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Abstract

A two row fertilizer applicatorr and weeder powered by 5 hp engine was developed for
field crop, consisting of a 2- moldboard weeder and screw conveying fertilizer unit. The row
spacing of the moldboard weeder could be adjusted between 50-70 cm. The working width of
the weeder was 25-30 cm. The fertilizer applicator consisted of 2 -hopper, 7 kg capacity each.
Screw type used for delivering granular fertilizer was 3 cm diameter and 17 cm length with
standard pitch. The screw maximum speed was 35 1pm, from both side to central part and
released in the hole. Fertilizer rate could be adjusted up to 50 kg/rai. An agitafor was installed
over the outlet to prevent clogging. d

In laboratory test, for the screw type, when screw revolution increased, fertilizer rate
also increased with statistically significant at 1% level. The f)hysical properties of the fertilizer
was not changed. For farmer's fertilizer applicator (drum type), increasing of drum revolution had
not significant effect on fertilizer rate. The drum unit could broke granular fertilizer into dust. At
difference value of bulk density and coefficient of friction of fertilizer could be caused different
fertilizer rate with significant at 1% level.

In field test, the working width of the weeder was about 27-31 cm. and working depth
was about 8-11 cm. The test\was compared between the performances of i-row fertilizer
applicator (screw type) and weeder and the farmer's fertilizer applicator (drun} type) and weeder
at 1 /s forward speed. The fertilizer rate was statistically signiﬁcant efft;ct at 5% level.
Turning at head land was very heavey and clogging of fertilizer occured at the dilivery hole. For
serew type, rate of fertilizer applicator was uniformed at both full and one fifth level and

clogging and broken of fertilizer in the diliverly part were not found.
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ANALYSIS OF VARIANCE
SPLIT-SPLIT PLOT DESIGN
REPLICATION (R) =3
MAINPLOT FACTOR : METERING TYPE (M) =2
M1 = DRUM TYPE
M2 = SCREW TYPE
SUBPLOT FACTOR : RPM (S) =3
S1=30RPM
$2 =40 RPM
S3 =50 RPM _
SUBSUBPLOT FACTOR : LEVEL (L) =2
L1 =HALF HOPPER
12 =FULL HOPPER

Fertilizer in 3 min (gram)

REP1 REP2 REP3
M1 S1 L1 31220 319.46 310.38
L2 303.20 306.25 303.17

S2 L1 415.46 42152 430.62

L2 358.64 369.40 366.74

S3 L1 559.44 551.23 580.78

L2 24735 303.15 350.19

M1 S1 L1 2496.55 2518.93 2432.52
L2 2526.49 2532.89 2610.96

) L1 2938.45 2879.07 1985.64

L2 311244 3089.95 3033.37

S3 L1 3659.06 3497.07 3022.72

L2 3457.07 3457.09 3626.51

REP TOTALS 20386.35 20246.01 19053.64
REP MEANS : | 1698.86 1687.17 ~ 1587.80
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ANALYSIS OF VARIANCE FOR fertilizer per 3 min

SV DF SS MS F
REP (R) 2 89377 44688 -
METERING TYPE (M) 1 58950558 58950558 -
ERROR (a) 2 125036 62518
RPM (S) 2 1704612 852306 38.94 **
MxS 2 1043339 521670 T 23.83 %
ERROR (b) 8 175121 21890
LEVEL (L) 1 29116 29116 l <1
MxL 1 251623 251623 6.93 *
SxL, 2 121580 60790 1.67 ns
MxSxL 2 79133 39567 1.09 ns
ERROR (c) 12 435957 36330
TOTAL 35 63005452

cv (b) =8.9%; cv (¢) =11.5%
** = gionificant at 1% level ; * = significant at 5% level

ns = not significant ; - = insufficient error df
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MxSxL TABLE OF MEANS FOR Fertilizer in 3 min (gram)
(AVE. OVER 3 REPS)

LEVEL (L)
RPM (S) HALFHOPP FULLHOPP  S-MEAN DIFF

M = DRUM TYPE | "
30 RPM 314.01 a 304.21 a 309.11 9.81 ns
40 RPM 422,53 a 364.94 39374  57.59ns
50 RPM 563.82 2 300.23 2 43202 263.59ms

M = SCREW TYPE
30 RPM 2482670 2556.78 ¢ 2519.72 -74.11 ns
40 RPM 260105 b 3078.59 b 2839.82 -477.53 **
50 RPM 3392.95 2 3513.56 2 3453.25 -120.61 ns
L - MEAN 1629.51 1686.38 1657.94 -56.87

** = significant at 1% level, ns = not significant

In a column under each M, means followed by acommon letter are not significantly different at

the 5% level by DMRT. - —
Comparison S.ED LSD (5%) LSD (1%)
2-L means at each M*S 155.63 339.10 475.32

2-S means at each M*L 13931 310.20 441.21
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MxL TABLE OF MEANS FOR Fertilizer in 3 min (gram)
(AVE. OVER 3 S AND 3 REPS)

