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Kaewta Limhang 2010: Suitability Studies of Low Salinity Waters for Rearing of Pacific White
Shrimp (Litopenaeus vannamei): Monoculture and Polyculture with Nile Tilapia (Oreochromis
niloticus). Doctor of Philosophy (Fisheries Science), Major Field: Fisheries Science, Department of

Fishery Biology. Thesis Advisor: Associate Professor Chalor Limsuwan, Ph.D. 209 pages.

Several studies were carried out in both laboratory setting and on farms to determine the suitable
methods of rearing Pacific white shrimp (Litopenaeus vannamei) under low salinity waters. Effects of
increasing water salinity on survival, growth, production, cost and profit from treatment ponds in which brine
water was added to increase salinity were compared with the control ponds without adding brine water. In
laboratory experiment, 62- day feeding trial was conducted by using postlarvar (PL) 8 and 10 rearing in low
salinity water of 1 and 3 part per thousand (ppt) with three different stocking (60, 90 and 120 PL/m’), three
replicate tanks per treatment in a 500-L fiberglass tank. Shrimp raised in 3 ppt groups had survival and growth
rate significantly higher than those of 1 ppt groups (P<0.05) for stocking at the same density and PL ages. The
major ions at 3 ppt were significantly higher than those in 1 ppt groups (P<0.05) about twofold. In intensive
shrimp farm, PL,, were stocked at the density of 38 PL/m’ into six earthen ponds (3,200 mz) equipped with
adequate aerators. Brine water was added into three treatment ponds throughout the 120 days of culture period
to maintain salinity between 1-3 ppt while in three control ponds brine water was added before stocking of
PL,, only. Results showed that treatment groups had survival rate 85.4% significantly higher than that of
control groups 77.1% (P<0.05) which related to higher major ions in pond water throughout 120-day culture
period. Similar results were obtained from shrimp farms that using low salinity water 1.4-2.0 ppt from Tha
chin river as the control compared to the treatment group that adding brine water to give the salinity of 2.4-3.0
ppt in the grow-out ponds (2,400 mz) with the stocking density of 25 PL/m’ but installed one aerator for
supplying two ponds. After 120 days shrimp were harvested, the treatment group had higher survival, growth,
production and profit than control group. Polyculture of L. vannamei with Nile tilapia (Oreochromis niloticus
Linn.) in low salinity water was also studied. Water was pumped from irrigation canal into three control
ponds with an average area of 5,600 mz, and the salinity ranged from 0.5-1.2 ppt. For the three treatment
ponds, brine water was added to obtain salinity between 2-4 ppt. PL,, were stocked into each pond at the
density of 9 PL/m’ and one week later Nile tilapia were stocked into the same pond at the density of 1 fish/
m’. After 80 and 120 days of culture, L. vannamei were partially harvested and PL , were stocked into the
ponds at the density of 3 PL/ m’ and raised until final harvested at day 196. The results showed that the
shrimp production, average weight, survival rate and major ions in treatment ponds were significantly higher
than the control ponds (P<0.05) but fish production from both groups was not significantly different.
Treatment ponds had higher profits than the control ponds even though the production cost was higher.
Moreover, species composition and abundance of plankton and benthos, from control and treatment groups
during the culture period were also studied. In conclusion, this study indicated that monoculture of L.
vannamei and polyculture of L. vannamei with Oreochromis niloticus under low salinity conditions shrimp
farmers should maintain salinity levels throughout the culture period in order to achieve good survival and
growth of L. vannamei. If the ionic profiles of the water were similar to sea water at the same salinity, PL-
PL,, should be stocked at the density not more than 60 PL/ m’ for rearing in 1 ppt salinity water, and between
60-90 PL/m’ at salinity 3 ppt.
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' ' Y H
ms1eh 2 Snudsimaeseagaie hwinmas Sasimsnsyay Tauazdniimssoanis

4 J dy Y 2’ <3 Aaa A
"lJ’E]QQ\?“IJ1’)LL’Jul!1l13JIWﬁEﬂ§’N 8 UL 10 YIAYUINNUAN 1 HAE 3 WANN NAIY

HUWUULANANNNY 3 52A1

nQUMS Sruaufai minmae 931N 99131N1359ANY
NARDY Map30n G£0) RIYADIn (%)
gane (A1) (NFU/A/U)

