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 E 20132016 FE WM, LIRS P ARG R A <0G 217 B W AR I 3 D F I 5 E K
fth, AT KR AR AR AR pH R B LCOD S5 bR A9 W FIE 1 P e 5T P AR G B KSR K £ b A
BH KSR T AR VUAE & B, A KR 17.0 C VL b BEE B KRB IS F I a3 S s T
5.0 mg- L™ IR E MR EE AR AL IE BN 110.47%—70.12% , B v A0 in 2 R e i $h 8y 23.2—26.5, 5
M RN E T &K, —F BB #FHE 5 (P>0.05) .pH {4 8.34—8.68. 2 & N 0.013—0.078 mg-L™' i
TS H 0.003—0.023 mg- L™ AYZRZEH 0.016—0.110 mg- L™ A H 0.218—0.860 mg- L™, TEAL#HE 40.010—
0.038 mg-L™", G4 0.103—0.339 mg- L™ EFE MBI E 1 KRB N2 I (A3 T4 LK F.coD
7 0.897—2.793 mg-L™'  FAE 1 REE I FHES B 5 A& Z 281 KAR1E(COD<3 mg-L™) . it
L TR HE A 437.70—717.00 kg-hm ™, SRAE L Fh R 3 245 R R 01, 53 BH H A o B 55 7 6 R AR koK
TR AR pH RV AUTE R, AL BN COD M I A T LR A G AT, I BH A B A I A A
THE R EA RS .
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Preliminary study on the variation characteristics of water quality
factors of natural soil culture of Eriocheir Sinensis

WANG Pu MA Xuzhou ™" ZHANG Wenbo ™" WANG Gaolong
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Abstract; Three seedling-raising ponds and water storage ponds were selected for the experiment
during the seedling-raising period from 2013 to 2016. The experimental site was the seedling-raising
base of Eriocheir sinensis in Sheyang County, Jiangsu Province, China. The improved variety

“Jianghai 21”7 was bred in the seedling-raising base of Eriocheir sinensis. This experiment monitored
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water quality indexes such as water temperature, dissolved oxygen, salinity, pH, nitrogen,
phosphorus and COD, and counted the yield of crab seedlings, so as to study the changes of water
quality factors of natural sea water soil pond of Eriocheir sinensis. The average annual water
temperature of seedling—raising period was above 17.0 °C , and increased with the number of days of
seedling—raising. The dissolved oxygen content was higher than 5.0 mg-L™', and the saturation of
dissolved oxygen was 110.47%—70.12%. It decreased with the days of seedling raising. Salinity was
23.2—26.5, and the salinity of nursery pond was always slightly higher than that of storage pond,
there was no significant difference between them (P > 0.05). The pH was 8.34—8.68. Ammonia
nitrogen was 0.013—0.078 mg+L™", nitrite nitrogen was 0.003—0.023 mg- L', nitrate nitrogen was
0.016—0.110 mg-L™", total nitrogen was 0.218—0.860 mg-L™", inorganic phosphorus was 0.010—
0.038 mg-L™" and total phosphorus was 0.103—0.339 mg-L™". Nutrient increased with the number
of days of seedling raising, but all were at a lower level. COD was 0.897—2.793 mg-L™", it
increased with the number of days of seedling raising. At the later stage of seedling growth, COD was
in line with the second class seawater standard (COD < 3 mg-L™"). The yield of seedling pond was
437.70—717.00 kg-hm™, showing an upward trend year by year. The results showed that all water
quality indexes of the test site met the requirements of crab breeding. Combining the change of water
quality index with the yield, it was concluded that the seedling yield under the current production
mode in this area still had the potential to improve.

Keywords : eriocheir sinensis, ecological nursery, water environmental factors.

