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Abstract

Optimization of soilless cultural system, nutrient solution formula, cultural container
and cultural substrate for lettuce production in the winter, 2001 and rainy, 2002 that were
conducted by three experiments. Experiment [ : A nuirient  solution formula test of 4
treatments(N1, N2, N3, N4) in NFT and DFT system. The results showed that almost treatments
were not significant in the growth characters (stem height, leaf number, stem diameter and canapy
width at the ages 14, 21, 28, 35 days) and including of the yield characters( fresh root weight, fresh
shoot weight and frésh whole plant weight) in all seasons. Experiment II : A cultural system
comparaison of 10 treatments ; 2 NFT(T1,T8), 4 DFT(T2,T5,T6,T7), 2 DWT (T3,T4), a substrate
culture(T10), a soil culture(T9). In the winter, the results showed that NFT(T1) and DFT(T2) gave
the growth characters higher than the other treatments, and DFT(T2) gave the highest yield. In the
rainy, All treatments were not significant by differences in almost growth characters. Experiment
I : A test for 2 cultural containers(C1,C2) and 4 cultural substrates(S1, S2, §3, 84). In the winter,
the results showed that C1, S1, S2 gave the highest growth characters and the treatment that gave
the highest yield was S2 in C1. In the rainy testing in all experiments, all treatments could not be
harvested so it there were no results for this experiment.

For season affect in the growth and yield characters of lettuce in soilless production, the
lettuce grown in rainy was found that the stem height was higher than that was grown in the winter
(experiment I at the ages 14, 21 days and experiment II at all ages), which was similar results in the
stem diameter(all experiments). The lettuce grown in the winter the leaf number and the canapy

width were higher than these grown in the rainy (all experiments).

Keywords : lettuce, hydroponics, soilless cultural system, NFT, DET, DWT, nutrient solution,

cultural substrate, cultural container
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Table 1 Plant height of lettuce (cm) at the age 14, 21, 28 and 35 days after sowing as affect

by two cultural systems and four nutrient solution formulas in the winter 2001............

Table 2 Stem diameter of lettuce (cm) at the age of 14, 21, 28 and 35 days after sowing

as affect by two cultural systems and four nutrient solution formulas in the

L0713 e 011 ) U

Table 3 Leaf number of lettuce at the age of 14, 21, 28 and 35 days after sowing as affect

by two cultural systems and four nutrient solution formulas in the winter 2001............

Table 4 Canapy width of lettuce (cm) at the age of 14, 21, 28 and 35 days after sowing

as affect by two cultural systems and four nutrient solution formulas in the
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Table 5 Fresh weight of lettuce (g/root) at the harvest age (42 days} after sowing as affect

by two cultural systems and four nutrient solution formulas in the winter 2001.........

Table 6 Plant height of lettuce {cm) at the age of 14, 21, 28 and 35 days after sowing as

affect by two cultural systems and four nutrient solution formulas in the rainy 2002. .....

Table 7 Stem diameter of lettuce (cm) at the age of 14, 21, 28 and 35 days after sowing

as affect by two cultural systems and four nutrient solution formulas in the rainy
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Table 9 Canapy width of lettuce (cm) at the age of 14, 21, 28 and 35 days after sowing
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Table 10 Plant height of lettuce (cm) at the age of 14, 21, 28 and 35 days after sowing as

affect by ten treatmentis in the winter 2001.

Treatment Days after sowing
14 days 21 days 28 days 35 days

T1 4,25 5.65 10.50 A 15.20 A
T2 4.33 5.80 11.35A 14.70 A
T3 4.45 5.75 9.90 AB 13.15 AB
T4 4.05 6.05 890 AB 9.65 AB
T3 4.65 5.40 10.25 AB 14.70 A
T6 4.05 5.50 10.75 A 15.85A
T7 4.4 5.35 9.60 AB 12.15 AB
T8 3.85 4.75 7.00C 7758
T9 3.70 4.86 695C 7.35B
T10 3.48 4.00 7.90 BC 9.80 AB

Average 4,15 5.38 9.39 12.15
F-test NS NS * *
CV. 14.95 8.29 10.45 19.98

T1 = Nutrient Film Technique (NFT) type I, constructed of PE and foam,

T2 = Deep Flow Technique (DFT) type I, constructed of PE and foam.