1 3442.08 2.85+0.56 0.046:+0.009 57.243.48
2 36+0.58 3.23+0.90 0.052+0.014 39.6+0.69
3 36+2.08 2.80+0.28 0.045+0.005 29.7+1.70
4 37+1.15 3.2840.95 0.053+0.015 61.1+1.90
5 37+1.15 3.5740.35 0.058+0.005 40.7+1.27
6 42+1.73 1.59+0.03 0.026+0.001 35.0+0.80
7 53+1.52 2.21+0.43 0.036+0.007 88.3+2.89
8 74+1.73 1.90+0.06 0.026+0.008 82.6+1.68
9 84+1.73 1.93+0.38 0.03140.006 70.0+1.38
10 53+0.00 3.03+0.40 0.049+0.006 88.3+0.00
11 76+2.00 2.12+0.27 0.034+0.004 84.4+2.20
12 86+2.52 1.91+0.29 0.03140.005 71.9+2.11
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Usnassgdan (Naaninaeans)

g

NAUNIT naolsa Fara ALY Tasiaew nuntiFe Twinade
NERRR (CI) (80, (Ca™) (Na") Mg™) (K
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD

1 636.5+127.6" 132.56+10.90" 23.39+7.59" 325.60+81.37" 54.03+4.76" 18.80+0.84"
2 622.2+106.2" 130.23+9.35" 24.97+6.93" 305.72+78.78" 53.2243.77" 18.41+0.37"
3 611.2498.2" 130.94+6.00" 22.8146.80" 287.17+459.63" 51.63+3.91" 18.36+0.39"
4 627.6+104.0° 129.59+8.04" 24.50+7.18" 316.90+81.20" 53.42+3.72° 18.09+0.61"
5 637.5+87.3" 128.53+10.73" 25.25+7.40° 309.14+61.79" 52.87+3.12" 18.33+0.52"
6 622.0+88.0" 128.53+13.01" 20.16+6.72" 305.36+65.54" 48.25+11.48" 18.38+0.92"
7 1,524.14402.0°  246.9846.66°  49.25+19.66" 801.28+220.73°  131.03+17.06°  36.45+3.77"
8 1,545.7+361.1°  255.02+13.43"  57.57+26.86" 785.19+239.00°  130.03+18.54°  37.29+3.73"
9 1,509.3+351.0°  262.53+10.60°  54.41+25.41° 753.604212.44°  12822+19.04°  37.02+4.13°
10 1,489.0+362.1°  266.07+10.45°  51.40+22.70" 755.12+171.17°  129.13+17.45°  36.45+4.52°
11 1,548.8+346.8"  260.08+12.55°  50.70+24.26" 751.00+185.63"  128.60+18.09"  36.57+3.41"
12 1,550.8+378.6°  248.74+1033°  50.05+25.23" 750.42+210.91°  128.62+20.01°  36.46+3.91°

[

1 1 Y
HNNELTIA mmﬁﬂﬁﬁmuﬁ”maﬂmgmﬂﬂNﬂu”lmme 1’i11WUﬁQﬁﬂ’NNLMﬂﬁNﬂuﬁlﬂNﬁufJ’éh UNNA0A (P<0.05)
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v gl e v g’ < Y 1 [ Y] o
ms1ai 4 guawihndwgeaeaszeznaimsmestaanu ludierhanuma 1 uaz 3 #iH Nanuruuiulana iy 3 szau
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AU N ALY