21 4R LSk | BfiE TP AR 9 ( Eriocheir Sinensis) TS B H AR D H #5835 M LT, S
A PR AR WA, 8 T P A AR BN, A 7R RE T R TR T, 2016 AF 4 [ v AR o B A 1 e R L GA
812103 kg' " JTIR48 5 BHEL VA FR B IX AN YTHE 217 45 A ep AR G B e R b A 5 1 9 2 B0kt
7 FLE = L= - A 7E AR S G O A R AR R PO A A L, ARk
A ST EAER S TR E W, Oy AR BN TR M F 2, B AR R F A
8 15 249 o 3508 FH B T R 95% L 1) AR R B M AR AN IR AR UE T v A G B 1 7 e 1 8 1
BER | [T 30 T I X A 2 T R R A AR S B R A P ROR M FRFEK AR R EE 1 A= )  BALEE bR
X AR R AR R, Ao T B T B L (HI T PR PR R R R AR
B K A ERBE FR AR AR A S5 T 1T D6 T AR IEEZK 3t 28 25 VAR S K AR AL MR (R AR 5T 4 /0 A A
RGO TR ARG R A AN T MR AR R A TR I A AT, DT X AR S T T K T 2 AR AR A R iR A T
ST R U R A 5.

ARSI EEFIT T 2013—2016 4 VLI5S FH M X Hf 48 2 2 88 TR SR g 7K 3t AR 285 8 A DG K s R 7
(AR ACAFAE , A AR G 8+ i AR 28 T T PR B S fr A T 5 BN (R i rh AR B L A S/ Y
CIESEE%. 353

1 MBS 5 ( Materials and methods)

1.1 SEOGHL A

S M S FUL 048 R IR T 5 PH B =K R R B A R F] (33°5273.79"N  120°27'12.12"E) .i%
R ST BH M DX R ) rh AR R I I B S —
1.2 SEHM R
1.2.1  EABESE

SRR T AR A R R 1T 217 v AR B AR Ry SRR R B R BRI [ Dy i
HT—AER 11 H NA) BRI, P R A 15 )5 () SRR MR (R EE KT 250 o, HERE KT 200 g, fE
LA 9 (2.5—3.0):1.0.
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1.2.2 SEEE

2013—2016 4ESCI IS Jy 3 HH AN 0.253 hm? , BdbEm , KA T A JEE 2.5 m, B i
WAl R EE HIAE 2.0 m. LAFRFH 358 K AR Ry %ot BE AL B 11 S50 Tt 2 SR M A5 R 320 KL
1.2.3  BHHK WG KB bR KR K S8 bR PPN S B AR

B K YA 1 AAER I RIK A S B F aaaT 2 A2 4y AT s IS SR AR A R 5 T,
FESCIS ARG 1 B A4 1 F B o in A 225.00 m® hm 23K, IF e h A8 5 208 A T8 B B ARG
(SC/T 1099—2007) " 7K T B2 R 45 il K BAR b, o Hak 23288 /K bl Qb e T IR R pH
{8 R A SR S AR v BB, b R B8 R pHL 9 3 2058 BV BRI ), A K BLKS 35 5 b 39 K i 7 31
2.0 m.

UK ST bR 2 R AR SR B N T R HLE (SC/T 1099—2007) 77 5 GB 3097—1997 K
I EARET™ (R Tz b v K S0 20 o T3S, AR 06 18 BOCH: P 2 — 2 B 3R 58 FH K b e R AT DAY, 122hm
FRE T VAR O B b2 5 AU AR T TR )
1.3 SEEiIt
1.3.1 FEHiEEE

SRR FERIE B E L) B O B R W A S T 1 B M 2R, LR MR A 4 R R T
JoT, 75 W) 2 S SOME B8 A I JS TCTE AR Oy T AR 2F T A MR [R] i 32 K5 7™ O, 76 28 L 2Z 1T, o e 1k 8 4 o iR A T
FAE TR RG TR B TR R A AL 35 B R ) VK DL K e 2 0 RS R S s R A R, R
T Ry SRR TR Y 0.5%—1.0% SERE 2 30— BE B[R] (1 B M- 5% )5 , AR 0 38 7 DAz i o R i 63 40 v ik
52 AESLRRT—4F 12 A—32804F 3 A KIE=10 °C 5 MEMEREF IR 301 FL iR IRAE—i& , F58e2k 4 A wt
[i] W M L | 200 U A AR 285 77 S I 2ad F AR S TR SE B AT 4 H A A BRI S A
T AR 0.002 hm® 7K et | BORE FH S5 3sie AR IR I B RS MR BiG O B A R 38 150 bpm-min™' K & &
B — S SR B G B R R 2 20.0 em 2.
1.3.2 HERAWEET

