEKET, MAY
1.7m BRRAK, ZRAFEK. HERLEH
P REW, 738 BERFAHEAKBS RSB,
HARFK, FEMBA HGE Y B A, KF1.5
~2.5m BEER1000~7350 m®* R, FH
FRABBRHMEmETRA, P28/ H 4 000~
9 000 kg/hm?.

1.2 XWHE

2REEAREPNRES, FERROEA
ArsEE 3N EE, BHEERRSRS 414,
A OMBEH, OME P01 mg/L I
NaH;POg; QME N 1.0 mg/L B NaNOy; @ 11§ P
1.0 mg/1. 9 NaH,PO, 1% N 1. 0mg/L B NaNO, .
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BEmEEERES 2 2NN PAAMP), B &ti%?% 35h, MACH L FRTRIESK, HEMAE
TEMNE s PMBEGERE4), H500 ml HEH 6,30, RIS, o BIFR R R E &, Wl
HMAMME KRS RERETRE /2 BHE  EE4H.

£ ARBINKRNEERR

Table 1 The primary information of experimental ponds mean * SD

we shE et /) BERE/(mmol-L™Y) S0/ HEE/(mmol:L™Y) AH
No. of pand salinity e {mmol L™} alkalinity {mmol+1.71) hardness waler type
# #
0%.35 IF?S%*SD 10.31£3.37 9.21 96.13+28.06 1.98£0.61 37.49+11.88 39.70+12.31 Cly™oClg™
mean *©
1¥ 1.73 8.83 12.69 4.38 4.46 3.97 Clg™
i
u *ﬁﬁim 2.4820.78 8.23 18.82+£5.82 S 93+t.52 7.27+2.40 8.76%2.73 Clg™
mean X
2% 4F 6%,
14%,15% 19%,
20%,32%,33% 3.65+1.62 8.41 28.84+14.53 6.30+1.32  8.18x5.72 11.57+6.0t Clg ™
F-Hi{f + SD
mean + SD

* « pH FBE@A[HT 1#EATH 8, Mean pH values were calculated from [H' 1.

HBAEA 6~9 A, 8RB R
KB pH(BE R ) BRE(HC #5E) .80, &
BEDTA M) MHAETEETYR(LEHES
B NO; (HREFE).NO, (EMEZ I
%) NH! (R IR, PO; (SHEE B, KHF
# 3 000 r/min B 15 min) BB TP 5 BRI
B EE TN(EIRERE),

2 R

2.1 HMEPKEEFESE

MRIEER (R 2R, A BENE RS
BB AR FAEENTHEHER TREA
MEEH T AR EENARETER
&, EEEAENER, WEFELEARFANS
HEHFAME RN ENESER IR LR
R,
2.2 8. R KRR ARG
ER

MREER(FE DR, AHEHEaH BERA
HRMAE TR I AR A 23 RN B A R
FHRBE(P<0.01 H P<0.05) BIFEFRH, £
R {H NR(N - response[g])%J 1.15~4.28; 7 3 4%
FlE R H B35 (P <0.01 A BEFR B, Bof 5 B
PR(P — responsel ') % 0.81~1.78, {H L 0 $7E

7 AR(AF TR, KBERE 20 cm) i 1 KR FEH
H L B RR H B R A KBS R B (PR>NR) ; H 13
KERLBFE(P<0.01 B P<0.05)MEBE RN
K SR{Synergism responsel’)) o

F T Bk E A AR BRI ECEXT T8, |it
T AT R R H R E( INL, Index of N limitation)

INL = (DOly; g — DOL)/{DOInt. opo.1 — DOI}

3—“&..'1:’, [)()INI,D = Nm&bﬂiﬂﬂﬁﬁﬁﬁiﬁﬂ( mgf
1) s DOIny opo.1 = Np.oPy. ) AL B 4B R S50 B (mg/
1.};DOL, = X AR L & (meg/ L),

ASEIWH INL 0% 3, ¥ E SEKH TN/TP
{EHTHCFEST, BLa i FRE,

INL=1-0.000 569 X (TN/TP)-14,
R?=0.75,F=63.07,n =23, P<0.01,

o AR E(DOL, mg/L) AR5 T
PLEON, pg/L) BE(TN, meg/L)RERA, 1§,

DOL =0.34IN+6.31, r=0.471, 2 =23,
F=6.00, P<0.05;