q

AYUNNT QNN TG pondioudl  eownduee  anwnsedn wenTwilesaw  Tulasd
ELEN ('C) azangluin (mg/1) (mg/l) (mg/1) (mg/1)
(mg/1)
1 28.1+1.0° 8.3+0.1" 6.7+0.3" 106.0+22.7" 334.7+46.0°  0.140+0.119°  0.101+0.046"
2 28.2+1.1° 8.240.1° 6.8+0.2" 102.4+25.8" 330.9+44.0" 0.153+0.154"  0.096+0.051"
3 28.2+1.0° 8.2+0.1° 6.740.2" 106.7+28.3" 337.0+50.3" 0.13740.082"  0.096+0.050"
4 28.2+1.0° 8.3+0.1° 6.7+0.3" 107.6+27.7° 331.4+47.0" 0.143+0.125"  0.084+0.045"
5 28.2+1.0° 8.2+0.1° 6.840.2" 108.8+26.5" 336.2451.3" 0.10340.071"  0.109+0.056"
6 28.2+1.0" 8.3+0.1° 6.7+0.2" 107.4+28.5" 331.9+47.5° 0.150+0.095"  0.110+0.059"
7 28.2+1.0° 8.1+0.1" 6.7+0.2" 112.6+33.1° 597.4+1449°  0.150+0.100°  0.114+0.018"
8 28.2+1.0" 8.2+0.1° 6.7+0.1" 114.3+31.0° 607.5+162.0°  0.163+0.080"  0.109+0.061"
9 28.2+1.0° 8.3+0.1" 6.7+0.3" 113.6+32.23"  586.2+138.2"  0.150+0.083"  0.101+0.047"
10 28.3+0.9" 8.240.1" 6.8+0.3" 114.7+30.6" 585.6+151.2"  0.200+0.061°  0.097+0.054"
11 28.3+1.0° 8.2+0.1" 6.8+0.3" 108.6+27.1° 575.0+132.2"  0.107+0.049"  0.111+0.062°
12 28.2+1.0° 8.3+0.1° 6.840.1" 113.1430.7° 576.741243°  0.120+0.061°  0.111+0.062"
HINENTA fundeimiudesnsuanafi g mneddinuuandaiuediiiod AYNNADA (P<0.05)
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= A 2 A 2y v o s o a a Y g
2. ﬂ]5ﬂﬂ‘ﬂ1!w9ﬂ1§!ﬂ§ﬂﬂmﬂ‘ﬂﬂ1’i!filElQQQ5111'J!!’J‘L!1—!ﬂﬂJﬂ’JE]‘I«!1ﬂ'J]N!ﬂ?JﬂﬂﬂElNﬂ1ﬁ!ﬂ3ﬁ—ﬂ!ﬂN

NIl umsEewezfinfazneuasegniumiy
2.1 HAYDITNIINTIOANY MINIYAL IALAZHANAN

y a g‘ < J
pavoIMsAnyIMIaeeavI I Iy Tasmsauiniuaaenszezinainsmne

1Y a 3’ < 1 J ' ' o 4 Y 1
AUMIANTUAMRNIZFINTNUBINIIALS Nouaeegnie HaIvINMITIAEIUIY 120 TU NQY

9 a d‘ a [ 1 T Y A oy o d‘ [ [
naaosliwandamae 831.2+31. 1 Tansuae 15 Aelihmiinm@s 16.240.2 n5u 6A51N13
Y
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M319h 5 wanaavodeu iy

wawaa/ls  hmiinimao oATINT oATINT a3 maniio
(kg) (2) pIay e 5OAN1Y (FCR)
(g/d) (%)
nQuUNAABY
1 842.5 16.2 0.125 86.6 1.31
2 796.0 16.0 0.123 82.9 1.31
3 855.0 16.4 0.126 86.7 1.31
mae 831.2431.1°  16.2+0.2" 0.125+0.001" 85.4+2.2" 1.31+0.1°
NQUAILAY
1 740.0 16.2 0.125 76.1 1.23
2 675.0 15.2 0.117 74.0 1.31
3 756.0 15.5 0.119 81.3 1.31
mae 723.7+429°  15.6+0.5" 0.120+0.004" 77.143.8" 1.28+0.05"

1 H 4
wnema Anaenmnudeonysuana i lununs mnedsiinuuanasiued el

HedAyn1ada (P<0.05)
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a%un1elus19me (Li er al., 2008) uazivdinadnolsz@nsnmmsdosuazMsnaTuoInIg
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) Y
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Mg 74.1+11.7° 38.942.7"
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HANANNY 0819N VoA IAUNINEDA (P<0.05)
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Y 9 Y v
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9 [ 1 a o8 2+ I o & g’ 2 Aa < ~
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s ca’ naz Mg” gemwlildre dniusmianunszanlungunaassdadinnunugani
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WHANUNTEANGINIINGUAIUANAIY

