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Abstract

The research on Production and Efficient Testing of Minor Element and

Trace Element in Organic Forms from Agricultural Residues for Organic Farming in Royal 

Project Foundation Highland Area has the objectives on finding of the procedure for minor 

element and trace element production in organic forms from Agricultural residues for organic 

farming production and save the cost from chemical fertilizers. The testing had been done in 3 

elements of Calcium, Magnesium and Boron. The testing also had been done with Tomato and 

Broccoli Production. 

 The study on the production of water soluble Calcium from five (5) types of

wasted Calcium sources that included eggshells, sea mussel shells, cockle shells, oyster shells and 

shipworm shells found that wood vinegar (100%) mix with cockle shells could extract water 

soluble Calcium with the highest amount of water soluble Calcium (5.33%) by nine (9) days of 

extraction. The production of water soluble Boron from 3 agricultural residues ((horse dunk, saw 

dust and matured guava fruit) with 4 extract ants (pure water, molasses, fermented water from 

washing rice and wood vinegar) found  that molasses at 100% mixed with matured guava fruit 

was the best fermenting process with the highest concentration of available Boron for crop 

production with 24,700 ppm by nine days of extraction. The production of water soluble 

Magnesium for crop production has been done in 3 types of manures (horse dung, chicken dung 

and cow dung). The result showed that cow dung mixed with molasses at 80% released highest 

concentration of water soluble Magnesium by 10,640 ppm. 

The study of water soluble Calcium potential at various concentrations on the

growth and yield of tomato, five (5) concentration levels (1:100, 1:200, 1:400, 1:800 and 1:1,000) 

found that water soluble Calcium  at concentration 1:100 produced the highest growth rate and 

yield/plant and could reduce the symptom of Calcium deficiency by 81-89% as compared with 

control.

The study of water soluble Boron potential on Broccoli production found that the

spraying of water soluble Boron (produced from molasses at 100% mixed with matured guava 

fruit) at the concentration of 1:200 increased the best growth rate and yield of Broccoli. The 

absorption of water soluble Boron concentration in broccoli plant were in the appropriate 

concentration (14.61 – 21.19 ppm) as compared with control (9.39 – 12.27 ppm) . 
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The study of water soluble Magnesium potential on Broccoli production found that the spraying 

of water soluble Magnesium (produced from molasses at 80% mixed with cow dung) at the 

concentration of 1:100 increased the best growth rate and yield of Broccoli. The absorption of 

water soluble Magnesium concentration in broccoli plant were in the appropriate concentration 

(1,900 – 4,700 ppm) as compared with control (1,500 – 3,200 ppm). 
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(http://plantpro.doae.go.th/organic /biowater1/biowater.html, 27/3/2548) 

(http://www.ldd.go.th/new_hp/vichakarn/fertirize/ferti.html, 27/3/2548) 

 (Organic materials) 

 (Heterotrope) 

 ( , 2546) 

 17,000 

(http://www.biotec.or.th/?sw=knowledgeviewJ&id=439, 7/3/2548) 

 (Wood Vinegar)

 ( )

 1.002-1.014 -  (pH)  3.51-

4.46 ( , 2544) 
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 ( )

 “ ” ( , 2544) 

 (Tar) 

 ( , 2546) 

 “ ”

 310 

 3  (

 45 )

 “  4  1  100 ” “

”  1 

 ( , 2544) 

 200 

 (Antibacterial microbe) 

 (Acetic acid) 

-  200 

 7-15 
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 (Actinomycetes)  (Trichoderma) 

 -  500 

 15  20 

 -  1,000 

 ( , 2544) 

 7 

 625, 1,250, 2,500, 5,000, 

10,000  20,000  (ppm)  (Control) 

 4  (Plant Growth  

Regulator)  (Growth  Inhibiting Substances) 

 ( )  25 

 5,000  10,000  (1:200  1:100 )

 15  3 

( , 2545) 

 (  775)  12  5,000 

 10,000  (  100-200  20 )  15  2 

 (Control) ( , 2544)

 ( )

 1:200 (http://sathai.org/technics/archive_techs/woodsmokeacid.htm, 13/3/2549) 
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 (Vinegar) 

 ( )

Saccharomyces cerevisiae  2 

 Acetobacter 

 4-6  100 

 ( , 2534) 

 (  204) . . 2543 

3

 1. 

 4 

 2. 

(Dilute distilled alcohol) 

 4 

 3.  (Acetic acid) 

95  4-7 

 (www.1.fda.moph.go .th, 7/3/2548) 

 2-3 
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5

(www.webdb.dmsc.mop.go.th /ifc_toxic/a_tx_1_001c.asp?into_id=116, 7/3/2548) 

 (Lactic Acid Bacteria: LAB) 

 (pH)  2 

 ( , 2547) 

 (LAB) 

 1,000 

 (  1,000 )  500 

 3-4 

-  ( pH ) 3-4 ( , 2547)
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 (Molasses) 

(invert sugar)

 7.5 

 32 

 1957  17  20.65  36.60 

13.00  50.50  15.10  (gum & starch) 3.01 

 0.42  0.38 0.95  SO2 0.46  P2 O5 0.12 

 K2O 4.19  CaO 1.35  MgO 1.12 

 50 

 75  2  3 

 (Glycerol) 

 (Gin) 
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Torulopsis utilis 

 1.5 

 (Silage) 

 1 

 3  1.4-1.5 

 50 

95  1.50 

 1.53 

 18,000 

(MOLASSES) 

 1 
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 46.8  5  2542/43 

 2546/47  2.8 

 2547/48 

 47.8 

25.8  2.26  23 

1

 4 

-  460,000 1

260  530,000  (

300 ) 1.53

 (SawDust)
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Psidium guajava Linn.  Myrtaceae  Guava 

(Bacillus typhosus)

 Tannin 

Benzopyrene, Tryptophan-p-2

 (Water – Soluble Calcium : WCA) 

( )

 ( , 2547) 

2.  (WCA)

1)
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 ( , 2547) 
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1.1

1.

2.

3.  (Deionized Water) 

4.  (Vinegar) 

5.  (Wood vinegar) 

6.  (Distilled Wood vinegar) 

7.

8.

9.

10.  Atomic absorption spectrophotometer (AAS) 

11. -  (pH meter) 

12.  (Electrical Conductivity meter) 

 1 -

(pH)  (EC) 

 5 

 4  (Deionized Water) 

 (Vinegar)  (Wood Vinegar)  (Distilled Wood 

Vinegar)  CRD (Completely Randomized Design) 20 

 (Treatment)  3  (Replication) 

 1    + 

 2    + 

 3    + 

 4    + 

 5    + 

 6    + 

 7    + 
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 8    + 

 9    + 

 10     + 

 11    + 

 12    + 

 13    + 

 14    + 

 15    + 

 16    + 

 17    + 

 18    + 

 19    + 

 20    + 

1.  5 

 100 % 

( )  1:2 

9  ( )

2.

 (Ca)  Atomic Absorption Spectrophotometer (AAS) 

-  (pH)  pH meter  (Electrical conductivity: EC) 

 Electrical conductivity meter ( , 2546) 

Duncan’s Multiple Range Test (DMRT) 

3.
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1.  AAS 

2. -  pH meter 

3.   Electrical Conductivity meter 

 2548  

 2549 
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 1.1 

 ( )  (20, 40, 60, 80  100 )

 (1, 3, 5, 7, 9, 11  13 )  1 

 ( )  100 

 ( )

 80 

 9  1 

-

 5 

 4 

 ( )  ( )

(1)  (Calcium: Ca) 

 Atomic Absorption Spectrophotometer 

(AAS) 

 ( )  5.33 

 ( )

 ( )  ( )

 ( )  ( )

 ( )

 ( )

 ( )  ( )

 5.00, 4.99, 4.83, 4.71, 3.79, 

3.78, 3.75, 3.74, 3.74, 3.63, 3.44, 3.39, 3.14, 3.10, 0.26, 0.17, 0.15  0.13 

 0.09 

 (  1) 
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(2) -  (pH)

-  pH meter 

-

-  8.92 

 ( )  ( )

 ( )  ( )

 ( )  ( )  ( )

 ( )  ( )

-  8.55, 8.38, 8.36, 8.04, 7.54, 7.21, 7.15, 7.04, 6.92, 6.74, 6.66, 6.63, 6.59, 6.55, 

6.06, 6.04, 6.03  5.98 

( ) -  5.91 (  1) 

(3)  (Electrical conductivity: EC) 

 Electrical conductivity meter 

 ( )  13.09 

 ( )

 ( )  ( )  ( )

 ( )  ( )

 ( )  ( )

( )

 12.27, 12.01, 11.37, 11.03, 10.97, 

10.10, 10.03, 9.88, 9.38, 9.08, 8.85, 8.52, 8.21, 8.15, 2.24, 1.76, 1.24  0.40 

 0.31  (  1) 
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 1 -

(T) -

(pH) (mS/cm) (%)

T1  +  8.36c 2.24i 0.26h

T2  +  7.21f 8.21h 3.74cd

T3  +  ( ) 6.66ij 8.52gh 3.10g

T4  +  ( ) 5.98kl 9.08fgh 4.71b

T5  +  8.92a 1.24jk 0.17h

T6  +  7.15fg 10.03e 3.63cde 

T7  +  ( ) 6.74i 9.88ef 3.44def

T8  +  ( ) 6.06k 8.85gh 4.99b

T9  +  8.55b 0.40kl 0.13h

T10  +  6.92h 10.97d 3.78cd

T11  +  ( ) 6.59j 11.03d 3.74cd

T12  +  ( ) 6.03kl 9.38efg 5.33a

T13  +  8.04d 0.31l 0.09h

T14  +  7.54e 10.10e 3.14fg

T15  +  ( ) 6.55j 11.37cd 3.39efg

T16  +  ( ) 6.04kl 12.27ab 4.83b

T17  +  8.38c 1.76ij 0.15h

T18  +  7.04gh 8.15h 3.75cd

T19  +  ( ) 6.63ij 13.09a 3.79c

T20  +  ( ) 5.91l 12.01bc 5.00b

 C.V. (%) 1.04 6.50 5.97 

 F - test ** ** ** 

: Duncan’s Multiple Range Test (DMRT)

** 99%
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1.1

 5 

 100 

 9 

 5.33 

-  6.03  9.38 

 100 

 1.1 

 5 

 4 

 100 

 9 

 9 

( )

 ( )  5.33 

 17.80 

 4 
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 ( )  0.19 

 10  11 

(CH3COOH) 5 

 (2548) 

 200 

 ( )  ( )

 (2547) 

 63.33 

 64.64 

-  (pH) 

-  8.92 

 5 

 ( . . .) -  (pH) 

 ( )  ( )  1.5-3.7  (EC) 

 ( )  13.09 

 ( )

 9.38 

 (2547) 

 (Electrical Conductivity) 

 10  2 

 3 

 ( )  ( )

( )  ( )  4.71, 4.99, 

4.83  5.00  4 
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 ( )

 5.33 

1.

2.

3.

4.

5.

 1:50  1:80 
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1.2
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1.2

1.

2.

3.

4.  (Wood Vinegar) 

  5.  

 6.  

7.

8.

9.

10.

11.

12.  Atomic Absorption Spectrophotometer (AAS) 

13. -  (pH meter) 

  14.   (Electrical Conductivity meter) 

 Completely Randomized Design : CRD    12

  3

1     + 

2     + 

3     + 

4     + 

5     + 

6     +

7     + 

8     + 

9     + 

10    +
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11     + 

12     + 

1.  

 75 C  24 

 (Pretest) 

2.  

 3 

Azomethine-H method  Spectrop photometer ( , 2546 ) 

9

   

 2550 

 2550 
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 1.2 

(20, 40, 60, 80 100 (ppm) )  (6, 9, 12

) 1.2  100 

(ppm)  20 (ppm) 

 80 

(ppm)  60 (ppm) 

 9  (  18 ) 

 1.2  

 3  4 

99%

 24,700 

(ppm) +  +     + 

 +  +  +  + 

 +  18,000  16,000  11,100  299.42   167.00   

231.00   105.94  64.60   37.65 (ppm) 

 +  + 

 (  2) 
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 2 1.3

(T)
(ppm)

37.65e

299.42 e

105.94 e

64.60 e

0.00 e

231.00

0.00 .e

0.00 e

11,100d

24,700a

18,000b

(T1)  + 

(T2)  + 

(T3)  + 

(T4)  + 

(T5)  + 

(T6)  +

(T7)  + 

(T8)  + 

(T9)  + 

(T10) +

(T11)  + 

(T12)  +  16,000c

C.V. (%) 9.34

F-test **

: Duncan’s Multiple Range Test (DMRT)

** 99%
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5,000
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15,000

20,000

25,000

(
)

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12

 4  1.3 

1.2

 3 

 4 

100%  20% 

100%

 24,700 (ppm) 

 20%  18,000 (ppm)   

(  0  (ppm))  

100%
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1.2

 3 

 4 

24,700 (ppm) 

 >100  (ppm)  

 10-100 (ppm)  ( .2548)  

 (2541)  Warington  1923 

 1 (ppm) 

1.

2.

3.
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1.3



37

1.3

/

1. ( , )

2.  80% (

)

3.  16 

4.

5.

   (Completely Randomized Design:CRD) 12  3 

 36 

 1   + 

 2   + 

 3   + 

 4   + 

 5   + 

 6   + 

 7   + 

 8   + 

 9   + 

 10  + 

 11  + 

 12  + 
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1.  50  48 

2.

3.

 80%

1. ( ) 5  16 

2.

 80%

 1:10 (  1  10 )

3.  9  ( ,2549)

 9 

 2550 

 2550 
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1.3

1(Pretest) 

 3  4 

20%   40% 60% 80% 100%

 80% 

 3 

 4 

 80%  

 Atomic  Absorption  Spectrophotometer (AAS)  

99%

  10,640 (ppm)  

 + 

   7295.67  6848.33 1063.67   863.67   488.33   440.00  

400.00   368.33 320.00  264.33 (ppm)

 160.00   (ppm) (  3)  



40

 3  1.3

(T )     
(ppm) 

(T1)  +  440 c

(T2)  +  10,640a

(T3)  +  400 c

(T4)  +  320 c

(T5)  +  160 c

(T6)  +  7,296b

(T7)  +  488 c

(T8)  +  264 c

(T9)  +  368 c

(T10)   +  6,848b

(T11)   +  1,064 c

(T12)   +  864 c

 C.V.(%) 28.52 

 F-test ** 

: Duncan’s Multiple Range Test (DMRT)

** 99%
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0

2,000

4,000

6,000

8,000

10,000

12,000

(p
p

m
)

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12

 5  1.3

1.3

 3 

 4 

 80% 

 80%  10,640

 80%  7,296

 160 (ppm)  
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1.3

 3 

 4 

20%  40%  60%  80% 100% 

 80% 

 (  23)

 80% 

-

 4 

- 6.81  3.41  2.62 3.16

-

(

-

)

 10,640 (ppm) 

 (2548) 

 ( / )

 ( / )

 2,120 ppm  

 2,000 (ppm)( , 2548)

1.  9 

2.
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3.