METERING TYPE (M)
LEVEL(L) ~ DRUMTYPE SCREWTYPE  L-MEAN DIFF
HALF HOPPER 433.45 2825.56 1629.51 2392.10
FULL HOPPER _ 323.13 3049.64 168638  -2726.52
M-MEAN 378.29 2937.60 1657.94 2559.31
DIFF 11033 ns -224.08 5688

* = gignificant at 5% level, ns = not significant
Comparison S.E.D LSD (5%) LSD (1%)
2-L means at each 89.85 195.78 274.42

- = d
M19141N 4.5 HaN1TAUATIEH

MxS TABLE OF MEANS FOR Fertilizer in 3 min (gram)
(AVE. OVER 2 L AND 3 REPS)

METERING TYPE (M)
RPM (8S) DRUMTYPE SCREW TYPE L-MEAN DIFF
30 RPM 309.11 a 2519.72 ¢ 1414.42 -2210.61
40 RPM _ 393.74 a 2839.82b 1616.78 -2446.08
50 RPM 432.02 a 3453.25a 1942.64 -3021.23
M-MEAN 378.29 2937.60 1657.94 -2559.31

DIFF

Ina colﬁmn, means followed by a common letter are not significantly different at the 5% level by
DMRT.

Comparison S.ED LSD (5%) LSD (1%)

2-S means at each M 85.42 196.99 286.56
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ANALYSIS OF VARIANCE
SPLIT-SPLIT PLOT DESIGN
REPLICATION (R)=3
MAINPLOT FACTOR : TWO ROWS (T) =2
T1=HOPPER A
T2 =HOPPER B
SUBPLOT FACTOR : RPM (S) =3
S1=30RPM
S2 =40 RPM
S3 =50 RPM
SUBSUBPLOT FACTOR : LEVEL (L) =2
L1 = HALF HOPPER
12 =FULL HOPPER

Fertilizer in 3 min (gram)

REPI REP2 REP3

M1 S1 L1 312.20 319.46 310.38

L2 303.20 306.25 303.17

S2 L1 415.46 421.52 430.62

L2 358.64 369.40 366.74

S3 L1 559.44 551.23 580.78

L2 247.35 303.15 350.19

M1 S1 L1 433.40 425.35 434.44

L2 423.20 423.22 43423

S2 L1 561.60 584.45 569.79

L2 557.21 554.75 542.70

S3 L1 736.58 744.30 695.44

L2 646.27 679.35 663.06

REP TOTALS 5554.55 5682.43 5681.54
REP MEANS 462.88 473.54

| 473.46
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ANALYSIS OF VARIANCE FOR fertilizer per 3 min

DF SS MS F
REP (R) 2 902.2374 451.1187 -
TWO ROWS (T) 1 302529.3340  302529.3340 -
ERROR (a) 2 1326.8474 663.4237
RPM (S) 2 227029.9995 113514.9997 278.20%*
TxS 2 31421.8648 15710.9324 38.50%*
ERROR (b) 8 3264.2295 408.0287 ‘
LEVEL (L) 1 43706.0836 43706.0836 177.75%*
TxL 1 14869.3636 14869.3636 60.47%*
SxL 2 40775.8499 20387.9294 82.92%*
TxSxL 2 16505.8163 8252.9081 33.56%*
ERROR (c) 12 2950.6198 245.8850
TOTAL 35 685282.2458

cv (b) =4.3%; cv(c)=3.3%

** = significant at 1% level ; * = significant at 5% level

ns = not significant ; -

insufficient error df
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TxSxL TABLE OF MEANS FOR Fertilizer in 3 min (gram)
(AVE. OVER 3 REPS)

LEVEL (L)
RPM (S) HALF HOPP  FULL HOPP S-MEAN DIFF

T =HOPPER A
30 RPM 314.013 ¢ 304.207b 309.110 9.807 ns
40 RPM 422.533 b 364.927 a 393.730 © 57.607**
50 RPM 563.817 a 300.230 b 432.023 - 263.587**

T=HOPPER B
30 RPM 431.063 ¢ 426.883 ¢ 428.973 4.180 ns
40 RPM 571.947b 551.553 b 561.750 20.393 ns
50 RPM 725440 a 622.893 4 694.167 62.547**
L - MEAN 504.802 435.116 469.959 69.686

** = significant at 1% level, ns = not significant

In a column under each T, means followed by acommon letter are not significantly different at the

5% level by DMRT.
Comparison S.E.D LSD (5%) LSD (1%)
2-L means at each T*S 12.803 27.897 39.104

2-S means at each T*L 14.764 33.340 47.860
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REPLICATION (R )=3

S1=30RPM
S2 =40 RPM
S3 =50 RPM

L1 =HALF HOPPER
L2 = FULL HOPPER

F1=15-15-15
F2=16-16-16

-68-

SPLIT-SPLIT PLOT DESIGN

MAINPLOT FACTOR : RPM (S) =3

SUBPLOT FACTOR : LEVEL (L) =2

SUBSUBPLOT FACTOR : FERTILIZER (F) =2

Fertilizer in 3 min (gram)