YsmawenTudlssau 1nngunaasaaznguaiuay lulinnuuanaienuediel
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WedAyneadn (P>0.05) Ysinawen Tudissmluriansnvesmsidesimiiosnaziygauy
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a o 1 J ] J @ 1
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v o w an a =W d? dy 1 Y
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a P 1 J Y (; 1 a Aa o T A
1J5mm"lu”lm‘nﬁmmzﬁmaﬂmﬁﬂmwnmum"lumimﬂm 0.1 WaaNINABANT (Brock

and Main, 1994)

v Y 9
ms1ei 7 quaviiavenihlums@esdeununuunluvesngunaasaaznguaiuguaaen

ﬁngSL’Jﬁ']ﬂTi!é‘ﬂQ

ﬂmﬁmﬁ’ﬁﬂlmﬁw NYUNAADY NQUAILAY
Wely AUNAY Ny AN

AW 115 e (cm) 12-28 19.0+4.0' 15-30 19.7+4.3"
qmwgﬁmmﬁyw (0 28.1-30.5 28.9+0.4" 27.8-29.6 28.9+0.4"
Niow 7.9-8.6 8.3+0.2" 7.8-8.5 8.3+0.2'
Winawondiauiiazareiuih 6.5-8.1 7.4+02" 7.0-8.0 7.6+03"
(mg/1)
ANUAY (ppt) 1.4-2.1 1.7+ 0.3" 0.3-1.3 0.6+0.2°
a3 1 (mmol/em) 1.75-3.31 2.8+ 0.4° 0.65-1.23 0.8+ 0.1°
ANuEluA193I (mg/) 160.3-255.0  186.4+23.0'  76.8-102.3  88.8+5.3"
ANUNTLAN (mg/]) 356.4-710.0  596.5+753"  205.5-301.2  241.0+23.8"
wou TudiosIu (mg/l) 0.010-0.300  0.104+0.058"  0.010-0.200  0.097+0.046"
1959 (mg/1) 0.010-0.200  0.077+0.055°  0.010-0.200  0.079+0.057"
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Y
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MINAARABNINY 67,070 VINeo 13 318 dmasminy 93,616 v mas 13 uazilsmae 31,138
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U UM
Aunu NQUNAABY NYUAILAY
AngmiusAauaun'ly 1,440 1,440
Aomsidiaduiagl 82,207 69,667
iy 12,000 3,000
sy 2,500 2,500
a Tvlvh 35,000 35,000
Adaaiuazasinil 12,000 12,000
Alsuilgaie 3,500 3,500
mFeuLmuaza 1FT0w 9 1,500 1,500
AT 6,000 6,000
Swdumuianue 157,240 134,140
sawdunu (wm/1s) 78,620 67,070
51014
WaHAATaA (" Tansw) 1,663 1,447
Hawan (A lansuae'ls) 831.2 723.7
swl&anun (11N) 219,516 187,232
51914 (U meien Tansu) 132 129
5913519 1& Wmeaels) 109,758 93,616
HanDULNY
flsitanun 62,276 53,092
flsgns (wmaels) 31,138 26,546
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dy A 1 ~ (= a g} < 1 A
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M9 9 wanaavesdav v lu