-

4.
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 2
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 0.1  5 

 2.5  100 

 (Phloem) 

 1) 

 2) 

 (Blossom end rot) 

(Bitter pit)  (Black heart) 

 (Tipburn)

 (Fleshy fruits) 

 (Senescence) 

 2 

1)  4 

 (Free space) 
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2)  2-3 

 ( , 2543) 

 (Blossom end rot) 

 ( , 2549) 

 0.12 

 0.08  (Blossom 

end rot) 

 (Calcium nitrate)  (Calcium chloride) 

 0.2  ( , 2532) 

 ( , 2549) 

 (2525) 

 (Middle lamella) 

 (Calcium pectate)  (Calcium ion) 

 (Blossom end rot) 
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1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

1.

2.

3.

4.

5.

6.  ( -

 , 2544) 

1.
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2.

3.

4.

5.

6.

7.  

 (

)  (Nucleic acid)

8. 1, ,

(Pollentubes)

 (Pollination)

9. (Fruit setting)

(Nitrogen fixation)  (Nodule)

10.  (Frost resistance)

1. 

2.  (Root crop) 
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3. Cankers

Lesions

4.  

 (Terminal bud) 

5. (Meristematic tissue) 

(Vaecular tissue) (Xylem)

(Phloem)

6.

(Tasseling) (Skiling)

(Usahakaset, 2548)

 (pollen gain) (stigma)

(pollen tube) 

(style)  (Dell and 

Huang, 1997) 

1.

2.

3. pH

pH

4.

5.
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6.

7.

8.

9.

(K)

(Lateral vein) (Mid

rib)

(Clover) ( , 2544) 

 5-10  25-40  50-100  ( )

 1 10

 100, 400  1000 

 ( ) (Bergman, 1992) 
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1.  

2.  

3. –  (pH) 

pH>7.5

(Zn2+)  (Ca2+)

( )

1.

Na2B4O7.10H2o (11%B)

2.

(Usahakaset, 2548) 

 (Tomato)

 Tomato 

Lycopersicon esculentum Mill. 
 Solanaceae (www.rdi.gpo.or.th/htmls/tomato.html., 21/2/2549) 

 Luckwill (1943) 

Jenkins (1948) 

 ( , 2523) 

 Amorous Apple  Love apple ( , 2532) 
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 0.75-2.00 

 (Fibrous root) 

(Adventitious root) 

-  (pH)  5.8-6.8 

 21-27 

 1,000 -  ( , 2536) 

-

 ( , 2524) 

 (Non - pathogenic disorders)

(Calcium)  (Blossom end rot) 

 ( , 2536) 

 (Blossom end rot)

 (Middle lamella) 

 (Calcium pectate) 

 (Meristermatic tissue) 

 (Immobile element) 

 (Meristematic tissue) 

 ( , 2536) 
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 ( , 2536) 

 (http://plantpro.doae.go.th/plantclinic/clinic/plant/tomato/index.html, 3/3/2549) 

 1. 

2. -  (pH) 

 (Unavailable form) 

 3. 

 4. 

 5. 

 6. 
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1.

2.

3.

4.  (Calcium chloride) 

 7  ( , 2536) 

 (Blossom end rot) 

 89.68-179.36  (0.45-0.90 

)

-  (pH)  6.5-7.5  (

 1.81  100  1  1 )

 1 

 50 

(http://www.ipm.uiuc.edu/diseases/series900/rpd906 ,31/3/2548) 

 (1.81  100  2.53 )  4 

(http://www.ces.ncsu.edu /depts/pp/notes/oldnotes/vg9.html)

 96  4  1  3-4 

 (2547) 

 (http://www.ext.vt.edu/pubs/ plantdisedsefs/450-703/450-107.html 31/3/2548)
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 (Broccoli)
Brassica olercea L.var.italica 

Pleneck Cruciferae

 16 

-  18-27 

1.

-  (Bead)

 45-50 

2.

 55-60 
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3.

 55-60 

    1. (De Cieco)  65 

       2.  (Sakata)  60 

       3.  (Green  Comet)  40 

  4.  40 

( , 2541) 

 10 

 3,500  20-30 

 20  5-10 

 6  1  1 

 0.2 

 30  5  3-5 

 3-5  30-50 x 50-60 

 8,000-12,000 

 15.5-18.0  24

 ½-1 
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 15 

1:1  3:1

 ( , 2537)

 2 

1.   15  5-7 

 300 

 1  5-10 

2.   15-20   7-10 

 300 

 6-6.8 

 380-1,000

 25-30 

 15.00-14.00 

 30-60  50-100 
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1.  10-11-12 

13-13-21  2  25-27 

 2  20 

 20 

2.  2 

 2 -

100

 (Borax)  (Boric acid) 

4-6

50

25 10 1

 60-100  20 

 5-7  20-30  (20 )

 20 

 30-40  20  (

, 2546)



59

(Boron deficiency)

(differentiate)

(browning)

(blackheart)

(pith)

1–4

2–3

0.25–0.50  300 
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 70-90 

 10-16 

 16-20 

 2 

 1,300-1,500

 2,000-3,000

 10 

 20 

 2-3 

 2 

(  , 2543)

(  , 2543)

 1 

 8.5 – 10 

 2 

 6 – 8.5 

U  1  2

 (Controlled Atmosphere storage = CA)
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 (Modified Atmosphere storage = MA)

 (1-10 )  10 %

 28 

 (Substrate Culture) 

 ( )

 2 

1.  (Non Circulation Substrate Culture) 

2.  (Circulation Substrate Culture)

 ( , 2547) 

 4 

1.

2.

3.

4.  ( , 2548) 
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1.  (Inorganic Substrate) 

1)  (Sand) 

 2 

2)  (Gravel) 

3)  (Rock Wool) 

4)  (Vermiculite) 

5)  (Perlite)   2-5 

2.  (Organic Substrate) 

1)  (Coconut) 

2)  (Wood bark) 

3)  (Peat) 
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4)  (Sawdust) 

5)

 ( , 2548)

 (2548) 

 ( / )  ( / )

 2,120 ppm 

 (2548) 

 1:100 , 1:200 , 1:400, 1:800 1:1,000

 1:800 

 79.07  1:400 

 13.67 

 1:400  50.33 

 1:800  235.60 

(5247)  ( )

 3,500, 3,000, 2,500, 

2,000 1,500

 3,500 

 337.00  (7.41  2,372
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2.1



65

 2.1 

 3 

 350  900 

 ( )  1,200 

1.  390 

2.

3.

4.  ( )  6 x 13 

5.

6.

7.

8.  (CaCl2)

9.  2 

10.  0.5 

11.  PE 

12.  120 

13.

14.

15.  (Tag) 

16.

 1 
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 RCBD (Randomized Complete Block Design) 7  5 

(Replication)

 1  Control 

 2  2,000 ppm 

 3  1:100 (533 ppm) 

 4  1:200 (266.5 ppm) 

 5  1:400 (133.25 ppm) 

 6  1:800 (66.63 ppm) 

 7  1:1,000 (53.3 ppm) 

1.  (Substrate Culture) 

 PE 

0.5

2.

 1 

 1 

3.  (Substrate Culture) 

 390  30  (  1:2) 

 3-4  ( , 2548) 

 20  2 

4.

 (Blossom 

end rot)

5.  (EC) -  (pH) 

 EC 

(1.6  2.0 

)  EC
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 EC -  (pH)  5.5-6.5 

 pH  (HNO3)  pH 

 (NaOH) ( , 2548) 

6.  (Drip Irrigation) 

5  10  1 

7.

 7 

8.

 Duncan’s Multiple Range Test (DMRT) 

1.

1.1  ( )

1.2

1.3  ( )  1 

1.4  ( )

1.5

 10, 20, 30, 40, 50, 60, 70  80 

2.

2.1  ( )

2.2  ( )

2.3  ( )
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2.4  ( )

3.  ( )

4.  ( )

 2548  

 2549 

1.

2.

3.  ( )
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 2.1 

3

 ( )

.

(1)

 10, 20, 30, 40, 50, 60, 70  80 

 10 

Control  14.90  1:100

 2,000 ppm  1:1,000  1:200 

 1:800  14.05, 13.50, 13.40, 13.35  13.10 

 1:400  13.00  (  4) 

 20 

 1:100  40.10  Control 

 2,000 ppm  1:800  1:400 

 1:200  37.50, 37.00, 36.20, 35.80  34.80 

 1:1,000  33.10  (  4) 

 30 

 1:100  63.30 

Control  1:400  2,000 ppm  1:800 

 1:1,000  61.70, 59.20, 57.60, 57.60  55.30 

 1:200  53.20  (  4) 

 40 

 1:1,000  68.60  Control    

 1:100  1:400  1:200 
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 1:800  68.40, 68.10, 67.20, 65.10  65.00 

 2,000 ppm  65.00  (  4) 

 50 

 1:1,000  77.30 

 1:400  2,000 ppm  1:100 Control 

 1:200  76.60, 75.00, 73.90, 72.40  71.80 

 1:800  69.80  (  4) 

 60 

 1:1,000  79.20 

 1:400  2,000 ppm  1:100  1:200 

 Control   77.60, 77.10, 76.20, 74.90  73.90 

 1:800  73.40  (  4) 

 70 

 1:1,000  80.20 

 1:100  1:400  2,000 ppm Control 

 1:200  78.70, 78.40, 78.10, 76.70  76.70 

 1:800  73.40  (  4) 

 80 

 1:1,000  80.40 

 2,000 ppm  1:100  1:400 Control 

 1:200  79.10, 78.70, 78.40, 76.90  76.90 

 1:800  73.40  (  4) 

 10, 20, 30, 40, 50, 60, 70  80 

 10 

 1:400  9.00 

 1:800  1:100 Control  1:1,000 
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 1:200   9.00, 8.97, 8.27, 8.20  8.10 

 2,000 ppm  7.86  (  4) 

 20 

 1:100  23.33 

 1:1,000  1:400  1:800 

2,000 ppm  Control  22.27, 21.87, 21.53, 21.33  20.99 

 1:200  20.93  (  4) 

 30 

 1:1,000  47.60 

 1:100  1:800 Control  1:400 

 2,000 ppm  47.47, 47.07, 46.60, 46.53  46.47 

 1:200  45.46 

(  4) 

 40 

 1:800  70.37  Control       

 1:400  1:1,000  1:100 

 1:200  69.60, 68.73, 68.67, 67.67  67.53 

 2,000 ppm  65.99  (  4) 

 50 

 1:800  74.60  Control       

 1:200  1:1,000  1:400 

 1:100  73.13, 72.67, 71.40, 71.07  70.73 

 2,000 ppm  69.54  (  4) 

 60 

 1:800  76.40  Control       

 1:400  1:1,000  1:200 

 1:100  76.13, 75.74, 75.20, 74.13  73.47 

 2,000 ppm  70.80  (  4) 

 70 

 1:800  77.73 
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 1:1,000 Control  1:400  1:100 

 1:200  76.93, 76.93, 76.93, 76.13  75.73 

 2,000 ppm  72.07  (  4) 

 80 

 1:800  79.07 

 1:400  1:1,000 Control  1:200 

 1:100  78.07, 78.07, 77.60, 76.93  76.87 

 2,000 ppm  72.99  (  4) 

 ( )  10, 20, 30, 40, 50, 60, 70  80 

 10 

 2,000 ppm  23.30  Control 

 1:200  1:1,000  1:800 

 1:100  21.47, 21.43, 21.30, 21.13  21.13 

 1:400  20.47  (  4) 

 20 

 2,000 ppm  46.34  Control 

 1:800  1:200  1:1,000 

 1:100  43.33, 42.87, 42.47, 42.27  41.13 

 1:400  38.93  (  4) 

 30 

Control  52.83  2,000 ppm 

 1:200  1:800  1:100 

 1:400  52.74, 49.60, 49.27, 49.00  48.33 

 1:1,000  47.67  (  4) 

 40 

 2,000 ppm  53.93  Control 

 1:200  1:1,000  1:100 
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 1:800  53.53, 51.40, 50.53, 50.47  50.33 

 1:400  49.60  (  2) 

 50 

 2,000 ppm  55.27  Control 

 1:200  1:1,000  1:400 

 1:800  55.27, 53.27, 52.60, 52.53  52.00 

 1:100  51.27  (  2) 

 60 

 2,000 ppm  56.67  Control 

 1:200  1:400  1:1,000 

 1:800  56.47, 54.30, 54.30, 54.07  52.93 

 1:100  52.60  (  4) 

 70 

 2,000 ppm  57.73  Control 

 1:200  1:1,000  1:400 

 1:800  57.20, 56.07, 55.10, 55.07  54.20 

 1:100  53.73  (  4) 

 80 

 2,000 ppm  58.67  Control 

 1:200  1:400  1:1,000 

 1:100  57.70, 57.10, 56.90, 55.99  55.53 

 1:800  55.20  (  4) 
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 4 

 ( )

10  20  30  40  50  60  70  80 

Control 14.90 37.50 61.70a 68.40 72.40 73.90 76.70 76.90 

CaCl2 2,000 ppm(533ppm) 13.50 37.00 57.60ab 65.00 75.00 77.10 78.10 79.10 

 1:100(533 ppm) 14.05 40.10 63.30a 68.10 73.90 76.20 78.70 78.70 

 1:200(266.5ppm) 13.35 34.80 53.20b 65.10 71.80 74.90 76.70 76.90 

 1:400(133.3ppm) 13.00 35.80 59.20ab 67.20 76.60 77.60 78.40 78.40 

 1:800(66.63 ppm) 13.10 36.20 57.60ab 65.00 69.80 73.40 73.40 73.40 

 1:1,000(53.3ppm) 13.40 33.10 55.30b 68.60 77.30 79.20 80.20 80.40 

 C.V. (%) 11.51 12.01 7.34 10.65 12.28 13.99 13.80 13.46 

 F-test ns ns * ns ns ns ns ns

Control 8.27 20.99 46.60 69.60 73.13 76.13 76.93 77.60 

CaCl2 2,000 ppm(533ppm) 7.86 21.33 46.47 65.99 69.53 70.80 72.07 72.99 

 1:100(533 ppm) 8.97 23.33 47.47 67.67 70.73 73.47 76.13 76.87 

 1:200(266.5ppm) 8.10 20.93 45.46 67.53 72.67 74.13 75.73 76.93 

 1:400(133.3ppm) 9.00 21.87 46.53 68.73 71.07 75.74 76.93 78.07 

 1:800(66.63 ppm) 9.00 21.53 47.07 70.37 74.60 76.40 77.73 79.07 

 1:1,000(53.3ppm) 8.20 22.27 47.60 68.67 71.40 75.20 76.93 78.07 

 C.V. (%) 13.29 6.27 6.51 4.43 5.58 8.08 8.07 8.13 

 F-test ns ns ns ns ns ns ns ns

Control 21.47 43.33 52.83 53.53 55.27 56.47 57.20 57.70

CaCl2 2,000 ppm(533ppm) 23.30 46.34 52.74 53.93 55.27 56.67 57.73 58.67 

 1:100(533 ppm) 21.13 41.13 49.00 50.47 51.27 52.60 53.73 55.53 

( )  1:200(266.5ppm) 21.43 42.47 49.60 51.40 53.27 54.30 56.07 57.10 

 1:400(133.3ppm) 20.47 38.93 48.33 49.60 52.53 54.30 55.07 56.90 

 1:800(66.63 ppm) 21.13 42.87 49.27 50.33 52.00 52.93 54.20 55.20 

 1:1,000(53.3ppm) 21.30 42.27 47.67 50.53 52.60 54.07 55.10 55.99 

 C.V. (%) 8.26 7.67 7.04 6.87 6.20 6.39 6.24 6.31 

 F-test ns ns ns ns ns ns ns ns

 Duncan’s Multiple Range Test (DMRT) 

ns = 

* =  95% 
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a
aba b

ab
ab

b

0

10

20

30

40

50

60

70

80

90

 (
)