DOL =4.50TN-0.67, r=0.529, n =23,
F=8.16, P<0.01, '

BLE 3 MR R E, E ok B i e SR B
FAEEHSKPHENAENEET —FRNEMER
H, EBR AR TN/ TP B A KT/
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Table 2 The content of nutrient elements in pond water

LA ED S 1 H#  NOy" -N/NOy - N/ NHf -N/  IN/ -, TR/ TN/
pond No. and fish  date (ol 1) (pg'L™") {pel™D) (pg'lfl)lpf(ﬂg L™ NI (mg' L'} {mgL™") TN/TP
6/17 9.26 0.56 14.89 24.7 B.25 3.00 0.057 1.32 22.98
T/3 1.12 0.00 4.65% 5.77 21.56 0.27 0.203 2.85 14.00
0F KM f
A . 7/9 0.00 2.31 8.36 10.67 42.71 0.25 0.245 3.7 15.12
without fish
7/22 2.55 0.00 4.36 6.91 3n.51 0.23 0.285 4. 86 17.03
7/26 13.33 1.98 23.64 38.95 18.31 2.13 1.286 5.46 19.07
# .
ILARE g 6.10 0.79 1291  19.80 1579 1.25  0.129  2.67  20.6
witheut fish
# o
l. '*#ﬂ 6/10 7.94 1.06 6.18 15.18 27.97 0.54 (0. 246 3.65 14.78
without fish
217 HEfH /1% .00 0.66 14.55 15.21 14.24 1.07 0.162 2.1 12.37
Erass carp 8/15 3.97 0.13 22,18 26.28 7.12 3.69 0.099 1.74 17.62
E
.2 ,§ 7719 1.84 2.44 17.89 22.17 22.12 1.00 0.178 2.81 15.77
silver carp
#
4°.RA 7/15 0.00 0.00 16.55 16.55 20.34 0.81 0.162 2.32 14.28
grass carp
" 7/19 8.51 1.59 16.36 26. 46 46.32 0.57 0.329 4.15 12.62
6% B 8/11 6.58 1.03 1. 25 17.86 18.3% 1.97 0.212 2.89 13.62
grass carp
8/22 10.78 1.19 5.09 17.06 19.32 (.88 0.234 3.08 13.18
"
14 ,ﬁﬁﬂ’ W9 3.12 1.85 35.23 4020 47.32 D. 85 0.381 4.96 13.01
grass carp finglings
15%, &
. /15 0.00 2.78 18.00 20.78 34,58 0.60 0.283 4.02 14.23
silver carp
8% Bl 7/15 0.00 1.32 31,64 34.96  40.68 0.86 0.228 3.41 14.99
tilapia 9/3 7.98 0.56 20.15 28.69 32.16 0. 89 0.301 3.49 11.61
*
20 ,Eﬁﬁfﬂhﬂ 7/15 0.00 0. 00 21.09 21.09 36.61 0.58 0.241 3.15 13.06
spadefish and tilapia
32% AW 7/19 1.42 2.11 32.5%  36.09  49.9% 0.72 0.369 5.21 14.13
silvet carp finglings  8/29 7.37 1.19 14.55 23.11 17.2% 1.34 0.1%0 3.3 17.68
33, W 7/19 6.81 2.38 5213 6132 203.56° 0.3  0.57¢" 3.28 5.67
grass carp finglings  8/26 3.26 0.21 8.65 - 12.12 16.56 0.73 0.169 2.72 16.13
4.43% 1.14 % 17.99 % 23.56« 34.42 ¢ 1.02+ 0.242 ¢ 3.35¢ 14.94 ¢
3 +
£FH meant SD 4.03 0.50 11.5¢ 12,53 38.96 0.85 0.11 1.08 3.43

1IN RN inorganic N; 1P ERFEEHR inorganic P; » M AKX E BB cansed by large amount of added chicken dung.

‘PHIEFESRIIFAMARMNN NP 2HFEIH, B
15:1{EEHH6.56:1), BIFAMWA LT EAIM0E

2.3 BiERMmRERE
ME 4 TR, RBATERMENE, T Rse

W, B AR A B A N0.2~1.0 mg/
L; RN FHBSE(S P0.1 mg/L) M, EEFH N:P
H(10~-15): 1, BARERMAT(N) 555 65
SRBR(DONHAITEFENT, HRABRNES.