P BRI ARSI (B ) ) FERESE AT 3 8 3.0 g-m U ECE L, RAEE WA AL 2 TR
252 & fHH 90.0 g-m T E K, A KEF EMHAEY WA SR E KRN 1—M MO A, —
JBEXS L% B ( Brachionusplicatilis ) 1< B ( Brine Shrimp ) JC3 $AAK Ry AL, rh AR 0 55 8 1 W10k 4l 1k = 28
PR BN (H T8 B K IR A, SR MR BB AT T L [R) Ao 458 R e B 5 B ORI . R 3
1 R AT DI AR R T I 3R A AR AR 48 e R 32 TV VIR 4l AR R R 4l A4 oh |
bR TR B M X R I K B I AR B T 1 IRIR 4N R S B N M A VR T
25, BT LA 7 B /K R P 0 © AT 3 A SO T AE AR S B 0 K A A AL RN R s B A | T
SEYERE— B TR WS N T R A R i 38 0 BRL E A 1T SR G ok s U1 I | 4 R AR e
AR KOS — R E B O0 , $5 0 ot DL R A-8 2 50 oy D 0. S 2 B MR At DA R ol 2 A M
(BRI AR &I A ) A4 LA K fif g o
1.3.3 B v At yE A A5 1

ARSI R R ARG K AR E G W R R R IR R R RIS — 3, e SR R AN A T d
HEAK, B R S 1 3 2 R B XML AN R AL S A 54T 24 h R [RIB 480, A BTl & 2 &%
REANL(4 kW) FIl 8 ES LA, B /KA &
1.4 R

AR S FHA MLBEBE R AK A% REGHYE 40.0 em A9 Z7KEE, IR — M 840 26 £5 4 A2 A0, R 5
4 A SRR 1.0 LIRG 5] M FAES B e IR S 0 (DO AR FE 3 450 (DO ) FZK IR
FH2E [ YSIPRO20i A4 (S YSI A R]) ME , #h B R ES-421 BIER B TH(ATAGO BHAF]) ME.
pH 2R EASRRER AR R AR £5 S L B AR bRl M 5200 2 7E 2 h (W IR E , pH i ] PHS-2F YR
JEH (BT RALES)) IAE  HAhAE bR IR GB 17378.4—2007 7 W AL S 0 il 7 Wil 22 | Bt 5
BRI To-Brtih 20 240 O BT (I ST AR A BR A B ) AT SR 20 , e H AU Rl A+
FEFFUR 2 KRG AR AR 1k, A 4 d W5E 1R (B 1 RS TR FE SE AR A MR R 2L ) | B A0
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8 UK. Z55 e 3k B v i AL R AN
1.5 Bt 5704

FIH EXCEL2013 HiI1E& /K Bra b th 4 - 45 & 2 I ik B 1H 580 28 20 IS 0 I 16 J32 {5 4%
IK R FE PR 2 EE. I FH SPSS19.0 45 & FAREAR t K56 ( One-Sample T Test ) X BH4FEF I E Kb B 1
A K AR bR AT 22 5 B3 PR R ORIGING.O, LARIR HF 4A HE 28 5 KRB RS AR bR, 45 0K T HE AL
(B YNABR , S5 22 57 R o Tl R Ve K BT F R dndfr 2 5]

2 ZER51HE (Results and discussion)

2.1 Bl i

2013—2016 AF 3256 W D0t~ 25 7 et RN BT T AR B B0 AR 3G N (36 1) UG AR 3 N T/
FARTE B 52352016 AR50 Wil 4 hm® 353 717.0 ke, MAR I & B 3 2E 7790 5%, 2016 4F 77 i i
AR PN T EE hm® 23 AR T 1567.5 kg 1 1260.0 kg AR 35 W 05556 1th S 15 7= 5 R 7 7 b de
PR R R = S TR BH A5 FH B 1 S e BT 1 A PR A 8 o 8 v v ™ R 1 .