T3 = Deep Water Technique without oxygen addition (DWT), constructed of PE and foam.
T4 = Deep Water Technique with oxygen addition (DWT + 02), constructed of PE and foam.
T5 = Deep flow Technique(DFT) type Ila, constructed of PVC and one floor.

T6 = Deep flow Technique(DFT) type IIb, constructed of PVC and two floor.

T7 = Deep flow Technique(DFT) type 111, constructed of PE.

T8 = Nutrient Film Technigue (NFT) type I, constructed of HDPE.

T9 = Seil Culture

Ti0 = Substrate Culture

In the same column, means with the same letter (A to E) do not significantly at p = 0.05 (DMRT).

* = Significantly at p = 0.03, ** = Significantly at p = 0.01, NS = Non — significant.
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Table 11 Stem diameter of lettuce (¢cm) at the age of 14, 21, 28 and 35 days after sowing as

affect by ten treatments in the winter 2001.

Treatment Days after sowing
14 days 21 days 28 days 35 days
T1 0.27 0.37 AB 0.64 A 0.87 A
T2 0.26 042 A 0.66 A 0.87 A
T3 0.27 041 A 0.63A 0.79 AB
T4 0.25 0.39 AB 0.55B 0.68 BC
T5 0.30 0.36 AB 0.64 A 0.74 AB
T6 0.26 0.32 A-C 0.67 A 0.80 AB
T7 0.25 043 A 0.69 A 0.80 AB
T8 0.20 0.34 AB 044 C 0.57C
T9 0.22 0.29 BC 0.39CD 0.51C
T10 0.20 022C 034D 0.51C
Average 0.25 0.36 0.58 0.72
F-test NS . o i
CV. 12.03 12.00 5.84 9.56

T1 = Nutrient Film Technique (NFT) type I, constructed of PE and foam.

T2 = Deep Flow Technique (DFT) type I, constructed of PE and foam.

T3 = Deep Water Technigue without oxygen addition (DWT), constructed of PE and foam.
T4 = Deep Water Technigue with oxygen addition (DWT + 02), constructed of PE and foam.
T5 = Deep flow Technique(DFT) type I3, constructed of PVC and one {loor.

T6 =Deep flow Technique(DFT) type [Ib, constructed of PVC and two floor.

T7 = Deep flow Technique(DFT) type 111, constructed of PE.

T8 = Nutrient Film Technique (NFT) type 11, constructed of HDPE.

T% = Soil Culture

T10 = Substrate Culture

In the same column, means with the same letter (A to E) do not significantly at p = 0.05 (DMRT).

* = Significantly at p = 0.05, ** = Significantly at p = 0.01, NS = Non — significant.
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Table 12 Leaf number of lettuce at the 14, 21, 28 and 35 days after sowing as affect by ten

treatments in the winter 2001.

Treatment Days after sowing
14 days 21 days 28 days 35 days

T1 4.10 720 A 11.80 A 2120 A
T2 4.00 7.70 A 12.70 A 20,40 A
T3 4.00 7.60 A 1240 A 18.80 AB
T4 3.80 720A 1130 A 16.70 B
TS 3.50 7.60 A 1130 A 17.30B
T6 4.00 710 A 1140 A 18.80 AB
T7 4.20 770 A 12.60 A 19.10 AB
T8 4.00 6.40 A 8.00B 13.00C
T9 4.00 5.00B 7.70B 980D
T10 3.60 4.80 B 740 B 10.20D

Average 3.94 6.94 10.83 16.86

F-test NS ok *¥ ¥

Cv. 7.38 8.13 7.33 6.56

T1 = Nutrient Film Technique (NFT) type I, constructed of PE and foam.