3 g

SUE R R, M ALK B 3k Wk 1
oM. A A 3R R A 2R 3 4 3 FR ) 0 B R
B HEHREIERGTFESRKEPIERHERNR
ik, TRIBSAN N:P HERR TRV,

Redfield " 138, BENE, BEEP A H A N A

FE Pt fEfEl. Rhee M Gotham!'™) Xt 7 i ik K 38
ERRER, BEMFHRFER IN:IP R 17:1
(HERIWHR7.44:1). BHFEID, EELEKES
W, FHARERFE 0.3 me/L ME, A
B B DR FFZE 40~ 50 pg/LL BAE, BBEXT 100 pg/
LE#KFPIINP=6~7 REM, RE/KZH
AKABERITH NP 2(300~500):102), = EABE,
AE2 TR, FLERHELE K S ERIES T
BB AR, B NP RE XBREEXA
RN FEREHA,
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%3 NP oEREAYE R R R ER
Table 3 The limiting effect of N or P on DO increment of phytoplankton

MM gouw
RERERE A4 1 H conirol P N N, P,
pond No. and fish  date i LA} Ly MyoFaa INL
DOIL" DOI PR” DOl NR" DOl SR"
6/17 5.98xD.12 6.08£0.29 i.02 7.8710.21 1.32°*° 18.28+0.40 2.32""" &.15

7/3 5.76+0.29 5.86+0.35 .02 15.16£6.50 32.63°°° 15.07 £0.50 0.99 1.01

3:11:?{51 7/9 7.62+0.05 6.16+0.16 0.81 15.81£0023 2.077"" 18.61£0.20 1.18°"" 0.75
7/22  13.631£0.20 18.31%0.65 .34 201.33+0.24 1.56""" 26.93%1.36 1.26""" 0.58
7.26  13.22+0.10 23.47+0.41 1.78""" 15.82+1.12 1.,20"" 26.59=1.36 1.13"° .19
35, £ R

, ¥ 6/10 S.BY+0.23 5.7620.40 0.9% 7.23x0.11 .23 19.97+0.70 27267 0.10
without {ish

1#,5‘&%& 5/10 B.96+0.29 9.18+0.45 1.02 22.59+0.20 2.52°"° 26.62+0.10 1.18%"° 0.77
without fish

214, M T/15 12.84%0.10  11.04%0.14 0.86 26.1840.78 2.04° " 26.16+10.14 1.00 1.00

Erass cerp 8/15 4.42+0.34 4.06*0.17 .92 1068027 2.42°°° 24.91+0.54 2.33°"" .31
_213-.% 7/19  B.0610.48 7.4910.48 0.93 18.38=0.68 228" 21.94£0.27 1.19"°" 0G.74
silver carp
4 HH
7/15  17.334£0.40 15,89+0.50 0.92 27.55+£0.40 1.59 28.90+1.90 1.05 0.88
grass carp
& 719 24.8220.61 24.91x0.75 1.0¢ 33.46£1.43 1.35""" 33.89+0.41 1.1 0.95
64, HA B8/11 18.57+0.37 18.33+0.65 0.99 31.37+1.94 1.69°%" 31.96+1.35 1.02 0.96
grass carp

8/22  19.13+0.92 19.49-0.81 1.02 33.2610.20 L 34.6i £0.61 1.04 0.91

—

La#, HaH 719 42.0220.64 43.06z0.68 1.02 48.23+0.81 1.15°"° 48.19+0.951.00 1.01

grass carp finglings

—

lﬁ#'ﬁﬁ 715 19.18%0.03  20.04£0.78  1.04 27.72+0.71 1.45°°° 29.83+0.85 1.08°" 0.8

silver carp

19%, P 7/1S  18.67+0.54 19.2710.24 1.03 24,B6+0.27 1.33""" 28.871.66 1.16°"" D.61
tilapia 9/3 14.4310.15  14.75£0.44 1.02 27.47+0.600 1.90" " 28.652£1.12 1.04 0,92