R 1 20132016 X5 e I itk 7 47 ik
Table 1 Production data of seedling ponds from 2013 to 2016

SRR LR TR e
Year Area/hm? Average yield/kg Single production/ ( kg+hm™2)
2013 0.253 91.88 437.70
2014 0.253 143.07 564.75
2015 0.253 153.90 607.50
2016 0.253 181.64 717.00
2.2 Kk

2013—2016 4F & i, B /Kb A /Kl 22 A B 2 51 15.3—22.0 C 1 15.5—22.2 °C514.3—
18.8 °C #l 14.4—19.1 °C ;14.3—20.1 “C 1 14.9—20.4 °C ;15.0—21.1 °C 1 15.1—21.1 °C.2013 4E & Hi
KR 18.8 °C, FRFEAMA M T 22.0 °C ;2014 47 # - H7KIREAK, 7 17.0 °C.2015 4EF H B FHK
TR 17.4 °C 52016 4P 7K 18.3 C. 7 # /K RIS = T &K, — E 2 W sh B (# 1) . &K
HE MK 2ZE R R E(P>0.05).

M 520138 Kt Reservoir
-#- 20137 #i il Nursery pond
L 2014 At Reservoir
4ok A 20147 HiilNursery pond
e —— 2015 A5t Reservoir
~%= 20157 #i fl Nursery pond
0= 20163 A i Reservoir
o 2016 M Nursery pond

Temperature/C

9 13 17 21 25 29
Days after hanging crab cage

B 1 2013—2016 4F 7 B B AL a3 4]
Fig.1 Trends in temperature during nursery period from 2013 to 2016

2R A R Al A K K I TR PR DR R AR /N AN S L 5 o o T A TR 5 )
BRIy SRS A R B AT T T S RS A R T v AR G AR T P IR IR R
FISEE 14 1 247 DR 28 22— v SO ) Al o 2 R 40 A 14 A A A AR 2 s 8] A I 35 5 0, £ B Y L
B K R B IR T s TR R R, G R R o e B RS A A AR R R, B R A
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IR B RAS N AR K B AR N 20.0 °C 1 BEBERT 1999 AFEAS T - Tt A [ 3R R Tl e 4 AR s st
A1 S2 50, 2] 13.0 CARRBREIEH & &, SRR i o) A Wl i A2 v, 2014 4R 5 1 735
JKIREAR K 17.0 °C ,2015 4E 4 17.4 °C 2013 F12016 4EX T 18.0 C. & By M /KRR FE7E 1.5 m UL |,
AT LA RO K IR R P T 19 v AV AR R 5 W 28 5 7 1% B ], P 24038 BE AR A0, k7 B R AR 4
RELE 2—3 d (HXTE B R A K.
2.3 VSRS pH (H R EE
231  WRECE S E A A A

2013—2016 “EH ] B /K FIE Bt DO AL FE 53504 6.66—8.57 mg-L™' 1 6.34—8.49 mg-L™" |
7.94—9.51 mg-L ™' 1 7.12—9.27 mg-L™"' .7.55—9.66 mg-L ™' i1 6.20—9.49 mg-L™";6.75—9.86 mg-L ™' fll
5.35—9.60 mg- L™ (& 2) B BRI ES /K3t DO A5 fh b 4 8 Bl 4 78 DB nimi AW R R, — L T
FMGIK —2HRUE(DO>5.0 mg- L") . F 1 IS A SR F4 Bt 5 SR GRS AL N B 2 T REE B A A
SRR I 3R 5 I A4 KR A TR SE A EE SEAE 6.0 mg- L7 RL B A 2016 AEHGE 21 H—29 H ik
T 6.0 mg- L7, 5K 5.35 mg- L7 4 4FREEE A AT 3 YGRS, K I DO B3 FEAM (P <0.05) , H)52
SRR (P>0.05).