10 20 30 40 50 60 70 80

T1

T2
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T4

T5

T6

T7

 6

0

10

20
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40
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60

70

80

 (
)

10 20 30 40 50 60 70 80

T1

T2

T3

T4
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T6

T7

7
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0

10

20

30

40

50

60

 (
)

10 20 30 40 50 60 70 80

T1

T2

T3

T4

T5

T6

T7

 8

( )

(2)

 10, 20, 30, 40, 50, 60, 70  80 

 10 

 1:100  4.90 

1:800  1:200 Control  2,000 ppm 

 1:1,000  4.60, 4.50, 4.50 4.30

 1:800  4.20  (  5 ) 

 20 

 1:800  8.20 

1:100 Control  1:1,000  1:400 

1:200  7.90, 7.60, 7.40, 7.20  7.20 

2,000 ppm  6.70  (  5) 

 30 

 1:100  11.30 

1:800  2,000 ppm  1:1,000 Control 
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1:200  10.80, 10.60, 10.40, 10.20  10.20 

 1:400  10.00  (  5) 

 40 

 1:1,000  13.30 

2,000 ppm  1:800 Control  1:100 

1:200  13.20, 12.80, 12.70, 12.30  12.20 

 1:400  12.20  (  5) 

 50 

 2,000 ppm  13.50 

 1:1,000  1:800  1:200 Control 

 1:400  13.30, 13.20, 12.90, 12.80  12.60 

 1:100  12.50  (  5) 

 60 

 2,000 ppm  14.10 

 1:1,000  1:800  1:200 Control 

 1:100  13.80, 13.60, 13.40, 12.90  12.90 

 1:400  12.80  (  5) 

 70 

 2,000 ppm  14.30 

 1:1,000  1:800  1:200 Control 

 1:100  13.80, 13.80, 13.50, 12.90  12.90 

 1:400  12.80  (  5) 

 80 

 2,000 ppm  14.30 

 1:1,000  1:200  1:800  1:400 

 1:100  14.00, 13.90, 13.80, 13.20  13.10 

 Control  13.00  (  5) 
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 10, 20, 30, 40, 50, 60, 70  80 

 10 

 1:400  3.00 

1:1,000  1:100 Control   1:200  

3.00, 3.00, 3.00 2.93  2,000 ppm 

 1:800  2.87  (  5) 

 20 

 1:400  6.14 

1:100  1:200  1:1,000  1:800 

 2,000 ppm  5.87, 5.80, 5.73, 5.60  5.60 

 Control  5.47  (  5) 

 30 

 1:400  10.20 

1:800  1:1,000  Control   1:100 

1: 200   10.07, 9.73, 9.53, 9.53  9.27 

2,000 ppm  9.27  (  5) 

 40 

 1:400  12.40 

1:200 Control  1:800  1:100  2,000 

ppm  12.07, 12.00, 11.93, 11.80  11.73 

 1:1,000  11.53  (  5) 

 50 

 1:800  12.93 

1:400 Control  1:200  1:1,000 

1:100  12.87, 12.73, 12.67, 12.60  12.20 

 2,000 ppm  11.87  (  5) 

 60 

Control  13.00  1:400 

 1:800  1:1,000  1:200 
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1:100   12.93, 12.87, 12.80, 12.67  12.33 

 2,000 ppm  12.20  (  5) 

 70 

 1:200  13.13 

1:800  1:400 Control  1:1,000 

2,000 ppm  13.13, 13.13, 13.13, 12.93  12.60 

 1:100  12.53  (  5) 

 80 

 1:400  13.67 

1:800 Control  1:200  1:1,000 

1:100  13.60, 13.33, 13.20, 13.07  12.87 

 2,000 ppm  12.60  (  5) 

 ( )  10, 20, 30, 40, 50, 60, 70  80 

 10 

 2,000 ppm  6.67 

1:200 Control  1:400  1:800 

1:100  6.33, 6.33, 6.33, 6.20  6.13 

1:1,000  6.07  (  5) 

 20 

 1:200  8.20 

1:100  2,000 ppm  1:400  1:800  

 8.13, 8.00, 7.93 7.80  Control 

1:1,000  7.67  (  5) 

 30 

 1:200  10.60 

2,000 ppm  1:800  1:100 Control 

1:400  10.33, 10.20, 10.07, 10.03  10.00 

 1:1,000  9.80  (  5) 



80

 40 

 1:200  11.57 

1:100  2,000 ppm  1:800 Control 

1:400  11.53, 11.40, 11.27, 11.20  11.07 

 1:1,000  11.04  (  5) 

 50 

 1:200  12.37 

1:800  2,000 ppm Control  1:100 

1:400  12.33, 12.27, 12.20, 11.87  11.77 

 1:1,000  11.73  (  5) 

 60 

 2,000 ppm  12.60  Control 

 1:200  1:100  1:800 

 1:400  12.57, 12.50, 12.40, 12.40  12.20 

 1:1,000  12.17  (  5) 

 70 

 1:200  13.10 

1:800 Control  1:100  2,000 ppm 

1:1,000  12.87, 12.80, 12.73, 12.67  12.27 

 1:400  12.20  (  5) 

 80 

 1:200  13.17  Control 

 1:100  1:800  2,000 ppm 

1:1,000  12.93, 12.93, 12.93, 12.67  12.43 

 1:400  12.43  (  5) 
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 5

 ( )

10  20  30  40  50  60  70  80 

Control 4.50 7.60 10.20 12.70 12.80 12.90 12.90 13.10 

CaCl2 2,000 ppm(533ppm) 4.30 6.70 10.60 13.20 12.50 14.10 14.30 14.30 

 1:100(533 ppm) 4.90 7.90 11.30 12.30 12.50 12.90 12.90 13.10 

 1:200(266.5ppm) 4.50 7.20 10.20 12.30 12.90 13.40 13.50 13.90 

 1:400(133.3ppm) 4.20 7.20 10.00 12.20 12.60 12.80 12.80 13.20 

 1:800(66.63 ppm) 4.60 8.20 10.80 12.80 13.20 13.60 13.80 13.80 

 1:1,000(53.3ppm) 4.20 7.40 10.40 13.30 13.30 13.80 13.80 14.00 

 C.V. (%) 9.84 10.79 8.22 11.80 11.31 10.82 10.83 12.57 

 F-test ns ns ns ns ns ns ns ns

Control 3.00 5.47 9.53 12.00 12.73 13.00 13.13 13.33 

CaCl2 2,000 ppm(533ppm) 2.87 5.60 8.53 11.73 11.87 12.20 12.60 12.60 

 1:100(533 ppm) 3.00 5.87 9.27 11.80 12.20 12.33 12.53 12.87 

 1:200(266.5ppm) 2.93 5.80 9.27 12.07 12.67 12.67 13.13 13.20 

 1:400(133.3ppm) 3.00 6.14 10.20 12.40 12.87 12.93 13.13 13.67 

 1:800(66.63 ppm) 2.87 5.60 10.07 11.93 12.93 12.87 1313 13.60 

 1:1,000(53.3ppm) 3.00 5.73 9.73 11.53 12.60 12.80 12.93 13.07 

 C.V. (%) 11.08 9.53 7.69 7.78 4.99 5.94 6.47 7.42 

 F-test ns ns ns ns ns ns ns ns

Control 6.33 7.67 10.03 11.20 12.20 12.57 12.80 12.93

CaCl2 2,000 ppm(533ppm) 6.67 8.00 10.33 11.40 12.27 12.60 12.67 12.67 

 1:100(533 ppm) 6.13 8.13 10.07 11.53 11.87 12.40 12.73 12.93 

( )  1:200(266.5ppm) 6.33 8.20 10.60 11.57 12.37 12.50 13.10 13.17 

 1:400(133.3ppm) 6.33 7.93 10.00 11.07 11.77 12.20 12.20 12.43 

 1:800(66.63 ppm) 6.20 7.80 10.20 11.27 12.33 12.40 12.87 12.93 

 1:1,000(53.3ppm) 6.07 7.67 9.80 11.04 11.73 12.17 12.27 12.43 

 C.V. (%) 8.80 8.43 8.02 5.86 4.33 4.95 4.50 4.46 

 F-test ns ns ns ns ns ns ns ns

 Duncan’s Multiple Range Test (DMRT) 

ns = 
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( )

(3)

 10, 20, 30, 40, 50, 60, 70  80 

 10 

 2,000 ppm  4.55 

 1:100 Control  1:400  1:200 

 1:800  4.50, 4.40, 4.20, 4.20  3.80 

 1:1,000  3.50  (  6) 

 20 

 2,000 ppm  5.00 

 1:100 Control  1:1,000 

1:200  1:400  4.80, 4.60, 4.40, 4.40  4.40 

 1:800   3.80 

(  6) 

 30 

 2,000 ppm  5.10 

 1:400  1:100  1:200 Control 
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 1:1,000  4.80, 4.80, 4.70, 4.70  4.50 

 1:800  4.20  (  6) 

 40 

 2,000 ppm  5.25 

 1:100  1:400 Control  1:200 

 1:1,000  5.05, 5.00, 4.95, 4.85  4.70 

 1:800  4.50  (  6) 

 50 

 2,000 ppm  5.25 

 1:100 Control  1:400  1:200 

 1:1,000  5.05, 5.05, 5.00, 4.85  4.70 

 1:800  4.50  (  6) 

 60 

 2,000 ppm  5.25 

 1:100 Control  1:400  1:200 

 1:1,000  5.05, 5.05, 5.00, 4.85  4.70 

 1:800  4.50  (  6) 

 70 

 2,000 ppm  5.25 

 Control  1:100  1:400  1:200 

 1:1,000  5.10, 5.05, 5.00, 4.85  4.70 

 1:800  4.50  (  6) 

 80 

 2,000 ppm  5.25 

 Control  1:100  1:400  1:200 

 1:1,000  5.10, 5.05, 5.00, 4.85  4.70 

 1:800  4.50  (  6) 
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 10, 20, 30, 40, 50, 60, 70  80 

 10 

 1:1,000  1.97 

 1:100 Control  2,000 ppm  1:400 

 1:200  1.93, 1.83, 1.83, 1.83  1.77 

 1:800  1.77  (  6) 

 20 

 1:1,000  2.57 

 2,000 ppm  1:400  1:100 Control 

 1:800  2.57, 2.57, 2.47, 2.47  2.43 

 1:200  2.40  (  6) 

 30 

 1:100  3.30 

 2,000 ppm Control  1:1,000  1:400 

 1:200  3.27, 3.20, 3.07, 3.03  2.80 

 1:800  2.73  (  6) 

 40 

 Control  4.03 

 1:200  1:100  2,000 ppm 

1:1,000  1:800  3.93, 3.90, 3.87, 3.67  3.33 

 1:400  3.23 

(  6) 

 50 

 Control  4.10 

1:1,000  1:100  2,000 ppm  1:200 

 1:400  4.05, 4.03, 3.97, 3.97  3.84 

 1:800  3.62  (  6) 
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 60 

 Control  4.13 

1:1,000  1:100  1:200  2,000 ppm 

 1:400  4.13, 4.07, 4.00, 3.97  3.93 

 1:800  3.77  (  6) 

 70 

 Control  4.13 

1:1,000  1:100  1:200  2,000 ppm 

 1:400  4.13, 4.07, 4.03, 4.03  3.93 

 1:800  3.80  (  6) 

 80 

 1:400  4.97 

 1:800   1:1,000 Control   1:100 

 2,000 ppm   4.93, 4.13, 4.13, 4.07  4.07 

 1:200  4.03  (  6) 

 ( )  10, 20, 30, 40, 50, 60, 70  80 

 10 

 1:400  2.83 

 1:800  1:1,000  2,000 ppm Control 

 1:100  2.77, 2.70, 2.60, 2.57  2.57 

 1:200  2.53  (  6) 

 20 

 1:400  3.13 

 1:1,000  1:100 Control  1:800 

 1:200  3.07, 3.03, 3.03, 2.97  2.93 

 2,000 ppm  2.93  (  6) 
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 30 

 1:400  3.27 

 1:800  1:1,000 Control  1:100 

 2,000 ppm  3.20, 3.10, 3.10, 3.07  2.97 

 1:200  2.93  (  6) 

 40 

 Control  3.33  1:800 

 1:1,000  1:400  1:100 

 1:200  3.33, 3.30, 3.30, 3.17  3.17 

 2,000 ppm  3.07  (  6) 

 50 

 1:1,000  3.48 

 1:800 Control  1:400  1:100 

 1:200  3.40, 3.37, 3.30, 3.23  3.20 

 2,000 ppm  3.13  (  6) 

 60 

 1:1,000  3.48 

 1:800 Control  1:400  1:100 

 1:200  3.43, 3.37, 3.33, 3.33  3.20 

 2,000 ppm  3.17  (  6) 

 70 

 1:1,000  3.48 

 1:800  1:400 Control  1:100 

 1:200  3.43, 3.37, 3.37, 3.37  3.27 

 2,000 ppm  3.17  (  6) 

 80 

 1:800  3.53 

 1:400  1:1,000 Control  1:100 

 1:200  3.50, 3.48, 3.37, 3.37  3.30 

 2,000 ppm  3.17  (  6) 
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 6

 ( )

10  20  30  40  50  60  70  80 

Control 4.40 4.60a 4.70 4.95abc 5.05ab 5.05ab 5.10ab 5.10ab

CaCl2 2,000 ppm(533ppm) 4.55 5.00a 5.10 5.25a 5.25a 5.25a 5.25a 5.25a

 1:100(533ppm) 4.50 4.80a 4.80 5.05ab 5.05ab 5.05ab 5.05ab 5.05ab

1:200(266.5ppm) 4.20 4.40 a 4.70 4.85abc 4.85abc 4.85abc 4.85abc 4.85abc

 1:400(133.3ppm) 4.20 4.40a 4.80 5.00ab 5.00ab 5.00ab 5.00ab 5.00ab

 1:800(66.63 ppm) 3.80 3.80b 4.20 4.50c 4.50c 4.50c 4.50c 4.50c

 1:1,000(53.3ppm) 3.50 4.40a 4.50 4.70bc 4.70bc 4.70bc 4.70bc 4.70bc

 C.V. (%) 14.33 9.82 10.16 6.71 6.28 6.28 6.14 6.14 

 F-test ns ** ns * * * * *

Control 1.83 2.47 3.20 4.03a 4.10 4.13 4.13 4.13 

CaCl2 2,000 ppm(533ppm) 1.83 2.57 3.27 3.87ab 3.97 3.97 4.03 4.07 

 1:100(533 ppm) 1.93 2.47 3.30 3.90a 4.03 4.07 4.07 4.07 

 1:200(266.5ppm) 1.77 2.40 2.80 3.93a 3.97 4.00 4.03 4.03 

 1:400(133.3ppm) 1.83 2.57 3.03 3.23c 3.84 3.93 3.93 4.97 

 1:800(66.63 ppm) 1.77 2.43 2.73 3.33bc 3.62 3.77 3.80 4.93 

 1:1,000(53.3ppm) 1.97 2.57 3.07 3.67abc 4.05 4.13 4.13 4.13 

 C.V. (%) 10.57 13.94 17.52 10.62 8.49 7.72 7.17 6.83 

 F-test ns ns ns * ns ns ns ns

Control 2.57 3.03 3.10 3.33 3.37 3.37 3.37 3.37 

CaCl2 2,000 ppm(533ppm) 2.60 2.93 2.97 3.07 3.13 3.17 3.17 3.17 

 1:100(533 ppm) 2.57 3.03 3.07 3.17 3.23 3.33 3.37 3.37 

( )  1:200(266.5ppm) 2.53 2.93 2.93 3.17 3.20 3.20 3.27 3.30 

 1:400(133.3ppm) 2.83 3.13 3.27 3.30 3.30 3.33 3.37 3.50 

 1:800(66.63 ppm) 2.77 2.97 3.20 3.33 3.40 3.43 3.43 3.53 

 1:1,000(53.3ppm) 2.70 3.07 3.10 3.30 3.48 3.48 3.48 3.48 

 C.V. (%) 11.88 12.25 9.02 7.80 9.18 8.75 8.78 9.32 

 F-test ns ns ns ns ns ns ns ns

 Duncan’s Multiple Range Test (DMRT) 

ns = 
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( )