204, AERAFER
spadefish and tilapia
24, EERM 7/19 24.24+0.20 30.02+0.85 1.24*°*  34.22%1.22 1.41°**  38.35+1.2% §.12°° 0.7
silver carp finglings  8/29  2.15+0.45 2.98+1.49 1,39 SO6F0.98  2.35'**  20.34+3.19 4.06°°° 0.16
34, T@mM /19 19.80+0.17  19.39+0.20 0.98 30.82£0.54  1.56°**  30.84%1.26  1.00 1.0
grass carp finglings  8/26  3.56+0.59 3.77+x0.43  1.06 15.24+0.55 4.28""*  24.05+0.69 1.58""" 0.57
= DO - FER B/ (mg-L™'), increment of DO; PR = DOlgg.,/DOYcontrol, NR = DO, 1/ DOlcontrol; SR = DOLy_gpp. ./ Max | DOl g
DOlgy 1|3 INL = (DOl;. o — DOIcontrel )/ ( DOpa . opo. 1 = DOlcontrol) o
v » HRAHEFEREF(P<0.05) significant; » » » BRFHHERHFE B F(P<0.01) exrremely signifieant,

/15 21.26+1.15 20.74+0.81 0.98 26.83+0.54 1.26""" 27.48+¢.17 1.02 9.90

® 4 WIEHERELEER
Tabie 4 The resolts of experiment about optimum N and P concentrations for fertilization

AR N S MRAE NS EA R + SD/ (mg- L") BEMB/ (L")
ﬂé% ??ﬂ DO increment at various added N levels aptimum concentration
pone e o eontrol No.2 group Ns.5 group N, o group Ny.s group N 5 group N P
. 2.96£0.29 14.08%0.12 18.67t0.19 22.60+0.24 22.00+0.18 1.0 0
1 6/10~11 9.1910.46 20.90+0.46 26.64%0.18 31.536+0.34 30.47+0.52 1.5 0.1
354 6/10~11 5 88+0.23 7.39+0.17 7.5240.24 7.23%10.12 7.17x0.14 9.2 0
5.75%0.40 15.67+£1.25 19.97x0.75 20.64£1.37 2:.1210.90 1.0 0.1
o4 6/17 - 18 5.99£0.11 8.05£0.14 8.19:0.12 7.BR810.21 8.3210.19 0.2 0
6.08+0,29 15.49+0.23 18.29+0.40 19.09+0.29 19.39+0.23 1.0 0.1
7734 §.01+0.22 9.09+0.48 11.89+0.77 15.16+0.50 16.49*0.15 1.0 o
6.89=0.32 11.36x0.40 14.97+0.57 17.67+0.74 19.67%0.34 1.% 0.1
2/6~ 10 7.5820.08 11.00+0.37 13.01x0.30 15.81*0.16 16.56=0.27 1.0 0
6.1420.12 13.54+0.33 18.64+0.16 19.583=0.41 21.70+(.18 1.0 0.1
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Tahle 5 The mathematical model of DO increment

BE5 B #4 YRR
pond No.  date  condition mathmatical model

DOI=20.82[1 - ¢ "% 7HOS0" N

3/7~4/7 xnfupp R?=0.990, F=100.0,
a=5, P<0.01
DOI=17.19(1 - ¢! 8030+
P
9/7~10/7 " M RY=0.994, F=161.1.

r=5 P<0.01
DOI=19.43(1 - e~ 145015+ MYy

p
0¥ 17/6~18/6$Ehp RI=0.999, F=252.0,
=5, P<0.01
1 P DO1=22,06(1 - ¢ 077047433
37-417 e RZ=0.997, F=2336.9,
n=5, P<0.01
ypp  DOI=22.30(1-e  H¥WHIN
471007 D R¥=0.996, F=243.25,
r=5, P<0.01
e p DO =22.95(1 - p ~2-q0i(0.20+ N)]
wo P R*=0.991, F=110.2,
L# a=5 P<0.01
gp  DOI=31.98(1-¢ " B0:210)
with P RE=0.985, F=67.3,
a=5 P<0.01
= — o 213D 1SN
4 mp DO1 22_1.35[1 eL 1
35 with P R*=0.998, F=486.1,

n=35 P<0.01

b BE R YK K, SRR e B G 1R HE VS B BE
WEWRIEREN R, AW kR 9 b K BB
BRI ERM (R 1), BHARYEZEEATE
HAREERFE R (0 FeS %) Ay 441, B
T Fe(OH), X POy~ MYREH & LR FePO, BIE
Xt PO} MILERBAKE D, BN BB H &
BB A CO3~, K Ca? ™ 35 R, 3/ T By
K, Bk, EAH KR Mk P K AL B
BESERF 1 M R A KR