1 a 2013?5)’6 Reservoir
=20 lﬁg fiiit Nursery pond
L 20148 )’(f Reservoir
10k - 2014@@ Nursery pond
= 20158 )’(f Reservoir
*- 201577 f¥it Nursery pond

-o-2016 Skt Reservoir
-o-201 (ﬁéf Hi il Nursery pond

DO/(mg-Lh)

1 5 9 13 17 21 25 29
Days after hanging crab cage

B2 2013—2016 “FF 1] DO A filadi A
Fig.2 Trends in DO during the nursery period from 2013 to 2016

2013—2016 4575 f A TE] , 75 ik S VR 0 B i 8 DR 5 i) 385 hmn i 22 T Bk 95, 2013 4F°8 99.76%—
83.49% ,2014 4E 4 103.91%—89.34% ,2015 4E 4 109.21%—80.85% ,2016 4EJy 110.47%—74.44% . f
{8 110.47% 5 B flRAH 70.12% 4 L FLT 2016 4 (% 2).

AR KT R E B AR AR — A IR AT 5.0 mg- L7 S5m0 1 5 5L
AR T E SR EEY RAE ST A A, S EF A E A — & T 6.0 mg- L7 1
2016 B B/ 1, K B ) 20.0°C, Bl & B8 VG A A K WA A ST FE B I N, v AECA I T I (L) EE
5.0 mg- L7 DA V5 A S U0 TR B2 R SR B 7K AR VS At 480 2 S 9 0 — > EDURAAR B, (] B 34 AT DA 38 7 i S RN i
DAERFER G R  DNEE S AT AT Vs Ak S ot AR 0 o J I AH — DR 70% LA L Wil &5 i b 2016 4
AR IR A 5.35 mg-L7'.667 m* FAF= A% 47.8 ke, B 1y H s 40 S IF 2 Bt 85 1 | 0k — 2 5 i B A7 1 AR
P AL G 2 SRR
2.3.2  pH {HMELE

pH {725 Ak S5 Bk AR B 40 ot 29 285 - 7 0 1 3 . 2013—2016 4F & 1 1, E 7K fT & i ith pH
AL IEFE 23 531 M 8.39—8.54 Fi1 8.41—8.60; 8.49—8.58 Fll 8.59—8.62;8.40—8.51 Fil 8.48—8.50;
8.29—8.41 11 8.45—8.51 (¥l 3) .4 “FF W Wil — H 2B A P M A3 F it pH 76 MU4E & 5 1 )
MEAM2ZEF A EE (P >0.05) . F il pH “FI{E 8.52, fe =i {H 8.68, £ & H RSB e & 1 /K B br
(1938 B pH Ju (7.0—9.0).

FaE IZKAR pH ELZ/K iR e I H S febn. K WZAE A7 pH (HR AT, SR P 5
(LS S, BEARS FR SE st e 717 asd i sk AR pH (A R 3 K AR A o F el Ak 200 F 7
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i I A S AL S ST S P LR R A pH(EAE 7.5—9.0 Z 4Ll 7TT5 B G ) fi
s A ST T pH RN T A SR 11 IR AR S R, SR WAE pH{H 5.5—9.6 B 1T 1)
R REAEZS,7.0—9.1 N fzid pH (.4 FHEEHLE B R AT 54 1 A k8 98K, pH 2 1LTE
FEI7E 8.34—8.68 Z[A], &> Wl 5 v i i) A8 AR MR B2 O 0.3 Zi il B vh AR B B R g R A R 285