(4)

 10, 20, 30, 40, 50, 60, 70  80 

 10 

 Control  24.60 

 1:200  1:800  1:100  1:400 

 2,000 ppm  24.50, 24.20, 23.60, 23.20  22.10 

 1:1,000  21.50 

(  7) 

 20 

 1:100  52.50 

 Control  2,000 ppm  1:1,000  1:400 

 1:800  51.20, 49.60, 48.50, 48.40  47.60 

 1:200  44.70 

(  7) 

 30 

 1:100  70.20 
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 Control  1:400  1:1,000  1:200 

 1:800   67.20, 64.00, 63.40, 63.40  63.00 

 2,000 ppm  61.30 

(  7) 

 40 

 Control  70.20 

 1:100  1:200  1:400  1:1,000 

 1:800  69.50, 68.10, 66.20, 65.40  63.40 

 2,000 ppm  61.50 

(  7) 

 50 

 Control  73.40 

 1:100  1:200  1:400  1:1,000 

 1:800  72.00, 71.40, 69.20, 68.60  66.00 

 2,000 ppm  64.80 

(  7) 

 60 

 1:100  66.40 

 1:1,000  1:200  1:800 

 1:400  Control  65.20, 64.30, 63.40, 60.60 

60.00  2,000 ppm  55.80 

 (  7) 

 70 

 1:100  66.33 

 1:200  1:1,000 Control  1:800 

 2,000 ppm  65.30, 64.50, 63.50, 63.00  56.90 

 1:400  55.60 

(  7) 
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 80 

 1:200  64.20 

 1:100  1:1,000 Control  1:800 

 1:400  62.80, 59.30, 58.80, 58.60  57.20 

 2,000 ppm  53.60 

(  7) 

 10, 20, 30, 40, 50, 60, 70  80 

 10 

 1:100  17.83 

 1:400  1:1,000 Control  1:200 

 2,000 ppm  16.93, 16.63, 16.27, 15.77  15.70 

 1:800  15.47 

(  7) 

 20 

 1:400  34.13 

 1:1,000  1:100  1:800 Control 

 2,000 ppm  34.00, 33.07, 32.47, 32.33  32.07 

 1:200  32.03 

(  7) 

 30 

 1:100  50.53 

 1:800 Control  1:400  1:1,000 

 2,000 ppm  50.33, 49.87, 48.73, 48.67  48.20 

 1:200  47.33 

(  7) 

 40 

 Control  58.73 
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 1:100  1:400  2,000 ppm 

 1:200  1:800  56.87, 56.73, 55.20, 

54.80  53.47  1:1,000 

51.93  (  7) 

 50 

 1:400  60.80 

 1:100 Control  1:800 

2,000 ppm  1:1,000  60.33, 60.27, 56.53, 56.40 

 56.07  1:200  55.07 

 (  7) 

 60 

 1:800  57.67 

 Control  1:400  1:100  1:1,000 

 2,000 ppm  55.53, 55.13, 54.87, 54.47  54.47 

 1:200  49.87 

(  7) 

 70 

 1:1,000  53.27 

 1:800  1:400 Control 

2,000 ppm  1:200  52.53, 48.87, 48.20, 47.93 

 46.20  1:100  45.67 

 (  7) 

 80 

 1:400  50.33 

 1:800  1:1,000 Control  1:200 

 2,000 ppm  48.80, 48.40, 47.66, 47.47  47.00 

 1:100  46.93 

(  7) 
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 ( )  10, 20, 30, 40, 50, 60, 70  80 

 10 

 2,000 ppm  31.53 

 1:1,000  1:100  1:800 

Control  1:200  29.27, 29.27, 28.73, 28.60 

28.53  1:400  27.20 

 (  7) 

 20 

 1:800  43.40 

 2,000 ppm  1:100 Control  1:200 

 1:400  42.80, 42.40, 41.80, 40.27  38.80 

 1:1,000  38.66 

(  7) 

 30 

 1:100  48.87 

 1:200  2,000 ppm  1:800 

 1:400  1:1,000  47.60, 47.00, 

46.40, 43.80  43.07  Control  42.53 

 (  7) 

 40 

 1:200  50.37 

 1:100  2,000 ppm  1:800 

 1:400  Control  50.13, 48.80, 48.20, 46.60 

46.43  1:1,000  45.70 

 (  7) 

 50 

 1:100  52.13 

 1:200  2,000 ppm  1:800 
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 1:1,000  1:400  51.50, 50.80, 

49.93, 48.70  48.50  Control  47.70 

 (  7) 

 60 

 1:100  44.27 

 2,000 ppm  1:400  1:800 

 1:1,000  1:200  42.73, 42.30, 

42.00, 41.27  40.83  Control  40.07 

 (  7) 

 70 

 2,000 ppm  43.67 

 1:100  1:400  1:800 

 1:200  1:1,000  43.40, 42.53, 

41.80, 40.67  39.10  Control  39.10 

 (  7) 

 80 

 1:200  45.20 

 2,000 ppm  1:100  1:400 

 1:800  Control  42.47, 41.93, 41.60, 41.53 

39.43  1:1,000  38.43 

 (  7) 
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 ( )

10  20  30  40  50  60  70  80 

Control 24.60 51.20 67.20 70.20 73.40 60.00 63.50 58.80 

CaCl2 2,000 ppm(533ppm) 22.10 49.60 61.30 61.50 64.80 55.80 59.90 53.60 

 1:100(533ppm) 23.60 52.50 70.20 69.50 72.00 66.40 66.30 62.80 

 1:200(266.5ppm) 24.50 44.70 63.40 68.10 71.40 64.30 65.30 64.20 

 1:400(133.3ppm) 23.20 48.40 64.00 66.20 69.20 60.60 55.60 57.20 

 1:800(66.63 ppm) 24.20 47.60 63.00 63.40 66.00 63.40 63.00 58.60 

 1:1,000(53.3ppm) 21.50 48.50 63.50 65.40 68.60 65.20 64.50 59.30 

 C.V. (%) 9.42 13.73 9.93 11.51 10.67 15.05 10.47 10.08 

 F-test ns ns ns ns ns ns ns ns 

Control 16.27 32.33 49.87 58.73a 60.27ab 55.53 48.20 47.66 

CaCl2 2,000 ppm(533ppm) 15.70 32.07 48.20 55.20abc 56.40abc 54.47 47.93 47.00 

 1:100(533 ppm) 17.83 33.07 50.53 56.87ab 60.33ab 54.87 45.67 46.93 

 1:200(266.5ppm) 15.77 32.03 47.33 54.80abc 55.07c 49.87 46.20 47.47 

 1:400(133.3ppm) 16.93 34.13 48.73 56.73ab 60.80a 55.13 48.87 50.33 

 1:800(66.63 ppm) 15.47 32.47 50.33 53.47bc 56.53abc 57.67 52.53 48.80 

 1:1,000(53.3ppm) 16.63 34.00 48.67 51.93c 56.07bc 54.47 53.27 48.40 

 C.V. (%) 9.43 7.79 9.76 5.13 5.45 8.71 8.59 7.39 

 F-test ns ns ns * * ns ns ns 

Control 28.60 41.80 42.53 46.43 47.70 40.07 39.10 39.43

CaCl2 2,000 ppm(533ppm) 31.53 42.80 47.00 48.80 50.80 42.73 43.67 42.47 

 1:100(533 ppm) 29.27 42.40 48.87 50.13 52.13 44.27 43.40 41.93 

( )  1:200(266.5ppm) 28.53 40.27 47.60 50.37 51.50 40.83 40.67 45.20 

 1:400(133.3ppm) 27.20 38.80 43.80 46.60 48.50 42.30 42.53 41.60 

 1:800(66.63 ppm) 28.73 43.40 46.80 48.20 49.93 42.00 41.80 41.53 

 1:1,000(53.3ppm) 29.27 38.66 43.07 45.70 48.70 41.27 39.10 38.43 

 C.V. (%) 11.34 12.15 12.87 12.89 12.30 8.92 9.32 9.68 

 F-test ns ns ns ns ns ns ns ns

 Duncan’s Multiple Range Test (DMRT) 

ns = 
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 ( )

(5)

 10, 20, 30, 40, 50, 60, 70  80 

 10 

 1:800  19.40 

2,000 ppm Control  1:200  1:100 

1:1,000  18.80, 18.70, 18.40, 18.10  16.80 

 1:400  16.80  (  8) 

 20 

 1:100  63.50 

1:800 Control  1:1,000  1:400 

1:200  62.40, 61.50, 57.30, 57.20  52.20 

 2,000 ppm  51.30  (  8) 

 30 

 1:100  100.00  Control 

 1:200  1:800  1:1,000 
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2,000 ppm  96.70, 96.20, 94.00, 91.30  90.40 

 1:400  79.20  (  8) 

 40 

 1:100  217.70 

1:800  1:200 Control  1:1,000 

2,000 ppm  192.20, 184.00, 183.10, 177.00  164.10 

 1:400  162.40  (  8) 

 50 

 1:100  228.00 

1:1,000  1:800 Control  2,000 ppm 

1:200  211.70, 203.00, 195.60, 195.20  193.60 

 1:400  192.40  (  8) 

 60 

 1:100  243.90  Control 

 1:1,000  2,000 ppm  1:800 

1:400  231.50, 221.60, 217.30, 210.20  205.60 

 1:200  204.30  (  8) 

 70 

 1:100  249.20  Control 

 2,000 ppm  1:1,000  1:800 

 1:400  236.20, 230.20, 228.30, 227.20  214.20 

 1:200  212.00  (  8) 

 80 

 1:100  251.80 

2,000 ppm Control  1:800  1:1,000 

 1:400  243.90, 236.80, 230.40, 230.00  216.60 

 1:200  210.80  (  8) 

 10, 20, 30, 40, 50, 60, 70  80 
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 10 

 1:800  12.27 

1:1,000  1:100  1:400 Control 

1:200  11.87, 11.67, 11.60, 11.53  11.13 

 2,000 ppm  10.93  (  8) 

 20 

 1:400  34.67 

1:1,000  1:200  1:800 Control 

1:100  33.66, 31.93, 31.93, 31.13  31.13 

 2,000 ppm  29.67  (  8) 

 30 

 1:800  74.93 

1:400 Control  1:100  2,000 ppm 

1:200  74.87, 73.27, 71.73, 69.87  69.27 

 1:1,000  66.33  (  8) 

 40 

Control  155.53  2,000 ppm            

 1:100  1:400  1:800 

 1:200  148.47, 147.47, 144.33, 144.13  143.67 

 1:1,000  139.07  (  8) 

 50 

 1:400  196.00 

1:200 Control  1:800  1:1,000 

1:100  195.33, 188.60, 187.67, 185.60  184.94 

 2,000 ppm  183.00  (  8) 

 60 

 1:800  222.60  Control                  

 1:400  1:100  2,000 ppm 

 1:200  215.40, 211.67, 211.60, 208.47  206.60 

 1:1,000  202.87  (  8) 
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 70 

 1:800  232.60  Control  

 1:200  1:100  1:400 

 2,000 ppm    222.40, 222.20, 219.74, 216.60  213.73 

 1:1,000  212.34  (  8) 

 80 

 1:800  235.60  Control 

 2,000 ppm  1:100  1:400 

 1:200  231.87, 230.67, 226.93, 225.33 222.40

 1:1,000  222.40  (  8) 

 ( )  10, 20, 30, 40, 50, 60, 70  80 

 10 

 2,000 ppm  48.93 

 1:1,000  1:800 Control  1:100 

 1:200  44.73, 44.53, 43.87, 42.80  41.20 

 1:400  40.87  (  8) 

 20 

 2,000 ppm  82.80 

 1:100  1:800  1:200 Control 

 1:1,000  78.07, 77.33, 74.73, 72.93  69.74 

 1:400  67.60  (  8) 

 30 

 2,000 ppm  90.40 

 1:100  1:200  1:800 Control 

 1:400  85.20, 83.00, 81.93, 79.90  78.33 

 1:1,000  72.80  (  8) 
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 40 

 1:400  123.20 

2,000 ppm  1:100 Control  1:800 

1:200  122.80, 120.60, 116.87, 113.07  111.60 

 1:1,000  103.00  (  8) 

 50 

 1:400  140.80 

2,000 ppm  1:200  1:100  1:800 

Control  139.53, 133.03, 127.67, 125.80  122.33 

 1:1,000  114.27  (  8) 

 60 

 1:400  144.33 

2,000 ppm  1:200  1:100  1:800 

Control  143.20, 139.50, 133.47, 130.47  126.10 

 1:1,000  124.73  (  8) 

 70 

 1:400  150.67 

2,000 ppm  1:200  1:800  1:100 

Control  147.07, 143.83, 134.46, 133.67  130.90 

 1:1,000  130.67  (  8) 

 80 

 1:400  157.27 

1:200  2,000 ppm  1:800  1:100 

 1:1,000  150.27, 149.20, 137.27, 137.00  132.20 

 Control  131.97  (  8) 
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 ( )