T2 = Deep Flow Technique (DFT) type I, constructed of PE and foam.

T3 = Deep Water Technique without oxygen addition (DWT), constructed of PE and foam.
T4 = Deep Water Technique with oxygen addition (DWT + O2), constructed of PE and foam.
T5 = Deep flow Technique(DFT) type Ifa, constructed of PVC and ong floor.

T6 = Deep flow Technique(DFT) type IIb, constructed of PVC and two floor,

T7 = Deep flow Technique(DFT) type 1], constructed of PE.

T8 = Mutrient Film Technique {(NFT) type 11, constructed of HDPE.

T9 = Soil Culture

T10 = Substrate Culture

In the same column, means with the same letter (A to E) do not significantly at p = .05 (DMRT).

* = Significantly at p = 0.03, ** = Significantly at p = 0.01, NS = Non - significant.
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Table 13 Canapy width of lettuce (cm) at 14, 21, 28 and 35 days after sowing as affect by ten

treatments in the winter 2001.

Days after sowing

Treatment
14 days 21 days 28 days 35 days
T1 8.25 18.15 AB 27.05 A 34.45
T2 9.40 1940 A 27.05 A 34.25
T3 9.45 18.70 AB 22.50 AB 27.10
T4 7.75 18.75 AB 22.10 AB 22.35
T5 9.5 18.70 AB 24.05 A 28.65
T6 8.8 17.55 AB 2725 A 31.50
17 8.95 17.80 AB 2420 A 28.20
T8 7.55 14.85 BC 17.30 BC 22.40
T9 7.39 11.55CD 1585C 17.95
T10 8.1 10.00 D 17.30BC 23.50
Average 8.60 16.89 22.74 27.12
F-test NS o ¥ NS
CV. 11.82 9.34 10.81 15.84

T1 = Nutrient Film Technique (NFT) type I, constructed of PE and foam.

T2 = Deep Flow Technique (DFT) type I, constructed of PE and foam.

T3 = Deep Water Technique without oxygen addition (DWT), constructed of PE and foam.
T4 = Deep Water Technique with oxygen addition (DWT + 02), constructed of PE and foam.
T5 = Deep flow Technique(DFT) type lla, constructed of PVC and one floor.

T6 = Deep flow Technique(DFT) type 1Ib, constructed of PVC and two floor,

T7 = Deep flow Technique(DFT) type HI, constructed of PE.

T8 =Nutrient Film Technique (NFT) type II, construcied of HDPE.

T9 = Soil Culture

T10 = Substrate Culture
In the same column, means with the same letter (A to E) do not significantly at p = 0.05 (DMRT).

* = Significantly at p = 0,03, ** = Significantly at p = 0.01, NS = Non - significant.
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Table 14 Fresh weight of lettuce (g/plant) at the harvest (42 days) as affect by ten treatments

in the winter 2601.

Treatment Fresh weight (g/plant)
Total plant Leaf Root Stem
Tl 220.48A8 171.74AB 16.30AB 26.44A
T2 304.48A 246.56A 22.74A 35.16A
T3 196.18AB 147.89A-C 10.69B-D 37.60A
T4 81.80C-E 69.05CD 3.30CD G.44B-D
TS 134.06B-E 109.32B-D 8.55B-D 16.18B-D
T6 179.24A-D 140.91BC 12.40BC 25.92AB
17 144.44B-E 114.21B-D 9.13B-D 21.10A-C
T8 67.37DE 50.82CD 2.28CD 14.27B-D
TS 21.98E 16.22D 0.60D 5.15CD
T10 63.14DE 50.82CD 1.85D 2.87D
Average 145.43 115.99 9.15 20.28
F-test %% *% o *
CV. 34.02 35.23 43.81 34.38

Tt = Nutrient Film Technique (NFT) type I, constructed of PE and foam.