wanaals  miinmas 99131013 0M31N3 Sasuaniio
(kg) (2) i Ia 59AN1Y (FCR)
(g/d) (%)
NAUNAADY
1 636.7 21.8 0.203 73.2 1.32
2 573.3 20.5 0.185 70.5 1.35
3 606.0 20.9 0.194 72.0 1.33
mae 605+18.4°  21.140.71°  0.194+0.009"  71.9+1.10" 1.33+0.01"
NYUAILAY
1 424.7 17.9 0.168 62.4 1.34
2 398.7 16.9 0.160 58.6 1.38
3 411.8 17.3 0.164 60.4 1.36
mae 411.74184°  174+1.17°  0.164+0.004°  60.5+2.69" 1.36+0.03"
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! g’ [ { [ a a Y 1 1
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(Tu) Sminma PNIMIRIYAD 0 minmao PN INMIR YA Tn
(2) (g/d) (2) (g/d)
30 2.5 0.07 1.8 0.08
40 4.8 0.23 3.7 0.19
50 7.1 0.23 5.5 0.18
60 9.5 0.24 7.4 0.19
70 11.9 0.24 9.1 0.17
80 14.1 0.22 10.9 0.18
90 16.1 0.20 12.7 0.18
100 18.2 0.21 14.5 0.18
110 20.2 0.20 16.3 0.18
120 212 0.10 17.4 0.11
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Phylum Rotifera
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PL8/90 6 2.5683 .92454 37744 1.5981 3.5386 1.83 3.93
PL8/120 6 2.3683 .56208 22947 1.7785 2.9582 1.69 3.09
PL10/60 6 3.1550 .66296 .27065 2.4593 3.8507 2.28 4.16
PL10/90 6 2.8433 .84021 .34301 1.9616 3.7251 1.91 3.96
PL10/120 6 1.7533 .25485 .10404 1.4859 2.0208 1.56 2.19
Total 36 2.5364 .76040 12673 2.2791 2.7937 1.56 4.16
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MI190UINT 6 (D)

Sum of Squares df Mean Square F Sig.
Between Groups 6.716 5 1.343 2.980 .027
Within Groups 13.521 30 451
Total 20.237 35
PL/den Subset for alpha = .05

1 2

PL10/120 1.7533
PL8/120 2.3683 2.3683
PL8/60 2.5300 2.5300
PL8/90 2.5683 2.5683
PL10/90 2.8433
PL10/60 3.1550
Sig. .062 .078

161



a a J ' ' ' A Z’ o 9 a4 9 3’ < AAA o
MINNUINN 7 ﬂ'li'ﬂlﬂi'lgﬁﬂj']ull@ﬂ@n\‘lig1’731\1?\“%aEJSU’E_Nu'lwuﬂfl\‘]ﬂl'nl!juu’lhlmﬂlafl\iﬂ')ﬂu’lﬂj'llllﬂll 1 1ag 3 NN Glu’i]ﬁi'lﬂj'lll

MUY 3 52AY AD 60, 90 taz 120 #/a3.3. 1as1435 Analysis of Variance (ANOVA) 1oz 14 F-test naaauanuiitiad ‘”ty‘ﬁ
sERUAMUITeIY 95%
N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum Maximum
Lower Bound Upper Bound

1ppt/60 6 2.5300 .56840 23205 1.9335 3.1265 1.92 3.37
1ppt/90 6 2.5683 92454 37744 1.5981 3.5386 1.83 3.93
Ippt/120 6 2.3683 .56208 22947 1.7785 2.9582 1.69 3.09
3ppt/60 6 3.1550 .66296 27065 2.4593 3.8507 2.28 4.16
3 ppt/90 6 2.8433 .84021 .34301 1.9616 3.7251 1.91 3.96
3ppt/120 6 1.7533 25485 .10404 1.4859 2.0208 1.56 2.19
Total 36 2.5364 .76040 12673 2.2791 2.7937 1.56 4.16
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4
MINNHINN 7 (71D)

Sum of Squares df Mean Square F Sig.
Between Groups 6.716 5 1.343 2.980 .027
Within Groups 13.521 30 451
Total 20.237 35
PLden Subset for alpha = .05

1 2

3ppt/120 1.7533
1ppt/120 2.3683 2.3683
1ppt/60 2.5300 2.5300
1ppt/90 2.5683 2.5683
3ppt/90 2.8433
3ppt/60 3.1550
Sig. .062 .078
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MINNUINN 8 m‘s’gmiwwmmgmﬂmﬁgwawmmaEJSUENEJG]ﬁmiLi]imgmuiﬁqﬁﬂl1aLL’Juu1uluwlat’Nmﬂmmmmn 1 1ag 3 NN Tﬂﬂl“]f')‘ﬁ

@ o

Independent Samples T-test NAADUANUT BTN YNTZAVAWFOIU 95%

salinity N Mean Std. Deviation Std. Error Mean
growth 1 18 .04656 .013347 .003146 0.003146
3 18 .03433 .009068 .002137 0.002137