R2 FHEOILEM AL

Table 2 Dissolved oxygen saturation in seedling ponds

L LTS i 4R N "
crab cage/d (mg-L7") Temperature/ “C Salinity oxygerj{ level
(mg-L7")
1 8.49 16.0 24.0 8.51 99.76%
5 8.31 17.0 24.0 8.34 99.64%
9 7.74 18.0 25.0 8.13 95.20%
2013 ili 13 6.92 18.0 25.0 8.13 85.12%
17 6.84 19.0 25.0 7.97 85.82%
21 6.77 20.0 25.0 7.82 86.57%
25 6.37 21.0 26.0 7.63 83.49%
29 6.34 22.0 27.0 7.46 84.99%
1 9.27 14.0 23.0 8.93 103.81%
5 9.03 15.0 24.0 8.69 103.91%
9 8.52 16.0 24.0 8.51 100.12%
2014 ﬁf 13 7.95 16.0 24.0 8.51 93.42%
17 7.87 18.0 24.0 8.18 96.21%
21 7.72 18.0 25.0 8.13 94.96%
25 7.45 19.0 25.0 7.97 93.48%
29 7.12 19.0 26.0 7.97 89.34%
1 9.49 15.0 24.0 8.69 109.21%
5 8.79 16.0 24.0 8.51 103.29%
9 8.38 17.0 24.0 8.34 100.48%
2015 ﬁf 13 7.61 17.0 24.0 8.34 91.25%
17 7.08 17.0 25.0 8.29 85.40%
21 6.48 18.0 25.0 8.13 79.70%
25 6.38 20.0 25.0 7.82 81.59%
29 6.29 20.0 26.0 7.78 80.85%
1 9.6 15.0 24.0 8.69 110.47%
5 8.48 15.0 24.0 8.69 97.58%
9 7.93 16.0 24.0 8.51 93.18%
2016 4F 13 7.25 17.0 25.0 8.29 87.45%
17 6.18 20.0 25.0 7.82 79.03%
21 5.69 21.0 25.0 7.68 74.09%
25 5.68 21.0 26.0 7.63 74.44%
29 5.35 21.0 26.0 7.63 70.12%

2013—2016 4E & W B, & A AT it 5h B AR A YE Bl 53 51 o 24.0—26.3 Fil 24.3—26.5;23.2—25.5
F123.3—25.6;23.5—25.7 fil 23.6—25.8;24.1—26.3 Fl 24.2—26.4 ; 2% 4F J& Wi 1 £ 1 SL A Fa i | A Akl
Fil 23.2—26.5( [ 3) S4B 9 I B 1 /K Sbm e 58 BE AR AR A 3 oh BE T 1 R 10 T 3 R B s i
IKAEMIE K 7378 % b TR B A Eh IR 2w T E K (B A B RIAR B (P >
0.05).



12 T BELE BB R R AR K 1t A S WK BB IR P AR AL R W) 2 T 5T 3431

9.0 r 3 02013 8 Ak il Reservoir ——= 20158 A it Reservoir 281 b o 20138l Reservoir
| = 20137 it Nursery pond  —+-20157 i Nursery pond = 20137 #it Nursery pond
~=2014E K ith Reservoir -o-20168 K it Reservoir 2 2014 Kt Reservoir :
88 F 420147 HithNursery pond  -e-2016 7 it Nursery pond & 201477 #y it Nursery pond |
T 4 20158 7 il Reservoir
26 | *- 201 5% #i it Nursery pond !
o o 2016 7K i Reservoir
= - 20167 #iiilt Nursery por{d =
i . L —
w -
2.0 L " 1 M 1 1 1 " 1 " 1 1 220 1 1 M 1 1 1 n 1 1
1 5 9 13 17 21 25 29 1 5 9 13 17 21 25 29
Days after hanging crab cage Days after hanging crab cage

3 2013—2016 4EF 1 pH(a) FIELEE (b) 2R fL a3 A
Fig.3 Trends in salinity during the nursery period from 2013 to 2016

T R AR AR Al R R, AT BSREB ATRE R SE S e R R R B A Tl ad
VB 35 VA VT3 AN ) (0 PR3 e 0 Y s R S — A T TR e sh W R BB A B SR R B AR AL R
SR R 52 S W A N G R TG 31, 5 ke Y e sh i e ) S, WA R S s b 2 SR e s v o
VT B2 5 8 2 2 Wi YRR bR 4 A ol 17 6 1) B R 2 S O i it % 4 3 W00 3 B AR AR, AR Ak
23.2—26.5. 58 WS B MO B R S 2 DR s oK 2 R R B SR
24 A