T2 =Deep Flow Technique (DFT) type |, constructed of PE and foam.

T3 =Deep Water Technigue without oxygen addition (DWT), constructed of PE and foam.
T4 = Deep Water Technigue with oxygen addition (DWT + 02}, constructed of PE and foam.
T5 = Deep flow Technique(DFT) type Ila, constructed of PVC and one floor,

T6 = Deep flow Technique(DFT) type IIb, constructed of PVC and two floor.

T7 = Deep flow Technique(DFT) type 111, constructed of PE.

T8 = Nutrient Film Technique (NFT) type II, constructed of HDPE.

T9 = Soil culture

T10 = Substrate Culture

In the same column, means with the same letter (A to E) do not significantly at p = 0.05 (DMRT).

* = Significantly at p = 0.05, ** = Significantly at p = 0.01, NS = Non - significant.
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Table 15 Plant height of leftuce (cm) at 14, 21, 28 and 35 days after sowing as affect by (en

treatments in the rainy 2002,

Treatment Days after sowing
14 days 21 days 2§ days 35 days
T1 346 5.26 6.71 12.14
T2 3.61 5.02 8.70 9.35
T3 3.64 4.86 4.79 4.60
T4 3.68 4.65 4.85 5.50
TS5 3.68 5.32 6.60 9.88
T6 3.53 5.07 6.25 7.69
T7 3.63 5.22 5.48
T8 3.59 5.18 5.23
T9 3.66 4,51 4.83 5.66
T10 347 5.02 6.37 7.82
Average 3.60 5.01 598 .97
F-test NS NS NS NS
Cv. 3.16 12.59 2393 22.80

T1 = Nutrient Film Technique (NFT} type 1, constructed of PE and foam.

T2 = Deep Flow Technique (DFT) type I, constructed of PE and foam.

T3 = Deep Water Technique without oxygen addition (DWT), constructed of PE and foam.
T4 = Deep Water Technique with oxygen addition (DWT + O2), constructed of PE and foam.
T5 = Deep flow Technique(DFT) type lia, constructed of PVC and one floor.

T6 = Deep flow Techmique(DFT) type 1Ib, constructed of PYC and two floor.

T7 = Deep flow Technique(DFT) type 111, constructed of PE.

T8 = Nutrient Film Technique (NFT) type I, constructed of HDPE.

T9 = Soil Culture

T10 = Substrate Culture
In the same columm, means with the same letter (A to E) do not significantly at p = 0.05 (DMRT).

* = Significantly at p = 0.05, ** = Significantly at p = 0.01, NS = Non — significant.
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Table 16 Stem diameter of lettuce (cm) at 14, 21, 28 and 35 days after sowing as affect by ten

treatments in the rainy 2002,

Treatment Days after sowing
14 days 21 days 28 days 35 days
Ti 0.19B 0.45 0.60
T2 0.27A 0.45 0.74 0.95
T3 0.28A 0.43 0.48 0.50
T4 0.31A 0.38 0.43 0.65
5 0.32A 0.46 0.57 1.02
T6 0.27A 0.43 0.58 0.79
T7 0.30A 0.43 0.50
T8 0.26A 0.46 0.48
T9 1.26A 0.41 0.81 0.59
T10 0.53A 0.45 0.53 0.66
Average 0.28 0.44 0.57 0.74
F-test * NS NS NS
CV. 9.27 12.75 313 19.96

T1 = Nutrient Film Technigue (NFT) type I, constructed of PE and foam.

T2 = Deep Flow Technique (DFT) type I, constructed of PE and foam.

T3 = Deep Water Technique without oxygen addition (DWT), constructed of PE and foam.
T4 = Deep Water Technique with oxygen addition (DWT + 02}, constructed of PE and foam.
T5 = Deep flow Technique(DFT) type la, constructed of PVC and one floor.