Levene's Test for

Equality of Variances t-test for Equality of Means
95% Confidence Interval
Sig. (2- Mean Std. Error of the Difference
F Sig. t df tailed) Difference  Difference Lower Upper
growth Equal variances
assumed 4.241 .047 3.214 34 .003 .012222 .003803 .004493  0.019952
Equal variances not 3.214 29.938 .003 .012222 .003803 .004493  0.019952

assumed
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4 a 4 1 J 1 { @ a a Y e @ ] @
mﬁnwmnﬁ 9 ﬂ1§’JLﬂ§1$Wﬂ’J13JLWIﬂ@]Ni$W’J'Nfnma8611E]\3E]G]i1ﬂ1§!ft]iiIUJLG]‘UTG]f]Q"U'I’JLL’JHUWUhJﬁLEﬂﬂuﬁ]@]ﬁ'lﬂﬁnllﬂuuluu 33¥AU ﬁ@ 60, 90

wag 120 A/m3.3. Taal¥33 Analysis of Variance (ANOVA) uaz 1% F-test nasouanuiiied

[ [

g

AUNTZAVANUFDITU 95%

N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum Maximum
Lower Bound Upper Bound
60 12 .04575 .010855 .003134 .03885 .05265 .031 .067
90 12 .04242 .015530 .004483 .03255 .05228 .016 .064
120 12 .03317 .008537 .002464 .02774 .03859 .025 .050
Total 36 .04044 .012841 .002140 .03610 .04479 .016 .067
Sum of Squares df Mean Square F Sig.

Between Groups .001 2 .001 3.543 .040
Within Groups .005 33 .000

Total .006 35
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MI1WUINT 9 (AD)

density N Subset for alpha = .05

1 2
120 12 .03317
90 12 .04242 .04242
60 12 .04575
Sig. .068 501
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MINNNUINN 10 ﬂ’lﬁ']!ﬂi’lgqﬂﬂ’ﬂﬂllﬁﬂ@]'Nﬁ3W31Qﬂ1lﬂﬁ8ﬂl@\1@@i’lﬂ’]imiiylﬁﬂiﬂf]ﬂﬂl’l')ll:]uu’lulllﬂ!aENI@]EJGL%QﬂQ\iingZT‘Wﬁa'ﬁ'J'I 8 1Az 10

TudR31 ANBNUILUY 3 52U AD 60, 90 taz 120 A/a3.4. 1as1435 Analysis of Variance (ANOVA) 11814 F-test naaoy

A o

TN

[

5]

[

Heod mﬁimummg%ﬁu 95%

N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum Maximum
Lower Bound Upper Bound
PL8/60 6 .04067 .009158 .003739 .03106 .05028 .031 .054
PL8/90 6 .03883 .017792 .007264 .02016 .05751 .016 .063
PL8/120 6 .03817 .009196 .003754 .02852 .04782 .027 .050
PL10/60 6 .05083 .010647 .004347 .03966 .06201 .037 .067
PL10/90 6 .04600 .013535 .005526 .03180 .06020 .031 .064
PL10/120 6 02817 .003971 .001621 .02400 .03233 .025 .035
Total 36 .04044 .012841 .002140 .03610 .04479 .016 .067
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MI190UINA 10 (MD)

Sum of Squares df Mean Square F Sig.
Between Groups .002 5 .000 2.685 .040
Within Groups .004 30 .000
Total .006 35
PL/den Subset for alpha = .05

1 2
PL10/120 .02817
PL8/120 .03817 .03817
PL8/90 .03883 .03883
PL8/60 .04067 .04067
P110/90 .04600
PL10/60 .05083
Sig. .095 .098
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ATNNUINN 11 ﬂ’lﬁ')l;ﬂi’lgrﬂﬂj'lllllﬁﬂ@]’l\?ﬁgﬂﬂ'l\‘lﬂ'llﬂﬁﬂsllﬂ\‘l@@]i'lﬂ']imiiylﬁﬂiﬁf]\?sll'l'J!L'Juu'luliJT]!aEJ\W]'JEJH’I?]'J’]?JL?HJ 1 HaE 3 NN 11&@@51