10  20  30  40  50  60  70  80 

Control 18.70 61.50 96.70 183.10 195.60 231.50 236.20 236.80 

CaCl2 2,000 ppm(533ppm) 18.80 51.30 90.40 164.10 195.20 217.30 230.20 243.90 

 1:100(533 ppm) 18.10 63.50 100.00 217.70 228.00 243.90 249.20 251.80 

 1:200(266.5ppm) 18.40 52.20 96.20 184.00 193.60 204.30 212.00 210.80 

 1:400(133.3ppm) 16.80 57.20 79.20 162.40 192.40 205.60 214.20 216.60 

 1:800(66.63 ppm) 19.40 62.40 94.00 192.20 203.00 210.20 227.20 230.40 

 1:1,000(53.3ppm) 16.80 57.30 91.30 177.00 211.70 221.60 228.30 230.00

 C.V. (%) 10.49 16.86 17.37 15.10 16.55 17.43 15.95 16.37 

 F-test ns ns ns ns ns ns ns ns 

Control 11.53 31.13 73.27 155.53 188.60 215.40 222.40 231.87 

CaCl2 2,000 ppm(533ppm) 10.93 29.67 69.87 148.47 183.00 208.47 213.73 230.67 

 1:100(533 ppm) 11.67 31.13 71.73 147.47 184.94 211.60 219.74 225.33 

 1:200(266.5ppm) 11.13 31.93 69.27 143.67 195.33 206.60 222.20 226.93 

 1:400(133.3ppm) 11.60 34.67 74.87 144.33 196.00 211.67 216.60 222.40 

 1:800(66.63 ppm) 12.27 31.93 74.93 144.13 187.67 222.60 232.60 235.60 

 1:1,000(53.3ppm) 11.87 33.66 66.33 139.07 185.60 202.87 212.34 223.00 

 C.V. (%) 13.34 8.36 11.23 9.19 10.63 12.29 11.83 11.92 

 F-test ns ns ns ns ns ns ns ns 

Control 43.87 72.93 79.90 116.87 122.33 126.10 130.90 131.97

CaCl2 2,000 ppm(533ppm) 48.93 82.80 90.40 122.80 139.53 143.20 147.07 149.20 

 1:100(533 ppm) 42.80 78.07 85.20 120.60 127.67 133.47 133.67 137.00 

( )  1:200(266.5ppm) 41.20 74.73 83.00 111.60 133.03 139.50 143.83 150.27 

 1:400(133.3ppm) 40.87 67.60 78.33 123.20 140.80 144.33 150.67 157.27 

 1:800(66.63 ppm) 44.53 77.33 81.93 113.07 125.80 130.47 134.46 137.27 

 1:1,000(53.3ppm) 44.73 69.74 72.80 103.00 114.27 124.73 130.67 132.20 

 C.V. (%) 10.81 12.54 12.46 13.73 11.18 10.22 10.85 10.82 

 F-test ns ns ns ns ns ns ns ns

 Duncan’s Multiple Range Test (DMRT) 

ns = 
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( )

(6)

 90 

 90 

 2,000 ppm  8.70 

 1:200  1:100  1:400  1:800  

 1:1,000  8.60, 8.60, 8.50, 7.90  7.80 

 Control  7.80  (  9) 

 90 

 90 

 1:100  9.27 

 2,000 ppm  1:200  1:400 

1:1,000  1:800  9.20, 9.13, 8.73, 8.67  8.33 

 Control  8.13  (  9) 
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 ( )  90 

 90 

 2,000 ppm  7.07 

 1:100  1:200  1:400  1:1,000  

 1:800  6.73, 6.67, 6.57, 6.47  6.33 

 Control  6.20  (  9) 
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 9  90 

Control 7.80

CaCl2 2,000 ppm(533ppm) 8.70

 1:100(533 ppm) 8.60

 1:200(266.5ppm) 8.60

 1:400(133.3ppm) 8.50

 1:800(66.63 ppm) 7.90

 1:1,000(53.3ppm) 7.80

 C.V. (%) 24.64 

 F-test ns 

Control 8.13

CaCl2 2,000 ppm(533ppm) 9.20

 1:100(533 ppm) 9.27

 1:200(266.5ppm) 9.13

 1:400(133.3ppm) 8.73

 1:800(66.63 ppm) 8.33

 1:1,000(53.3ppm) 8.67

 C.V. (%) 8.01 

 F-test ns 

 ( ) Control 6.20

CaCl2 2,000 ppm(533ppm) 7.07

 1:100(533 ppm) 6.73

 1:200(266.5ppm) 6.67

 1:400(133.3ppm) 6.57

 1:800(66.63 ppm) 6.33

 1:1,000(53.3ppm) 6.47

 C.V. (%) 10.36 

 F-test ns 

 Duncan’s Multiple Range Test (DMRT) 

ns = 
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(7)

2,000 ppm  5.72  1:200  

 1:100  1:400  1:800

 1:1,000  5.72, 5.57, 5.45, 5.34  5.33 

Control  4.94  (  10) 

2,000 ppm  6.20  1:100  

 1:200  1:800  1:400

 1:1,000  6.16, 6.15, 6.14, 5.94  5.92 

Control  5.77  (  10) 

 ( )

2,000 ppm  5.04  1:100  

 1:200  1:800  1:1,000 

 1:400  4.90, 4.75, 4.68, 4.63  4.58 

 Control  4.36  (  10) 
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 10

Control 4.94

CaCl2 2,000 ppm(533ppm) 5.72

 1:100(533 ppm) 5.57

 1:200(266.5ppm) 5.72

 1:400(133.3ppm) 5.45

 1:800(66.63 ppm) 5.34

 1:1,000(53.3ppm) 5.33

 C.V. (%) 10.42 

 F-test ns 

Control 5.77

CaCl2 2,000 ppm(533ppm) 6.20

 1:100(533 ppm) 6.16

 1:200(266.5ppm) 6.15

 1:400(133.3ppm) 5.94

 1:800(66.63 ppm) 6.14

 1:1,000(53.3ppm) 5.92

 C.V. (%) 5.16 

 F-test ns 

 ( ) Control 4.36

CaCl2 2,000 ppm(533ppm) 5.04

 1:100(533 ppm) 4.90

 1:200(266.5ppm) 4.75

 1:400(133.3ppm) 4.58

 1:800(66.63 ppm) 4.68

 1:1,000(53.3ppm) 4.63

 C.V. (%) 7.78 

 F-test ns 

 Duncan’s Multiple Range Test (DMRT) 

ns = 
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 26  ( )

(8)

 90 

 90 

 2,000 ppm  42.20 

 1:200  1:100  1:400 

 1:800  1:1,000  38.20, 36.70, 35.60, 

34.60  34.60  Control  34.40  (  11) 

 90 

 90 

 1:100  50.13 

 2,000 ppm  1:200  1:800 

1:1,000  1:400  48.93, 47.20, 47.00, 46.47 

45.33  Control  43.67  (  11) 

 ( )  90 
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 90 

 2,000 ppm  21.30 

 1:200  1:400  1:100    

 1:800  1:1,000  18.42, 

18.16, 18.02, 17.08  16.43  Control  14.75 

 (  11) 
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 11  90 

Control 34.40

CaCl2 2,000 ppm(533ppm) 42.20

 1:100(533 ppm) 36.70

 1:200(266.5ppm) 38.20

 1:400(133.3ppm) 35.60

 1:800(66.63 ppm) 34.60

 1:1,000(53.3ppm) 34.60

 C.V. (%) 13.47 

 F-test ns 

Control 43.67

CaCl2 2,000 ppm(533ppm) 48.93

 1:100(533 ppm) 50.13

 1:200(266.5ppm) 47.20

 1:400(133.3ppm) 45.33

 1:800(66.63 ppm) 47.00

 1:1,000(53.3ppm) 46.47

 C.V. (%) 13.73 

 F-test ns 

 ( ) Control 14.75e

CaCl2 2,000 ppm(533ppm) 21.30a

 1:100(533 ppm) 18.02bc

 1:200(266.5ppm) 18.42b

 1:400(133.3ppm) 18.16b

 1:800(66.63 ppm) 17.08cd

 1:1,000(53.3ppm) 16.43d

 C.V. (%) 4.27 

 F-test ** 

 Duncan’s Multiple Range Test (DMRT) 

ns = 

** =  99 % 
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(9)

 90 

 90 

 1:100 

1,648.60  1:200  2,000 ppm 

 1:400  1:800  1:1,000 

 1,448.20, 1,297.70, 1,082.44, 1,029.40  980.00  Control 

 939.80  (  12) 

 90 

 90 

 1:100 

2,728.00  2,000 ppm  1:200 

 1:400  1:800  1:1,000 

 2,691.33, 2,669.99, 2,590.00, 2,437.41  2,354.75  Control 

 2,255.51  (  12) 

 ( )  90 

 90 

 2,000 ppm 

927.99  1:100  1:400 

 1:800  1:200  1:1,000 

 823.77, 795.33, 761.42, 756.64  751.00  Control 

 689.46  (  12) 
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 12  90 

 ( )

Control 939.80d

CaCl2 2,000 ppm(533ppm) 1,297.70bc

 1:100(533 ppm) 1,648.60a

 1:200(266.5ppm) 1,448.20ab

 1:400(133.3ppm) 1,082.44cd

 1:800(66.63 ppm) 1,029.40d

 1:1,000(53.3ppm) 980.00d

 C.V. (%) 14.32 

 F-test ** 

Control 2,255.51c

CaCl2 2,000 ppm(533ppm) 2,691.33a

 1:100(533 ppm) 2,728.00a

 1:200(266.5ppm) 2,669.99a

 1:400(133.3ppm) 2,590.00a

 1:800(66.63 ppm) 2,437.41b

 1:1,000(53.3ppm) 2,354.75bc

 C.V. (%) 4.15 

 F-test ** 

 ( ) Control 689.46d

CaCl2 2,000 ppm(533ppm) 927.99a

 1:100(533 ppm) 823.77b

 1:200(266.5ppm) 756.64c

 1:400(133.3ppm) 795.33bc

 1:800(66.63 ppm) 761.42c

 1:1,000(53.3ppm) 751.00c

 C.V. (%) 4.75 

 F-test ** 

 Duncan’s Multiple Range Test (DMRT) 

** =  99 % 
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 ( )

(10)

 60 

 60 

 2,000 ppm 

3.23  1:100  1:400 

 1:200  1:800  1:1,000 

 3.16, 2.92, 2.83, 2.72  2.72  Control 

 2.54  (  13) 

 60 

 60 

 1:100  4.90 

 2,000 ppm  1:200 

 1:800  1:1,000  1:400 

 4.71, 4.68, 4.56, 4.55  4.49  Control 

 4.36  (  13) 
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 ( )  60 

 60 

 2,000 ppm 

6.06  1:100  1:1,000 

 1:200  1:400  1:800 

 5.70, 5.22, 5.06, 4.93  4.76  Control 

 4.41  (  13) 

d
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 13  60 

 (%) 

Control 2.54d

CaCl2 2,000 ppm(533ppm) 3.23a

 1:100(533 ppm) 3.16a

 1:200(266.5ppm) 2.83b

 1:400(133.3ppm) 2.92b

 1:800(66.63 ppm) 2.72c

 1:1,000(53.3ppm) 2.72c

 C.V. (%) 2.07 

 F-test ** 

Control 4.36c

CaCl2 2,000 ppm(533ppm) 4.71ab

 1:100(533 ppm) 4.90a

 1:200(266.5ppm) 4.68abc

 1:400(133.3ppm) 4.49bc

 1:800(66.63 ppm) 4.56bc

 1:1,000(53.3ppm) 4.55bc

 C.V. (%) 3.59 

 F-test * 

 ( ) Control 4.41c

CaCl2 2,000 ppm(533ppm) 6.06a

 1:100(533 ppm) 5.70a

 1:200(266.5ppm) 5.06b

 1:400(133.3ppm) 4.93b

 1:800(66.63 ppm) 4.76bc

 1:1,000(53.3ppm) 5.22b

 C.V. (%) 4.67 

 F-test ** 

 Duncan’s Multiple Range Test (DMRT) 

* =  95 % 

** =  99 % 
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(11)

 Control  86.36 

 1:1,000  1:800  1:400 

 1:200  2,000 ppm  54.93, 

46.26, 29.94, 22.39  20.17  1:100 

 13.83  (  14) 

 Control  67.71 

 1:1,000  1:400  1:800 

 1:200  2,000 ppm  48.33, 

37.85, 37.30, 33.97  21.73  1:100 

 11.00  (  14) 

 ( )

 Control  72.86 

 1:1,000  1:200  1:800 

 1:400  2,000 ppm  52.25, 

39.49, 38.01, 36.08  26.95  1:100 

 18.19  (  14) 
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 14

 (%) 

Control 86.36a

CaCl2 2,000 ppm(533ppm) 20.17e

 1:100(533 ppm) 13.83f

 1:200(266.5ppm) 22.39e

 1:400(133.3ppm) 29.94d

 1:800(66.63 ppm) 46.26c

 1:1,000(53.3ppm) 54.93b

 C.V. (%) 8.50 

 F-test ** 

Control 67.71a

CaCl2 2,000 ppm(533ppm) 21.73d

 1:100(533 ppm) 11.00e

 1:200(266.5ppm) 33.97c

 1:400(133.3ppm) 37.85c

 1:800(66.63 ppm) 37.30c

 1:1,000(53.3ppm) 48.33b

 C.V. (%) 11.11 

 F-test ** 

 ( ) Control 72.86a

CaCl2 2,000 ppm(533ppm) 26.95d

 1:100(533 ppm) 18.19e

 1:200(266.5ppm) 39.49c

 1:400(133.3ppm) 36.08c

 1:800(66.63 ppm) 38.01c

 1:1,000(53.3ppm) 52.25b

 C.V. (%) 15.68 

 F-test ** 

 Duncan’s Multiple Range Test (DMRT) 

** =  99 % 
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2.1

5  1:100, 1:200, 1:400, 1:800  1: 1,000  2,000 ppm 

 60  3 

 2,000 ppm 

 5.25  1:100 

 2,000 ppm 

 8.70 , 9.20  7.07  5.72, 6.20 

 5.04  1:100 

 2,000 ppm  ( )

 21.30 

 1:100 

 50.13  42.20 

 1:100  1,648.60 

2,728.00  ( )  2,000 ppm 

 927.99 

 ( )  2,000 ppm 

 3.23  6.06 

 1:100  4.90 

 3  1:100 

 86.17, 89.00  81.81 
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2.1

 5 

 (Substrate Culture) 

 (2548) 

 (2544) 

 (2544) 

 (2538) 

 60  3 

 3 

 40 

 2,000 ppm  5.25 

 1:100, 1:200  1:400 

 ( )

 2,000 ppm 
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 (2538) 

 (Interminate type) 

 (Pistils)  (Anther) 

( )

 (

)  2,000 ppm 

 21.30 

 3 

 1:100 

 1,648.60 

1:200  1:100 

 2,728.00  2,000 ppm 

 1:200  1:400 

( )  2,000 ppm  927.99 

 1:100 

 4.90  2,000 ppm 

 1:200  ( )

 2,000 ppm  3.23 

 1:100 

( )  2,000 ppm  6.06 

 1:100 

 3 

 (2547) 
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 2 

 2 

 3 

( )  1:100  13.83, 

11.00 18.19  (2548) 

 1:200  (2532) 

 (Calcium nitrate) 

 (Calcium chloride)  0.2  (2,000 ppm) 

 1:100 

 (Ultisol) 

 pH  (Fe)  (Al) 

1.

2.

3.
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4.

5.

 1:50  1:80 
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2.2
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2.2

  1.   ( )

  2.  

  3.   6 x 13 

4.

5.

  6.  

  7.  

  8.   3 

  9.   PE

  10.   120 200

  11.   0.5 

  12.  (Tag) 

 13.  

14.

( )

Randomized Complete Block Design: RCBD 8 (Treatment)  3 

(Replication)

1 Control ( )

2  2500 (ppm)

3 +  1:100(2.99 ppm)

4 +  1:200(1.49 ppm)

5 +  1:100(180 ppm) 

6 +  1:200(90 ppm)

7 +  1:100(247 ppm)

8 +  1:200(123.5 ppm)
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1.  (Substrate Culture) 

 PE 

 0.5 

2.

 1 

 1 

3.  1

2 ( )  1.2

4. 20-25

 1  30 

50

 5.  (EC) -  (pH) 

 EC 

(3  2.0 

)  EC

 EC -  (pH)  5.5-6.5 

 pH  (HNO3)  pH 

 (NaOH) ( , 2548) 

6.  (Drip Irrigation) 

2  10  1 / /

7.