Sakamoto! Xt H A MMM ARG AN,
TN/TPZE 10~ 17(EEBH) A, HEE LRSS TN
TP BIX R LR FRA; 2 TN/TP /M F 10 £,
HRRKEFRRS TN #%; % TN/TP KT 17 1,
R TP #M%. HEEXR FLLBBEN TN/TP
(14.94 £ 3. 3N AR GE (B EH R R A EBEDH
[BIma R 1 10 B4 Jn k), T BB B R R, (3. 35:
1.08) mg/L. 248504 ) SRR £h Ak 2 £h B 3 o 3%
B 3T, 2 B8 G BB T R AL M AR, A M R e
THRAKEUAAZENTHIEN MRS HE, &
B e K BEALDES T AW/ A TR
WEZ—, 338K mENP R A, Al
FELER RS BMER s5% 1, HAFE

A WA BL, IR R G iR E 1% 09,

— R T N R TERE M2 T, INL 23

LHMBXENLEAER O HHAELAPH
DOLy o84 DOLy AR A BER G, MBLG
B INL 5 TN/TP WEER T LUEH, B RITEMER
RPN R RE, T NR ERR BRI, A
FERPEAS, BEHTRSBEAAANE, W.217 # 8

A

15 HAI32% 458 A 29 HMA IR R, K NR &5

A2 T % HR H B 0 B AR AT B, SR A R B0
X PR R B v, Bk, AR M E B9 NR )T
.

i ERFHEAR $EF AXFALGTS, @

e

£ £ X W

REM, BWZ BN WANRALSE, LR, R bR
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822
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15 Deniel H V, Boyd C E. Chemical budgets for polyethylene — lined, 16 Acosta— Nassar M V', Morell | M, Corredor ] E, The nitrogen bud-

brackishwater ponds. Journal of the World Aguaculture Society, get of a tropical semi — intensive freshwater fish culture pond. Jour- -

1989, 20(2):53~60 nal of the World Aquaculture Society, 1994,25(2):261 270

Studies on the nutrient (N, P) limitation of pond
waters(Cly N and Clg™) in saline — alkaline land

Wen Liangyin Dong Shuanglin  Zhang Zhaoqi  Shentu Qingchun  Li Deshang
{Ocean University of Qiingdao, Qingadac 266003 )
Han Wenliang Ren Yueda
{Gaoging Aquaculture Research Insritute, Gaoging 256300}

Abstract With the oxygen evolution bicassay method, the studies on nutrient (N, P)limitation and optimum
N:P rario for fertilization of 13 ponds {Cly ™ and Clg ™ in saline — alkaline land were conducted, and the concen-
trations of nutrients were measured at the same time. The phenomenon was discovered for the first time that this
kind of ponds generally showed N limitation. The concentration of inorganic nitrogen (TN} in pond water was
very low, only(23.56 £12.53 ) pug/[.{mean £ SD}, and the TN/TP was only 1.02 £0.85. But the total nitrogen
and total phosphorus were not low, which were (3.35+1.08)mg/L. and (242_16 £ 108.70)pg/L, respectively.
The TN/ TP was 14.94 + 3.43. The optimum N:P( hy weight) for fertilization was (10~15):1. A kind of in-
dex of N limitation, INL = (DOIy; ¢ — DO}/ {DXOIny gpp.1 — DOL), which could well express the extent of N I
limitation, was suggested, and a model was developed to simulate the relationship between INL and TN/TP. At
last, the reasons for N limitation were analyzed.

Key words  saline — alkaline pond, Cly™® and Cly™water, nutritive salts, fertilizing

2000 4B (BRI AETT B HF

A it ig, A (K iy B AR 30 £E (1971 B1F)), NEF M E T RIEHENER, EHRER
Kk )RR, 2000 A FIHBE =F=F7;

=7 _

HEST. PAB KRl AL redA R L, B YRR T B E SR TR, Emikiae st =,
MR,

B EEHAHEEMA BT, R b =Lk, BELHER. D iR OKENFH(E
¥ =W FH)" OB ERE R AR kTR Bl EERE,

SRR ST E R, g5k DR BT R BEEAEARA,

=X
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