ANUNUILUY 3 TTAV AD 60, 90 taz 120 #/a3.3. 1as1435 Analysis of Variance (ANOVA) t1az 14 F-test naaounuil

e “@ﬁizﬁummﬁaﬁ’u 95%
N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum Maximum
Lower Bound Upper Bound
1ppt/60 6 .04933 .011843 .004835 .03690 .06176 .036 .067
1ppt/90 6 .05483 .010147 .004143 .04418 .06548 .036 .064
1ppt/120 6 .03550 .011149 .004552 .02380 .04720 .025 .050
3ppt/60 6 04217 .009390 .003833 .03231 .05202 .031 .056
3ppt/90 6 .03000 .007589 .003098 .02204 .03796 .016 .039
3ppt/120 6 .03083 .004792 .001956 .02580 .03586 .026 .038
Total 36 .04044 .012841 .002140 .03610 .04479 .016 .067
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MI1INUINN 11 (AD)

Sum of Squares df Mean Square F Sig.
Between Groups .003 5 .001 6.913 .000
Within Groups .003 30 .000
Total .006 35
Sal/den N Subset for alpha = .05

1 2 3 4

3ppt/90 6 .03000
3ppt/120 6 03083 03083
1ppt/120 6 .03550 .03550
3ppt/60 6 .04217 .04217
1ppt/60 6 .04933 .04933
1ppt/90 6 .05483
Sig. 350 .058 .199 322

00¢
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Independent Samples T-test NAFOUANUN N RYNTEAVAMFOTU 95%

[ [

5]

Sal N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum Maximum
Lower Bound Upper Bound

1 18 43.889 11.8548 2.7942 37.994 49.784 28.3 63.3

3 18 80911 7.7255 1.8209 77.069 84.753 69.2 91.6

Total 36 62.400 21.2061 3.5344 55.225 69.575 28.3 91.6
Sum of Squares df Mean Square F Sig.

Between Groups 12335.804 1 12335.804 123.223 .000

Within Groups 3403.716 34 100.109

Total 15739.520 35
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ANTNNHUINN 13 ﬂ'li'glﬂi'lgqﬂﬂj'mllﬁﬂ@]'N531/?'J’l\‘lﬂ'lﬁlaﬂ'ﬂﬁ51ﬂ'155'E]@G]']EJQQ(’U']'JLL'JHU']UhJﬂLaENI@ﬂaqugﬂf!\iigﬂgiv\lﬁa’lia'l 8 uag 10 Iﬂfﬂﬂf

S W

% Independent Samples T-test NAAOUANNUTBA ‘"aﬁazﬁumm%aﬁu 95%
PL N Mean Std. Deviation Std. Error Mean
survival PLS8 18 61.222 22.0712 20.0712 5.2022
PL10 18 63.578 20.8753 20.8753 4.9204
Levene's Test for
Equality of Variances t-test for Equality of Means
95% Confidence Interval of
Sig. (2- Mean Std. Error the Difference
F Sig. t df tailed) Difference Difference Lower Upper
growth  Equal variances
assumed .109 744 -.329 34 744 -2.3556 7.1605 -16.9075 12.1964
Equal variances not -.329 33.895 744 -2.3556 7.1605 -16.9092 12.1980

assumed
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4 a 4 1 1 J { o Y e @ ] @
mﬁnwmnﬁ 14 ﬂ1§’JLﬂi1$Wﬂ’J13JLL§Iﬂ@]'l\ﬁgﬂ’ﬂx‘lﬂnﬂaﬂﬁu@\‘lﬂﬁ§1ﬂﬁi@ﬂG]'IEJQQGUTJLL’JuufliJﬁLaEJ\“IGLH’EJG]51?]?]1%141&1&&‘1&“ 332AU ﬁ'ﬂ 60, 90

waz 120 A/m3.3. Taal¥33 Analysis of Variance (ANOVA) taz 1% F-test nagouay

A W

IR AGRT

@

NIZAUANUFDIU 95%

N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum Maximum
Lower Bound Upper Bound
60 12 73.717 15.4251 4.4528 63.916 83.517 533 91.6
90 12 61.825 22.6745 6.5456 47.418 76.232 38.8 86.6
120 12 51.658 20.3188 5.8655 38.748 64.568 28.3 74.2
Total 36 62.400 21.2061 3.5344 55.225 69.575 28.3 91.6
Sum of Squares df Mean Square Sig.