 7 

8.

 Duncan’s Multiple Range Test (DMRT) 

1.

    (1) 

(2)
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(3)

2.

(1)

(2)

(3)

3.

4.

2550

2551

1.

2.  ( )
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2.2

( )

2

 ( )

7

+  1:200 

8.95 +

1:100  2,500 (ppm) +  1:100

+  1:100 +

 1:100 8.78   8.67  8.49   8.39   8.39 8.28

+  1:200 

8.00  (  15) 

21

 95% +  1:200 

16.50

+  1:100 +  1:100 +

 1:100  2,500 (ppm) +

 1:200 +  1:200 16.12

15.95 15.79 15.67 15.51 14.94

14.54  (  15)

35

 2,500 (ppm)

32.11 +  1:200 +

 1:200 +  1:100 +

1:100 +  1:200 

 31.67 31.55 31.34 31.22 30.78 30.39 +
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 1:100 29.61 (  15)

49

 2,500 (ppm)

43.88 +  1:200 +

 1:200 +  1:100 +

 1:100 +  1:200 

43.10, 42.68,  42.40,  42.32,  41.99  40.97  

+  1:100 41.90 (  15)

7

 99% +  1:200

 11.06 +

 1:100  2500 (ppm) +

 1:100 +  1:100 +

1:200 +  1:200  15.33  14.93 

14.83   14.73   14.51   14.49 14.16

 13.37 (  15) 

21

 2500 (ppm)

22.00 +  1:200

+  1:100 +  1:100

+  1:200 +  1:200 +

 1:100  21.50   21.41 21.00  20.83  20.72  20.33 

 19.33 

(  15)

 35 

 2500 (ppm) 

42.22 +  1:200 +

 1:100 +  1:100 +

 1:100 +  1:200
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 42.17  42.17  41.28  41.17  40.11  39.33 

+  1:200  30.89 

(  15)  

49

+ 1:100

55.27 + 1:200

+ 1:100 + 1:100

2,500 (ppm) + 1:200

 54.04  54.00  53.80  53.54  53.51  53.24 

+  1:200  53.01 

(  15)



139

 15
2.2

( ) (T)  

7  21  35   49 

(T1)  Control ( ) 8.39 14.54c 30.78ab 41.99ab

(T2)  2500 (ppm) 8.67 15.67abc 32.11a 43.88a

(T3) +  1:100(2.99ppm) 8.28 15.79abc 29.61b 40.90b

(T4) +  1:200(1.49 ppm) 8.39 15.51abc 31.55ab 42.68ab

(T5) +  1:100(180 ppm) 8.78 16.12ab 31.22ab 42.32ab

(T6) +  1:200(90 ppm) 8.00 14.94bc 30.39ab 40.97b

(T7) +  1:100(247 ppm) 8.49 15.95abc 31.34ab 42.40ab

(T8) +  1:200(123.5 ppm) 8.95 16.50a 31.67ab 43.10ab

C.V.(%) 7.63 4.94 3.80 2.91 

F-test ns * * * 

(T1) Control ( ) 9.17b 19.33 40.11 53.24 

(T2)  2500 (ppm) 10.56ab 22.00 42.22 53.54 

(T3) +  1:100(2.99ppm) 10.78 ab 21.41 42.17 53.80 

(T4) +  1:200(1.49 ppm) 10.22 ab 21.50 39.33 53.51 

(T5) +  1:100(180 ppm) 10.50 ab 21.00 41.28 54.00 

(T6) +  1:200(90 ppm) 10.00 ab 20.83 38.89 53.01 

(T7) +  1:100(247 ppm) 10.22 ab 20.34 41.17 55.28 

(T8) +  1:200(123.5 ppm) 11.06a 20.72 42.17 54.04 

C.V.(%) 18.22 9.31 8.72 5.93 

(

)

F-test ** ns ns ns 

: Duncan’s Multiple Range Test (DMRT)

ns

* 95%

** 99%
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7

+  1:100 

0.36 +  1:200              

+  1:200 +  1:100

 2500 (ppm) +  1:200

+ 1:100 0.35  0.34  0.33 0.33 0.32  0.31

0.31

(  16) 

 21 

+  1:100

0.84 +  1:200          

+  1:100  2500 (ppm)

+  1:100 +  1:200

+  1:200 0.83   0.82 0.80  0.79  0.78  0.76

0.71

 (  16)

35

 95% +  1:100 

2.23 +

 1:200 +  1:100 +

 1:100 +  1:200  2500 

(ppm)  2.19  2.13  2.12  1.91  1.79  1.76

+  1:200 

1.60  (  16)

 49 

 95% +  1:200 

+  1:100 2.99

+  1:200 +  1:100

+  1:100  2,500 (ppm)  
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+  1:200  2.96  2.95  2.77  2.66  2.64 

2.58

 (  16 )

7

 95% +  1:200

 0.39  2500 

(ppm) +  1:100 +

 1:100 +  1:200 +

1:200 +  1:100  0.37  0.36  0.35    

0.35   0.33  0.32 

 0.28  (  16)

21

 2500 (ppm) 

0.73 +  1:100

+  1:100 +  1:200 +

 1:200 +  1:200 +

 1:100  0.70  0.69  0.68  0.67  0.66 0.65

 0.59 

(  16) 

 35

+  1:200 

1.33 +  1:100 

 2500 (ppm) +  1:100 +

 1:100 +  1:200

 1.30  1.27  1.27  1.26  1.20 1.20

+  1:200  1.13  (  16) 

49

+  1:100 +

1:200 +  1:100  2.20 
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+  1:100 

 2500 ppm  2.13  2.10  2.10 

+  1:200 

+  1:200  2.07  (  16) 

 16
2.2

( )(T)

7  21  35   49 

    

(T1)    Control ( ) 0.31 0.71b 1.79ab 2.58b 

(T2)  2500 (ppm) 0.33 0.80ab 1.79ab 2.66b 

(T3) +  1:100(2.99 ppm) 0.31 0.79ab 2.12a 2.95a 

(T4) +  1:200(1.49 ppm) 0.32 0.76ab 1.60b 2.64b 

(T5) +  1:100(180 ppm) 0.33 0.82ab 2.13a 2.99a 

(T6) +  1:200(90 ppm) 0.35 0.78ab 1.91ab 2.77ab 

(T7) +  1:100(247 ppm) 0.36 0.84a 2.23a 2.99a 

(T8) +  1:200(123.5 ppm) 0.34 0.83a 2.19a 2.96a 

C.V.(%) 18.40 7.56 11.74 5.34 

F-test ns * * * 

( )

    

(T1)    Control ( ) 0.28 b 0.59 1.20 2.10 

(T2)  2500 (ppm) 0.37 a 0.73 1.27 2.10 

(T3) +  1:100(2.99 ppm) 0.32 ab 0.65 1.27 2.20 

(T4) +  1:200(1.49 ppm) 0.33 ab 0.68 1.33 2.07 

(T5) +  1:100(180 ppm) 0.35ab 0.70 1.30 2.13 

(T6) +  1:200(90 ppm) 0.35 ab 0.66 1.20 2.07 

(T7) +  1:100(247 ppm) 0.36 a 0.69 1.26 2.20 

(T8) +  1:200(123.5 ppm) 0.39 a 0.67 1.13 2.20 

C.V.(%) 12.84 12.41 10.85 7.67 

F-test * ns ns ns 

: Duncan’s Multiple Range Test (DMRT)

ns

* 95%
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 7 

+  1:200  5.22 

 2500 (ppm) +

 1:100 +  1:200 +

1:100  5.11   5.11   5.11  5.00 

+  1:100 +

 1:200  4.89  (  17 )

 21 

+  1:200  10.43 

+  1:200 +

 1:100 Control ( )  2500 (ppm)

+  1:100 +  1:100   

10.23   10.22   9.99  9.99  9.89 9.66

+  1:200  9.55  (  17) 

 35 

+  1:200

12.67 +  1:100

+  1:100  2500 (ppm) +

 1:200 +  1:200 +

 1:100 12.10  12.00  11.90  11.87  11.77 11.57

11.47  (  17) 

 49 

 95% +  1:200

 20.43 +  1:100

 2500 (ppm) +  1:200      

+  1:200 +  1:100

+  1:100 20.20  19.23  19.23  18.90  18.77

18.67 17.90

(  17) 
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 7 

 2500 (ppm)

5.33 +  1:200 +

 1:100 +  1:100 

+  1:100 +  1:200 

5.00   5.00   5.00   4.67   4.67 4.67

+  1:200 4.33  (  17) 

 21 

+  1:100

11.00  2500 (ppm)

+  1:200 +  1:100 +

 1:200 +  1:200 +

 1:100 10.90   10.43   10.43  10.10 10.10 10.01

9.57  (  17) 

 35 

 95%  2500 (ppm)

14.67 +  1:100            

+  1:200 +  1:200 

+  1:100 +  1:200 

14.43  14.23   14.00   13.90   13.87 13.70

+  1:100 13.57

(  17) 

 49 

+  1:200

19.33 +  1:200

2500 (ppm) +  1:200 +

 1:100 +  1:100 +

 1:100 19.23  19.13   18.90   18.67  18.67 18.33

18.00

(  17)
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 17
2.2

( )(T)

7  21  35   49 

    

(T1)    Control ( ) 4.89 9.99 11.47 17.90b 

(T2)  2500 (ppm) 5.11 9.99 11.90 19.23ab 

(T3) +  1:100(2.99 ppm) 4.89 9.66 11.57 18.67ab 

(T4) +  1:200(1.49 ppm) 5.22 10.23 11.87 18.90ab 

(T5) +  1:100(180 ppm) 5.11 9.89 12.10 20.20a 

(T6) +  1:200(90 ppm) 4.89 9.55 12.67 19.23ab 

(T7) +  1:100(247 ppm) 5.00 10.22 12.00 18.77ab 

(T8) +  1:200(123.5 ppm) 5.11 10.43 11.77 20.43a 

C.V.(%) 7.36 4.09 5.73 5.94 

F-test ns ns ns * 

( )

    

(T1)    Control ( ) 5.00 9.57 13.7b 18.00 

(T2)  2500 (ppm) 5.33 10.90 14.67a 19.13 

(T3) +  1:100(2.99 ppm) 4.67 10.01 13.57b 18.33 

(T4) +  1:200(1.49 ppm) 4.67 10.10 14.00ab 18.90 

(T5) +  1:100(180 ppm) 4.67 11.00 14.43ab 18.67 

(T6) +  1:200(90 ppm) 4.33 10.10 13.87ab 19.23 

(T7) +  1:100(247 ppm) 5.00 10.43 13.90ab 18.67 

(T8) +  1:200(123.5 ppm) 5.00 10.43 14.23ab 19.33 

C.V.(%) 12.05 7.44 3.38 5.25 

F-test ns ns * ns 

: Duncan’s Multiple Range Test (DMRT)

ns

* 95%
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 2,500 (ppm)

 12.68 +  1:100

+  1:200 +  1:00

+  1:100 +  1:200

 11.35  11.31  11.12  11.08  10.22  10.18 

+  1:200  9.79  (  18) 

 2500 (ppm)

 9.97 +  1:200

+  1:100 +  1:100

+  1:200 +  1:100   

 9.40   9.33   9.10  9.03   8.77 8.57

+  1:200  8.11 

(  18)

 99%  2500 

(ppm)  1,150 

+  1:200 +   1:100

+  1:100 +  1:200

+  1:100

1,001.11  958.89   951.67   878.11   826.67  826.67 

+  1:200  785.55  (  18)

 99%  2,500 
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(ppm)  513.89 

+  1:100 +  1:100

+  1:200 +  1:200

+  1:100 +  1:200

 426.67  425  381.11  362.22  350.55 348.89

 338.89 

(  18)

+  1:100

 848.89 +

 1:100 +  1:200 +

 1:200  2,500 (ppm)

+  1:100  835.56  

831.11   804.44   782.22   775.56  765.55 

+  1:200

 715.56  (  18) 

+  1:100 

 414.44 

+  1:100  2500 (ppm)

+  1:200 +  1:200 

+  1:200  407.78   

401.11   387.78   381.11  375.55  368.89 

+  1:100  363.33 

(  18) 
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 18  56  2.2 
( ) (T)  

( )

(T1) Control ( ) 11.31 826.67b 338.89b

(T2)  2500 (ppm) 12.6767 1150.00a 513.89a

(T3) +  1:100(2.99ppm) 11.3533 958.89 ab 424.99ab

(T4) +  1:200(1.49 ppm) 10.18 785.55b 348.89b

(T5) +  1:100(180 ppm) 10.2233 826.67b 350.55b

(T6) +  1:200(90 ppm) 9.79 878.11ab 362.22b

(T7) +  1:100(247 ppm) 11.08 951.67ab 381.11b

(T8) +  1:200(123.5 ppm) 11.1233 1001.11ab 426.67ab

C.V.(%) 13.68 11.37 12.49 

F-test ns ** ** 

(T1) Control ( ) 9.10 782.22 375.55 

(T2)  2500 (ppm) 9.67 775.56 401.11 

(T3) +  1:100(2.99ppm) 9.03 835.56 414.44 

(T4) +  1:200(1.49 ppm) 9.40 804.44 387.78 

(T5) +  1:100(180 ppm) 9.33 848.89 407.78 

(T6) +  1:200(90 ppm) 8.77 831.11 381.11 

(T7) +  1:100(247 ppm) 8.57 765.55 363.33 

(T8) +  1:200(123.5 ppm) 8.11 715.56 368.89 

C.V.(%) 12.40 11.32 12.00 

( )

F-test ns ns ns 

:  Duncan’s Multiple Range Test (DMRT) 

ns

** 99%
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   T8

 49  56 

( )

99%  2500 (ppm)

30.55 (ppm)

+  1:200 +  1:200 +

 1:100 +  1:100 +

 1:100 +  1:200

21.19   20.78   17.72   17.36   17.21 15.94 (ppm)

12.27 (ppm) (  19)

99%  2500 (ppm)

23.99 (ppm)

+  1:200 +  1:100

+  1:200 +  1:200

+  1:100 +  1:100

14.61   13.70    11.72    11.07   10.48 10.06 (ppm)
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9.40 (ppm)

(  19)

 19  56 

2.2

 ( )
(T)

(T1)  Control ( ) 12.27b 9.39c

(T2)  2500 (ppm) 30.55a 23.99a

(T3) +  1:100(2.99ppm) 17.72ab 13.70bc

(T4) +  1:200(1.49 ppm) 20.78ab 11.72bc

(T5) +  1:100(180 ppm) 17.36ab 10.06bc

(T6) +  1:200(90 ppm) 15.94b 11.07bc

(T7) +  1:100(247 ppm) 17.21ab 10.48bc

(T8) +  1:200(123.5 ppm) 21.19ab 14.61b

C.V.(%) 27.35% 13.12% 

F-test ** ** 

: Duncan’s Multiple Range Test (DMRT)

** 99%
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2.2

( )

( ) 2500 

 (ppm)   43.88 

 1:200

 43.10 

 1:100

 1:100  2.99 

1:200

 2.96 

1:200  20.43 ( )

 2500 (ppm)  19.23 

( )  2500 

(ppm)   12.68 

 1:100  11.35 

( )  2500 (ppm)  

 1150.00 513.89

 1:200

1001.00  426.67 

( )

1:100

 55.28 

1:200 54.04
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1:100  1:100 

1:200

 20.20 

1:100  20.13 

1:100

 14.53 ( )

 2,500 (ppm)  14.33 

( )  2500 

(ppm)   9.67 

1:200  9.40 

1:100

 848.89 

1:100  835.56 

1:100

 414.44 

1:100  407.78 

 2 

( ) ( )

 2500 ppm   30.55 23.99  ppm 

 1: 200 

 21.19  14.61 ppm 

 12.27 9.39 ppm 
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2.2

 3  2 

95% (

)

 2 

( )

 30.55 23.99

 1: 200  21.19  14.61 

(ppm)

1.