TR KRR E SRR AEAEIE A LS Z( DIN) FA HLAS R A 52500 1 1 2 TCHLAS A (DIN) |, 41,
FEA A S A M A
24.1 HA

2013—2016 4E &1 1, B /K F0 & 1 9t 2 048 A6 5 B 43 51 4 0.012—0.020 mg - L™ 1 0.013—
0.038 mg-L™';0. 018—0. 026 mg + L' 1 0.018—0. 050 mg - L™"; 0. 021—0. 028 mg - L™ Fl 0. 021—
0.060 mg-L™";0.020—0.030 mg-L ™' F10.021—0.078 mg-L™' (&l 4) .4 £ & W & i i 2 A Y B i i 7]
FERATHE NS 2016 4FH ik 51 0.078 mg- L7 {EAPIE AR T P AL 9B M AN T 85 v AR VI A /K i R
(NH;-N<3 mg-L™") , ARG A i £ K AR 5. 2013—2015 4FHE 5, &K A& it 2 A 2=
SEIAN T (P>0.05),2016 4FH 1 ith 22 A W35 = T &KL (P <0.05).
242 ISR

2013—2016 4EF H ], B /KM AT B b0 il 25 242 1k 35 Bl 43 910~ 0.003—0.006 mg« L™ 1 0.003—
0.009 mg - L™"; 0. 006—0. 008 mg - L' 1 0.006—0.015 mg - L™"; 0. 007—0. 010 mg - L™" il 0.007—
0.021 mg-L™";0.008—0.010 mg-L™"F10.009—0.023 mg-L™' (& 4) . \IUAEF B AW E | & b WA A
R R T I AL SE KRS A N E R i (A 0.023 mg- L', i &5 /K A8 A T 2% ik T e 48
BN THHEOARMIEAE &R (NOS-N<O0.1 mg-L™") , W {ER A PR A A= K& B A 0. 2013—
2015 FHEG , EK A E ISR 2ZE R AR E (P>0.05) ,2016 FH MM IMHERA R ER TE
Kt (P <0.05).
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2013—2016 4F & 1 1, & /Kt A1 7 i it il A 022 A6 E 43 512 0.016—0.030 mg - L™ A1 0.016—
0.045 mg-L™';0. 016—0. 030 mg + L™ Fl 0.016—0. 068 mg - L™'; 0. 018—0. 034 mg - L Hl 0. 018—
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HITITEBR AT, KA Ak S R RS 3 8. 2013—2015 AFHE I, B/K A B B S A E R A B %
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2013—2016 4E 7 1 1, %5 7K A A i A 028 A6 A3 9 0.209—0.273 mg - L7 0.218—
0.514 mg-L™";0.220—0.280 mg - L™ 1 0.224—0.564 mg - L™'; 0. 260—0. 345 mg - L™' 1 0. 261—
0.750 mg-L™";0.278—0.387 mg- L™ i1 0.280—0.860 mg- L' (& 4) . JU4EF b S A& F I,
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2016 4F M A B 254 0.860 mg- L™, FHIME K 0.554 mg- L™, &K A A 2 T-28 [ FHig s hab Tk
-.2013—2014 AFHEFE ST , B KRS WA A R 22 TR 3 (P>0.05) ,2015—2016 4F & Bt Al A A
BERTEKH(P <0.05).
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Fig.4 Trends in ammonia nitrogen changes during the nursery period from 2013 to 2016
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2013—2016 4EF B, E /K Mo A& B i G ML B A8 1k Y Bl 43 514 0.010—0.016 mg -+ L™ A1 0.012—
0.023 mg - L™"';0.010—0.014 mg- L™ 1 0.011—0.025 mg - L™'; 0.011—0.017 mg - L™' Fl 0.011—
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A (RIS I A B (18] 5).2013 AR &K 5 F i S w25 5 AN 3 (P>0.05) ,2014—2015 4R &
KLY 2 R T E KL (P <0.05).
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