Between Groups 2925.372 2 1462.686 3.767 .034
Within Groups 12814.148 33 388.308

Total 15739.520 35
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MIINUINN 14 (AD)

density N Subset for alpha = .05

1 2
120 12 51.658
90 12 61.825 61.825
60 12 73.717
Sig. 215 .149
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H a 4 1 1 1 1 [ Y i 9 Y 4
msnwmnﬁ 15 ﬂ1§’JLﬂ§1$Wﬂ’J1ﬂJLmﬂ@]'l\ﬁgﬂ’ﬂx‘lﬂnﬂaﬂﬁu@\‘l@ﬁi1ﬂﬁi?JﬂG]'IEJQ\‘IGUTJL!’JulH]liJﬁLaEJ\ﬂﬂﬂiﬂf@jﬂf}ﬁi%EJgIW’dﬁﬁ’ﬂ g uaz 10

dy Y g} < A A gas . . Y A o o
LQYIAIYUIANNAN 1 LA 3 WNN Iﬂﬂbl‘lﬂ‘ﬁ Analysis of Variance (ANOVA) Lm%iﬂf F-test NATOUAINNNUIA

1¥DNU 95%

[ [

ANTLAUANY

g

N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum Maximum
Lower Bound Upper Bound
PL8/1ppt 9 42.167 12.2222 4.0741 32.772 51.561 28.3 60.0
PL10/1ppt 9 45.611 11.9407 3.9802 36.433 54.790 34.2 63.3
PL8/3ppt 9 80.278 8.2933 2.7644 73.903 86.653 69.2 91.6
PL10/3ppt 9 81.544 7.5594 2.5198 75.734 87.355 70.0 88.3
Total 36 62.400 21.2061 3.5344 55.225 69.575 28.3 91.6

S0T



MI1WUINT 15 (M0)

Sum of Squares df Mean Square F Sig.
Between Groups 12396.413 3 4132.138 39.553 .000
Within Groups 3343.107 32 104.472
Total 15739.520 35
PL/Sal Subset for alpha = .05

1 2

PL8/1ppt 42.167
PL10/1ppt 45.611
PL8/3ppt 80.278
PL10/3ppt 81.544
Sig. 480 794
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A a J 1 1 1 A o Y A dy 9 oy < A A @
ANTNNUINN 16 mi’Jmiwwmmgmﬂmﬂiwrn\‘lm!,ﬂaﬂﬁumﬂmSmﬁiaﬂmﬁlm6111’JLnum]lm/lmmmﬂmmmm3J 1 g 3 NN 11&@@]5’]

%

AMUUUILUY 60, 90 118 120 A/n5.4. 1A 93T Analysis of Variance (ANOVA) 11az 19 F-test naaouanuiitioddynszau

ANUFDIU 95%

N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum Maximum
Lower Bound Upper Bound
1ppt/60 6 59.150 3.2965 1.3458 55.691 62.609 53.3 63.3
1ppt/90 6 40.167 1.1057 4514 39.006 41.327 38.8 422
1ppt/120 6 32.350 3.1380 1.2811 29.057 35.643 28.3 35.8
3ppt/60 6 88.283 1.8258 7454 86.367 90.199 86.6 91.6
3ppt/90 6 83.483 2.0183 .8240 81.365 85.601 81.1 86.6
3ppt/120 6 70.967 1.9201 7839 68.952 72.982 69.2 74.2
Total 36 62.400 21.2061 3.5344 55.225 69.575 28.3 91.6
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MI19UINT 16 (MD)

Sum of Squares df Mean Square Sig.
Between Groups 15574.367 5 3114.873 565.815 .000
Within Groups 165.153 30 5.505
Total 15739.520 35
Sal/den Subset for alpha = .05

1 2 5 6

1ppt/120 6 32.350
1ppt/90 6 40.167
1ppt/60 6 59.150
3ppt/120 6 70.967
3ppt/90 6 83.483
3ppt/60 6 88.283
Sig. 1.000 1.000 1.000 1.000 1.000 1.000
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