2.

3.

4.
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5.

6.

 1 

7.

 50  80 

(30 x 50 )  3 

( )
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2.3
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2.3

  1.   ( )

  2.  

  3.   6 x 13 

4.

5.

  6.  

  7.  

  8.   3 

  9.   PE

  10.   120 200

  11.   0.5 

  12.  (Tag) 

 13.  

14.

( )

Randomized Complete Block Design: RCBD 8 (Treatment)

 3 (Replication)

 1 ( )

 2  4000 (ppm)

 3 +  1:100(106 ppm) 

 4 +  1:200(53 ppm) 

 5 +  1:100(72.9 ppm) 

 6 +  1: 200(36.5 ppm) 

 7 +  1:100(10.6 ppm) 

 8 +  1:200(5.32 ppm) 
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1.  (Substrate Culture) 

 PE 

 0.5 

2.

 1 

 1 

3.  1

2 ( )  1.3

4. 20-25

 1  30 50

5.  (EC) -  (pH) 

 EC 

(3  2.0 

)  EC

 EC -  (pH)  5.5-6.5 

 pH  (HNO3)  pH 

 (NaOH) ( , 2548) 

6.  (Drip Irrigation) 

2  10  1 / /

7.

 7 

8.

 Duncan’s Multiple Range Test (DMRT) 
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1.

    (1) 

(2)

(3)

2.

(1)

(2)

(3)

3.

6.

2550

2551

1.

2.  ( )
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2.3

7

95%

10.39 +  1: 200

+  1: 100 + 1: 100

+  1:200 + 1: 100

 9.72   9.50   9.28   9.28   9.00 8.89

+ 1:100  8.33  (  20) 

 21 

+  1:100 15.66 

+ 1:200 +

 1:200   +

 1:100 +  1:100  15.61   15.28   15.22

14.78   4.72 14.33 +

 1:200  14.11  (  20)

 35 

 32.33 

Control + 1:200 +

1:100 + 1:200 +

1:100 + 1:200  31.78, 31.56, 31.56, 31.33, 

31.22  31.11 + 1:100

 30.44  ( )

 49 

44.33

Control + 1:200 +

1:100 + 1:200 +

1:100 + 1:200 43.90 43.35 43.22 42.50 
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42.43 41.78 + 1:100

40.37  (  20)

7

+  1:100  12.17 

+ 1:100   +

1:200   + 1:200   

+ 1:200   12.10   12.00   11.57   11.56   11.53 

 11.27 +  1:100

 11.22  (  20)

21

23.17

+ 1:200 +

 1:100 +  1:100 +  1:100 

+  1:200 

22.03   21.60   20.70   20.63  20.33 20.23

+  1:200  19.97 (  20) 

 35

+  1:100 46.83

+  1:100   

+ 1:200 +

1:200   + 1:100  46.67   46.57  46.43

46.00   45.87 45.17 +

1:200  42.97  (  20)

49

57.67

+  1:100  +

1:200 +  1:100 + 1:200

+  1:100   57.33   
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56.94   56.50 55.83   55.22 54.67

+  1:200  54.00  (  20)

 20
2.3

( )
 (T)  

7  21  35   49 

T1 ( ) 9.28 ab 14.78 31.78ab 43.90a

T2  4000 (ppm) 10.39a 15.22 32.33a 44.33a

T3 +  1:100(106 ppm) 9.50 ab 14.33 30.44 ab 40.37b

T4 +  1:200(53 ppm) 9.72 ab 15.28 31.11 ab 41.78ab

T5 +  1:100(72.9 ppm) 8.89 ab 15.66 31.56 ab 43.35ab

T6 +  1: 200(36.5 ppm) 8.33b 14.11 31.33b 42.50ab

T7 +  1:100(10.6 ppm) 9.28 ab 14.72 31.22 ab 42.43ab

T8 +  1:200(5.32 ppm) 9.00 15.61 31.56 ab 43.22ab

 C.V.(%) 10.13 5.50 7.16 4.14 

 F-test * ns ** ** 

T1 ( ) 11.57 20.33 ab 46.00 54.67 

T2  4000 (ppm) 11.27 23.17a 46.57 57.67 

T3 +  1:100(106 ppm) 12.17 20.63 ab 46.67 57.33 

T4 +  1:200(53 ppm) 11.53 19.97b 45.87 56.94 

T5 +  1:100(72.9 ppm) 12.10 20.70 ab 46.83 56.50 

T6 +  1: 200(36.5 ppm) 11.57 20.23 ab 42.97 54.00 

T7 +  1:100(10.6 ppm) 11.22 21.60 ab 45.17 55.22 

( )

T8 +  1:200(5.32 ppm) 12.00 22.03 ab 46.43 55.83 

 C.V.(%) 7.38 7.20 6.29 4.79 

 F-test ns * ns ns 

: Duncan’s Multiple Range Test (DMRT)

ns

* 95%

** 99%
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 7

 0.34

+  1:100 

+  1:100 + 1:200

+  1:200 +  1:200

0.33  0.33  0.33   0.32   0.28 0.28

+  1:100  0.26  (  21)

 21

99%

+  1:100  0.76 

+  1:100

+  1:100 +  1:200 +

1:200  0.75   0.72  0.71   0.70 0.70

+  1:200  0.65 

 (  21)

 35

+  1:100

2.12 +  1:200

+  1:100 +  1:200  +

 1:100 + 1:200

 2.07   2.01   1.98   1.94   1.92  1.92 

 1.89  (  21) 

 49

+  1:100

3.37 +  1:100

+  1:200  + 1:200 +

 1:200 +  1:100 

 3.34  3.22  3.17  3.13  2.89  2.71 

 2.70  (  20) 
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 7

0.47

+ 1:200 +

1:200 +  1:100  +  1:200 

+  1:100 +  1:100  

0.43   0.42  0.38  0.35  0.35 0.35

0.32  (  21)

 21

+  1:100 1.06

+ 1:200

+  1:200 +  1:200

+  1:100 +  1:100          

1.02   1.02  1.02  1.00  0.99 0.94

0.89  (  21) 

 35

2.17

+  1:100  +

1:100 +  1:100  +  1:200

+ 1:200 + 1:200

2.13  2.07  2.03  2.02  1.98 1.97

1.93  (  21) 

49

95%

+  1:100 2.99

+  1:100  + 1:200

+  1:200 +  1:100  

+  1:200 2.96   2.95  2.77  2.66 2.64

2.58

 (  21)
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 21
2.3

: Duncan’s Multiple Range Test (DMRT)

ns

* 95%

** 99%

( )
 (T)  

7  21  35   49 

T1 ( ) 0.33 0.75a 1.92 2.70b

T2  4000 (ppm) 0.34 0.76a 1.89 2.89ab

T3 +  1:100(106 ppm) 0.33 0.73ab 1.94 2.71b

T4 +  1:200(53 ppm) 0.28 0.70ab 2.07 3.13ab

T5 +  1:100(72.9 ppm) 0.26 0.71ab 2.12 3.37a

T6 +  1: 200(36.5 ppm) 0.28 0.65ab 1.98 3.22ab

T7 +  1:100(10.6 ppm) 0.33 0.76a 2.01 3.34a

T8 +  1:200(5.32 ppm) 0.32 0.70b 1.92 3.18ab

 C.V.(%) 15.17 3.99 7.71 7.07 

 F-test ns ** ns ** 

T1 ( ) 0.35 0.89 1.93 2.58ab

T2  4000 (ppm) 0.32 1.00 2.17 2.99a

T3 +  1:100(106 ppm) 0.38 0.94 2.13 2.66ab

T4 +  1:200(53 ppm) 0.47 1.02 2.02 2.64ab

T5 +  1:100(72.9 ppm) 0.35 0.99 2.07 2.96a

T6 +  1: 200(36.5 ppm) 0.42 1.02 1.97 2.77ab

T7 +  1:100(10.6 ppm) 0.35 1.06 2.03 2.99a

(

)

T8 +  1:200(5.32 ppm) 0.43 1.02 1.98 2.95a

 C.V.(%) 27.06 10.71 7.49 5.34 

 F-test ns ns ns * 
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 7

+  1:100

 5.00 + 1:200

+  1:100 +  1:200

 4.89   4.89   4.78 4.78

+  1:200 +  1:100

 4.67  (  22)

 21

 10.00 

+  1:100 +

1:100 +  1:200 + 1:200

+  1:100  9.89   9.78   9.67   9.67       

9.56  9.56 +  1:200    

 9.33  (  22) 

 35

 12.00 

+ 1:200 +

1:100 +  1:100 +  1:100 

+  1:200    11.89  11.56  11.56  11.55            

11.33  10.78 +  1:200

 10.13  (  22) 

 49

 20.00 

+  1:200 +  1:100 

+ 1:200 +

 1:100 +  1:100  19.00   

18.89   18.67   18.67   18.44  18.00 

+  1:200  17.78  (  22)
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 7 

+ 1:200  5.33 

+  1:100 

+  1:200 +  1:100

+  1:200   5.00  5.00   4.67   4.67   4.67

4.67 +  1:100

 4.33  (  22)

21

+  1:100  

 9.33 + 1:200

+  1:100 +  1:200

+  1:100  9.10   8.90   8.80   8.70 

 8.67 +  1:200  

 8.43  (  22) 

35

 12.44

+  1:100 + 1:200

+  1:100  +  1:200          

+  1:200 +  1:100     

 12.22   12.22  12.21  12.00  11.90 11.78

 11.33  (  22)

    49 

+  1:100  14.53 

+  1:100

+ 1:200 +  1:200

+  1:100 +  1:200 

 14.33   14.23   14.23   14.10   13.90  13.87

 13.70 (  22)



174

 22
2.3

( )(T)

7  21  35   49 

    

T1 ( ) 4.78 9.89 11.89 18.67 

T2  4000 (ppm) 5.00 10.00 12.00 20.00 

T3 +  1:100(106 ppm) 5.00 9.56 11.33 18.00 

T4 +  1:200(53 ppm) 4.78 9.67 10.13 19.00 

T5 +  1:100(72.9 ppm) 4.67 9.67 11.55 18.44 

T6 +  1: 200(36.5 ppm) 4.67 9.33 10.78 17.78 

T7 +  1:100(10.6 ppm) 4.89 9.78 11.56 18.89 

T8 +  1:200(5.32 ppm) 4.89 9.56 11.56 18.67 

C.V.(%) 7.3612 4.0878 11.7419 5.76 

F-test ns ns ns ns 

( )

    

T1 ( ) 4.67 8.70 11.33 13.70 

T2  4000 (ppm) 5.00 9.33 12.44 14.33 

T3 +  1:100(106 ppm) 4.33 9.33 11.78 14.23 

T4 +  1:200(53 ppm) 4.67 8.80 11.90 14.10 

T5 +  1:100(72.9 ppm) 4.67 8.90 12.22 14.53 

T6 +  1: 200(36.5 ppm) 4.67 8.67 12.00 13.87 

T7 +  1:100(10.6 ppm) 5.00 8.43 12.21 13.90 

T8 +  1:200(5.32 ppm) 5.33 9.10 12.22 14.23 

 C.V.(%) 13.57 2.48 7.23 3.07 

 F-test ns ns ns ns 

: Duncan’s Multiple Range Test (DMRT)

ns
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 56 

 13.32

+  1:200 +  1:100

+  1:100  +

 1:200 + 1:200  11.63

10.90   9.70  9.43   8.80  8.25 

+  1:100  7.30  (  23)

 56 

 10.43 

+  1:100   

+ 1:200 +  1:100   +

 1:100 +  1:200   10.31

10.08   9.72   9.57   9.01 8.94

+  1:200 8.31  (  23)

 56 

+  1:100

 982.22 +  1:100 

+  1:100 +

 1:200  + 1:200

 977.78  968.89  952.22  891.11  871.11 870.00

+  1:200

 753.33  (  23 ) 

 56 

+  1:100

  442.22 +
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 1:100 +  1:100

+  1:200  +

1:200  410.00   367.78   363.33   355.56   333.33

322.22 +  1:200

 303.33  (  23)

 56 

+  1:100

 820.00 

+  1:100  + 1:200   

+  1:100 +  1:200

+  1:200  717.78   703.33   686.67   674.44   

664.44 657.78

 628.89  (  23) 

 56 

+  1:100

 436.11

+  1:100 +

1:200 +  1:100 +

1:200  397.22  384.45   377.22   372.78   361.11  352.78 

+  1:200  

 340.56  (  23)
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 23  56 

2.3

 (T)  

T1 ( ) 9.43 ab 871.11 367.78 

T2  4000 (ppm) 13.32a 968.89 355.56 

T3 +  1:100(106 ppm) 7.30b 952.22 363.33 

T4 +  1:200(53 ppm) 11.63 ab 753.33 303.33 

T5 +  1:100(72.9 ppm) 10.90 ab 982.22 410.00 

T6 +  1: 200(36.5 ppm) 8.80b 891.11 333.33 

T7 +  1:100(10.6 ppm) 9.70 ab 977.78 442.22 

T8 +  1:200(5.32 ppm) 8.25b 870.00 322.22 

 C.V.(%) 23.21 16.45 25.85 

 F-test * ns ns 

T1 ( ) 10.08 628.89b 384.45ab

T2  4000 (ppm) 10.43 717.78ab 397.22 ab

T3 +  1:100(106 ppm) 9.57 674.44b 377.22 ab

T4 +  1:200(53 ppm) 8.31 664.44b 352.78 ab

T5 +  1:100(72.9 ppm) 10.31 820.00a 436.11ab

T6 +  1: 200(36.5 ppm) 8.94 657.78b 340.56b

T7 +  1:100(10.6 ppm) 9.01 703.33ab 361.11 ab

( )

T8 +  1:200(5.32 ppm) 9.72 686.67ab 372.78 ab

 C.V.(%) 16.54 10.23 11.81 

 F-test ns ** ** 

: Duncan’s Multiple Range Test (DMRT)

ns

* 95%

** 99%
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(
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T1
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 59  56 

( ) 2.3

99%

0.54

+ 1:200 +  1:200

+  1:100  +  1:200  +

 1:100 +  1:100

0.49   0.48   0.48   0.47   0.46 0.42

0.32  (  24) 

99%

0.21 +

 1:100 +  1:200 +

 1:100 +  1:200 +
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1:200 +  1:100

  0.19  0.19    0.19   0.18   0.18  0.16 

0.15  (  24) 

 24  56 

2.3

( )
(T)