T6 = Deep flow Technique(DFT) type lb, constructed of PVC and two floor.

T7 = Deep flow Technique(DFT) type I, constructed of PE.

T8 = Nutrient Film Technique (NFT) type 11, constructed of HDPE.

T9 = Seil Culture

T16 = Substrate Culture
In the same column, means with the same letter (A to E) do not significantly at p = 0.05 (DMRT).

* = Significantly at p = 0.05, ** = Significantly at p = 0.01, NS = Non - significant.
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Table 17 Leaves number of lettuce at the age 14, 21, 28 and 35 days after sowing as affect by

ten treatments in the rainy 2002.

Treatment Days after sowing
14 days 21 days 28 days 35 days
T1 3.00 5.50 6.95 13.20
T2 3.50 5.50 8.30 9.70
T3 3.60 5.13 5.00 5.00
T4 3.30 4.30 4.67 5.20
15 3.40 4.90 5.95 10.60
T6 3.50 4.70 6.03 8.20
7 3.80 5.47 5.75
T8 3.40 5.20 5.17
T9 3.50 4.90 5.50 6.60
T10 3.10 5.00 6.40 8.10
Average 341 5.06 5.97 8.29
F-test NS NS NS NS
CV. 8.80 15.95 21.81 17.1

T1 =Nutrient Film Technique (NFT) type I, constructed of PE and foam.

T2 = Deep Flow Technigue (DFT) type I, constructed of PE and foam.

T3 = Deep Water Technique without oxygen addition {(DWT), constructed of PE and foam.
T4 = Deep Water Technique with oxygen addition {DWT + O2), constructed of PE and foam.
T5 = Deep flow Technique(DFT) type I}z, constructed of PVC and one floor.

T6 = Deep flow Technique(DFT) type [b, constructed of PVC and two floor,

T7 =Deep flow Technique(DFT) type IH, constructed of PE.

T8 = Nutrient Film Technique (NFT) type Il, constructed of HDPE.

T9 = Soil Culture

T10 = Substrate Culture

In the same column, means with the same letter (A to E) do not significantly at p = 0.05 (DMRT).

* = Significantly at p = 0.05, ** = Significantly at p = 0.01, NS = Non — significant.
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Table 18 Canapy width ef lettuce (cmn) at 14, 21, 28 and 35 days after sewing as affect by ten

treatments in the rainy 2002,

Days after sowing

Treatment
14 days 21 days 28 days 35 days

T1 4.26 8.81 12.45 24.14
T2 5.69 8.54 15.45 19.11
T3 6.07 7.76 7.4% 740
T4 6.32 7.13 7.12 9.50
TS5 5.47 8.77 11.41 24.58
T6 5.77 8.62 11.48 14.75

T7 534 8.58 8.91

T8 5.75 8.43 7.52
9 4.77 5.67 7.17 12,62
T10 5.49 6.98 9.77 13.92
Average 5.49 7.93 9.88 15.28

F-test NS NS NS NS

CV. 11.82 2244 34.38 39.47

T1 = Nutrient Film Technique (NFT) type 1, constructed of PE and foam.

T2 = Deep Flow Technique (DFT) type I, constructed of PE and foam.

T3 = Deep Water Technique without oxygen addition (DWT), constructed of PE and foam.
T4 = Deep Water Technique with oxygen addition (DWT + O2), constructed of PE and foam.
T5 = Deep flow Technique(DFT) type ila, constructed of PVC and one floor.

T6 = Deep flow Technique(DFT) type IIb, constructed of PVC and two floor.

T7 = Deep flow Technique(DFT) type 111, constructed of PE.

T8 = Nutrient Film Technigue (NFT) type [I, constructed of HDPE.

T9 = Soil Culture

T10 = Substrate Culture

In the same column, means with the same letter (A to E) do not significantly at p = 0.05 (DMRT).

* = Significantly at p = 0.05, ** = Significantly at p = 0.01, NS = Non — significant.






















