T1 ( ) 0.32c 0.15b

T2  4,000 (ppm) 0.54a 0.21a

T3 +  1:100(106 ppm) 0.42b 0.19ab

T4 +  1:200(53 ppm) 0.48ab 0.19ab

T5 +  1:100(72.9 ppm) 0.46 ab 0.19ab

T6 +  1: 200(36.5 ppm) 0.47 ab 0.18ab

T7 +  1:100(10.6 ppm) 0.48 ab 0.16ab

T8 +  1:200(5.32 ppm) 0.49 ab 0.18ab

 C.V.(%) 10.90% 10.05 

 F-test ** ** 

: Duncan’s Multiple Range Test (DMRT)

** 99%
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2.3

( )

 2 

 ( )

 49 

 20 +

 1:100  18.89 

+  1:100 

 982.22 +

 1:100  977.78 +

 1:100  442.22 

 ( )  49 

 57.67 

+

1:100  3.34 

+  1:100  14.53 

+  1:100  820.00  436.11 

 717.78  397.22 

 2 

 ( )

 0.54 0.21 +

 1:200 +  1:100  0.49

 0.19 
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 49 
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( )

 56 

 (2549)  (2544) 

 56 

( ) 99%  

0.54  0.21 
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 1 

 20, 40, 60, 80  100 

 (%) 

20% 40% 60% 80% 100% 

 0.57 0.97 1.33 1.84 2.07 
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 2 

 20, 40, 60, 80  100 

 (%) 
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 0.07 0.26 0.51 0.71 1.16 
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 3  1, 3, 5, 7, 9, 11 

13

 (%) 

1  3  5  7  9  11  13 

 1.80 2.63 2.96 3.85 3.65 2.97 3.44 

 200 2.66 2.82 3.45 3.67 2.75 3.27 

   1.92 2.50 2.86 3.70 3.60 2.75 3.06 

  1.92 2.67 3.57 3.70 3.76 3.10 3.49 

 1.66 2.62 3.18 3.41 3.98 2.86 3.57 
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 4  1, 3, 5, 7, 9, 11 

13

 (%) 

1  3  5  7  9  11  13 

 1.25 2.00 2.49 3.00 3.10 2.32 2.80 

 1.35 2.00 1.97 2.82 3.11 2.28 2.96 

   1.26 2.05 2.09 2.82 2.84 1.92 2.45 
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 5 . . 2549 

 ( )

 ( c)  ( c)  ( c)  ( c)  ( c)  ( c)

1 30.00 13.50 22.00 14.50 - -

2 29.50 13.70 22.00 14.00 - -

3 29.70 14.00 22.00 13.50 - -

4 29.60 13.30 22.00 14.00 - -

5 30.60 12.80 21.50 14.00 - -

6 30.10 12.50 22.00 15.00 - -

7 30.60 16.30 21.00 16.00 - -

8 30.20 17.20 21.50 16.50 - -

9 30.10 18.50 21.50 14.50 - -

10 29.10 15.50 22.00 15.00 - -

11 29.40 15.00 22.00 15.00 - -

12 30.50 14.50 21.50 15.50 - -

13 30.60 14.30 21.00 15.00 - -

14 30.50 12.70 21.50 15.50 - -

15 29.90 11.90 19.00 14.00 - -

16 28.90 11.60 21.50 14.50 - -

17 29.30 11.00 22.50 14.50 - -

18 30.40 12.30 22.50 15.00 - -

19 29.60 12.50 21.00 15.50 - -

20 31.00 12.40 24.00 15.50 - -

21 31.40 12.50 21.50 15.00 - -

22 30.60 11.90 21.50 16.00 - -

23 30.60 13.30 26.00 16.50 - -

24 30.20 17.50 22.00 16.50 - -

25 29.50 18.50 24.00 15.00 - -

26 29.20 17.30 21.50 14.50 - -

27 28.60 15.30 21.00 14.00 - -

28 30.20 13.90 21.00 14.50 - -

29 29.90 13.90 21.50 15.00 - -

30 31.30 13.90 23.50 15.50 - -

31 31.40 14.10 21.50 16.00 - -

 30.10 14.20 21.90 15.00 - - 
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 6 . . 2549 

 ( )

 ( c)  ( c)  ( c)  ( c)  ( c)  ( c)

1 32.40 15.00 25.50 17.50 - - 

2 32.60 15.40 20.50 17.00 - - 

3 33.10 14.40 26.00 17.50 - - 

4 32.00 16.10 26.50 18.00 - - 

5 32.00 17.60 26.50 16.00 - - 

6 30.40 17.40 21.50 15.50 - - 

7 30.00 16.00 23.00 15.00 - - 

8 30.10 15.40 23.50 15.50 - - 

9 30.60 16.50 21.00 16.00 - - 

10 29.90 16.00 22.00 16.00 - - 

11 31.70 16.50 21.50 16.00 - - 

12 31.70 17.00 24.00 15.50 - - 

13 30.60 15.90 25.50 16.00 - - 

14 32.00 15.50 20.50 16.50 - - 

15 32.40 14.40 22.00 17.00 - - 

16 32.90 13.70 20.50 17.00 - - 

17 34.00 12.90 28.50 19.50 - - 

18 34.30 16.30 28.50 18.00 - - 

19 34.60 15.40 28.50 18.00 - - 

20 34.40 16.60 20.50 18.50 - - 

21 34.00 16.90 21.00 18.50 - - 

22 34.30 16.30 21.50 19.50 - - 

23 33.90 20.10 21.00 19.50 - - 

24 35.10 21.20 23.00 20.50 - - 

25 34.40 18.40 22.00 20.00 - - 

26 34.60 15.60 22.00 20.00 - - 

27 34.50 15.70 22.00 19.50 - - 

28 34.40 16.30 29.50 20.00 - - 

 32.70 16.30 23.50 17.60 - - 
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 7 . . 2549 

 ( )

 ( c)  ( c)  ( c)  ( c)  ( c)  ( c)

1 35.00 17.50 21.00 19.50 - -

2 33.50 19.40 21.50 18.50 - -

3 33.50 19.70 24.00 19.00 - -

4 34.60 18.50 23.00 18.50 - -

5 34.50 17.60 22.50 20.50 - -

6 35.80 18.60 23.00 21.00 - -

7 36.30 18.50 23.00 21.50 22.00 17.00

8 37.00 18.60 22.50 21.50 23.50 18.00

9 36.90 18.50 26.50 22.00 24.00 19.00

10 37.50 18.50 24.50 22.50 23.50 18.50

11 36.50 17.90 23.50 22.00 24.00 19.00

12 37.60 17.70 25.00 23.00 25.50 18.50

13 38.00 18.00 22.50 21.00 25.50 19.50

14 36.30 19.10 21.50 19.00 25.00 19.00

15 35.50 21.00 25.50 19.50 23.50 19.00

16 36.50 19.50 23.50 22.00 24.00 19.00

17 37.00 17.00 24.50 22.00 24.00 18.00

18 37.30 17.90 23.50 21.50 26.50 18.50

19 34.90 17.90 31.00 22.50 25.50 20.50

20 36.90 19.00 25.50 21.00 24.00 19.50

21 37.20 19.90 24.00 21.00 23.50 19.50

22 37.50 18.10 25.50 20.50 24.50 19.50

23 36.00 16.50 24.00 20.50 23.50 18.50

24 35.40 16.90 24.00 21.50 25.00 18.50

25 37.80 17.00 24.50 21.50 24.00 19.50

26 38.20 16.80 25.00 22.50 24.50 18.50

27 39.00 18.10 24.50 21.50 26.00 18.00

28 38.00 18.90 24.50 22.00 25.00 19.00

29 36.70 21.00 21.00 17.50 25.00 19.00

30 28.70 21.40 21.00 15.50 25.00 19.00

31 28.70 19.90 22.00 16.50 24.50 19.50

 35.90 18.50 23.70 20.50 23.50 22.50 
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 ( )

 ( c)  ( c)  ( c)  ( c)  ( c)  ( c)

1 32.90 19.10 25.50 19.50 26.00 19.00

2 35.80 18.50 23.00 20.50 25.00 19.00

3 36.50 19.50 23.50 20.50 25.50 19.00

4 36.50 20.60 23.50 21.00 25.00 20.00

5 37.50 19.80 25.00 22.50 25.00 20.00

6 38.50 19.00 25.00 24.50 25.50 19.50

7 38.80 20.30 25.00 24.00 27.00 20.00

8 36.40 21.70 25.00 24.50 27.00 20.00

9 36.40 20.30 26.00 22.50 26.50 21.00

10 37.40 20.60 25.00 23.50 26.50 21.00

11 38.90 20.70 25.50 23.00 26.50 21.00

12 38.70 21.80 29.00 24.50 26.00 20.00

13 39.00 23.00 - - 27.00 20.50

14 39.00 22.50 - - 26.50 19.50

15 37.20 23.00 - - 27.00 19.50

16 32.70 21.00 21.00 17.50 27.50 20.50

17 33.30 20.40 23.00 19.00 26.50 19.00

18 34.00 21.90 26.00 20.00 26.50 19.50

19 34.00 22.30 21.00 17.00 25.50 20.50

20 33.50 20.70 23.50 20.50 26.00 20.50

21 35.30 22.50 25.00 22.00 26.50 20.50

22 34.00 22.00 29.00 21.00 26.50 20.50

23 36.80 21.50 26.00 22.00 25.00 21.00

24 36.70 22.00 23.00 21.00 25.50 20.00

25 35.50 23.00 22.50 19.50 25.50 20.50

26 33.50 22.20 23.00 20.00 26.50 21.00

27 31.80 22.70 22.00 19.00 26.00 21.50

28 32.10 22.10 27.00 21.00 18.50 14.50

29 28.00 20.90 23.00 18.00 15.00 10.00

30 32.90 20.40 22.00 20.00 16.00 10.00

 35.50 21.20 24.30 21.00 25.17 17.32 



201

 9 . . 2549 

 ( )

 ( c)  ( c)  ( c)  ( c)  ( c)  ( c)

1 33.40 20.80 26.50 21.00 18.00 12.00

2 33.60 21.50 25.50 21.50 24.00 18.00

3 35.60 22.00 26.00 21.50 22.00 20.00

4 35.70 22.40 26.00 22.00 25.00 20.00

5 36.20 22.70 24.50 22.50 25.00 20.50

6 36.00 22.70 27.00 22.50 24.50 20.50

7 35.90 23.30 29.50 19.50 24.50 20.50

8 35.00 22.00 24.00 20.50 25.00 20.50

9 34.70 22.00 26.00 20.00 25.50 21.00

10 35.80 22.00 21.00 20.50 25.50 21.00

11 34.20 23.40 26.50 20.00 23.00 21.00

12 34.80 22.50 26.00 21.00 21.00 18.50

13 36.00 22.50 24.50 21.00 18.00 16.00

14 32.00 21.00 25.50 15.50 13.50 12.00

15 23.70 19.00 18.00 14.50 13.50 11.50

16 23.60 18.50 18.50 15.00 15.00 13.50

17 26.00 20.00 20.50 17.50 15.00 11.50

18 24.60 21.50 19.50 18.00 16.50 12.50

19 30.60 21.40 23.00 17.00 17.50 15.50

20 29.60 20.10 24.00 18.50 20.00 18.00

21 28.80 22.30 21.50 18.50 17.50 16.00

22 29.60 21.90 23.50 19.50 17.50 15.50

23 32.50 23.00 22.00 19.50 18.00 15.50

24 29.00 22.20 24.50 19.50 17.50 15.00

25 31.50 22.50 25.50 19.50 19.50 14.00

26 34.00 22.80 25.00 21.00 28.00 22.50

27 35.20 23.50 24.50 20.50 27.00 23.50

28 34.10 22.60 22.50 20.00 27.00 23.50

29 33.70 24.10 28.00 21.50 - -

30 30.70 23.50 22.50 19.50 - -

31 31.40 23.10 23.50 20.50 - -

 32.20 22.00 24.00 19.60 20.86 17.48 
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 (%) 

 17.47 

 17.80 

 17.76 

 17.63 

 17.53 

 : 

 11

 (%) 

 0.00 

 0.14 

 ( ) 0.04 

 ( ) 0.19 

 : 

 12

 ( )  2 

EC

(mS/cm)

pH N  

(%)

P

(ppm)

K

(ppm)

Ca

(%)

Mg

(ppm)

Zn

(ppm)

Mn

(ppm)

Fe

(ppm)

9.38 6.03 0.042 157 460 5.33 16 17.1 41 87 

 : 
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 11  1 2.1

 12  2 2.1

 13  3 2.1

 14  4 2.1

T1 T1

T2T2

T3T3

T4T4
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 15  5 2.1

 16  6 2.1

 17  7 2.1

T5T5

T6T6

T7T7
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208

 13 

 100%

(ppm)

6 9 12

190.50 299.42 213.83

0 148 0

900 24,700 1,300

 14 

9

(ppm)

+  37.65 

+  0 

+  11,100 

 15 

20%, 40%, 60%, 80% 100%  9 

(ppm)

20% 40% 60% 80% 100%

 + 39.08 76.07 177.07 138.65 299.42

 + 61 95 137 216 231

 + 5,900 7,800 8,800 18,000 24,700
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 16 

 20%, 40%, 60%, 80%  100%  9 

(ppm)

20% 40% 60% 80% 100%

 + 105.94 10.06 77.49 9.91 9.63

 + 0 0 0 0 0

 + 18,000 1,900 13,700 8,300 3,800

 17 

 20%, 40%, 60%, 80%  100%  9 

(ppm)

20% 40% 60% 80% 100%

 + 44.76 33.39 36.23 43.34 64.68

 + 0 0 0 0 0

+ 2,000 1,700 4,300 5,000 16,000

 18 

 9 

(ppm)

37.65 0 11,100

 100% 299.42 148 24,700

 20% 105.94 0 18,000

 100% 64.68 0 16,000
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213
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( )
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216

 19 

 (ppm) 

 + (100%) 368 

 + (100%) 160 

 + (100%) 440 

   

 20 

20%, 40%, 60%, 80%  100%

(ppm)

20% 40% 60% 80% 100%

 + 848 728 920 1,064 808

 + 264 312 424 488 368

 + 320 376 408 400 464

 21 

 20%, 40%, 60%, 80%  100%

 (ppm)

20% 40% 60% 80% 100%

 + 2,608 4,144 5,536 6,848 5,192

 + 2,224 4,016 5,336 7,296 6,264

 + 2,240 4,504 6,432 10,640 8,368
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 22 

 20%, 40%, 60%, 80%  100% 

(ppm)

20% 40% 60% 80% 100%

 + 392 424 488 864 496

 + 296 312 352 264 320

 + 232 320 288 320 472

 23

 4 

 9 

(ppm)

 +  (100%) 160 

 + (80%) 864 

 + (80%) 1,064 

 + (80%) 10,640 

 + (80%) 7,296 * 

*
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 3 

 31  3 



221

 32

 33 ( )

 34



222

 35



223

: 3070-3599

:

: .

 1  2548   30  2550 

(1)

 2549 

(2)

 2550 

(3) (4)=(2)+(3) (5)=(1)-(4)

1.  267,640.00 115,000.00 152,640.00 267,640.00 0.00 

2.  0.00 0.00 0.00 0.00 0.00 

3.  316,860.00 172,000.00 144,860.00 316,860.00 0.00 

4.  12,500.00 6,500.00 6,000.00 12,500.00 0.00 

5. 80,000.00 45,000.00 35,000.00 80,000.00 0.00 

6.  0.00 0.00 0.00 0.00 0.00 

 677,000.00 338,500 338,500 677,000.00 0.00 

           ................................................. .........../............./............

               (  .    )
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