ANALYSIS OF VARIANCE

REP1 REP2 REP3
S1 L1 F1 2496.55 2518.93 2432.52
F2 1883.78 1831.46 1768.88
L2 Fl 2526.49 2532.89 2601.96 '.
F2 1709.04 1759.95 1791.22
S2 L1 Fl 2938.45 2879.07 1985.64
F2 2283.34 2178.31 2198.48
L2 F1 3112.44 3089.55 3033.37
F2 2118.99 2262.08 2301.93
S3 L1 Fl 3659.06 3497.07 3022.72
F2 2103.06 1603.09 1917.67
L2 F1 3454.07 3457.09 3626.51
F2 2145.50 215398 2153.65
REP TOTALS 30433.77 29763.47 28816.55
REP MEANS 2536.15 2480.29 2401.38
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ANALYSIS OF VARIANCE FOR fertilizer per 3 min

Sv DF SS MS F
REP (R) 2 110037.78 55018.89 -
RPM (S) 2 2061116.78 1030558.39 -
ERROR (a) 4 101161.45 25290.36
LEVEL (L) 1 190332.97 190332.97 3.60 ns
SxL 2 100798.24 50399.12 <1
ERROR (B) 6 317554.09 52925.68
FERTILIZER (F) 1 7766412.16 7766412.16 205.95 **
SxF 2 1209812.20 604906.10 16.04 **
LxF 1 54218.35 54218.35 1.44 ns
SxLxF 2 144068.31 72034.15 1.91 ns
ERROR (c) 12 452526.77 37710.56
TOTAL 35 12508039.09
cv (b) =9.3%; cv (c) = 7.9%
** = significant at 1% level ; ns = not significant ; - = insufficient error df
ﬂ]‘i]\‘l‘ﬁ 2.3 Nnmﬁm‘swﬁ

SxF TABLE OF MEANS FOR fertilizer per 3 min (gram)
(AVE. OVER 2 L AND 3 REPS)
FERTILIZER (F)
RPM (S) 15-15-15 16-16-16 S-MEAN DIFF

30 RPM 2518.22 1790.72 2154.47 272.50**
40 RPM 2839.75 2223.86 2531.80 615.90**
50 RPM 3453.25 2009.83 2731.54 1443.43%*
f- MEAN 2937.08 2008.13 2472.61 928.95
** = significant at 1% level
Comparison SED LSD (5%) LSD (1%)
2-F means at each S 112.12 244.29 342.43
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DESIGN : COMPLETELY RANDOMIZED DESIGN
ANALYSIS OF VARIANCE FOR Fertilizer per 3 min (180 m.) (gram)

SV DF SS MS F
TREATMENT 3 697318.500624996  232439.500208332 12.4 **
HOPPER LEVEL (H) 1 75603.100008329 75603.100008329 4.05 ns

METERING TYPE (T) 1 433226.600408330  433226.600408330 23.25 **

HxT 1 188488.800208337 188488.800208337  10.11*
ERROR 8 149092.954000001 18636.619250000

TOTAL 11 846411.454624997

cv=19.0%

** = significant at 1% level ; * = significant at 5% level

ns = not significant

HxT TABLE OF MEANS FOR Fertilizer per 3 min (180 m.) (gram)
(AVE. OVER 3 REPS)

HOPPER LEVEL (H)

METERING TY (T) LEFT HOPP  RIGHT HOPP T-MEAN DIFF
ROLLER TYPE 325.15 734.56 529.86 -409.41 **
SCREW TYPE 955.82 863.91 909.87 91.91 ns
H - MEAN 640.49 799.24 719.86
DIFF | -630.67 ** -129.35 ns -380.01

** = significant at 1% level, ns = not significant
Comparison , S.ED LSD (5%) LSD (1%)
2-H*T means 111.46 257.04 373.93
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ANALYSIS OF VARIANCE

- COMPLETELY RANDOMIZED DESIGN

REPLICATION (R)=3

TREATMENT : 2X2

HOPPER SIDE (H) =2
H1 =LEFT

H2 =RIGHT

HOPPER LEVEL (L) =2

L1 =FULL
L2 =HALF
HOPPER SIDE (g/min)
REP1 REP2 REP3

H1 L1 440.78 364.10 410.48
L2 386.83 223.00 134.78
H2 L1 871.16 944.48 685.49
L2 908.00 641.00 346.15
REP TOTALS 2606.77 2172.58 1576.90
REP MEANS 651.69 543.14 394.22
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ANALYSIS OF VARIANCE FOR HOPPER SIDE

SV DF SS MS F

TREATMENT 3 592770.0885 197590.0295 6.89%

HOPPER SIDE (H) 1 494633.8680  494633.8680 17.26%*

HOPPER LEVEL (L) 1 96612.2911 96612.2911 3.37ns

HxL 1 1523.9294 1523.9294 <1
ERROR 8 229309.0643 28663.6330
TOTAL 11 822079.1528
cv =32.0%
** = gignificant at 1% level ; * = insufficient error df
ns = not significant

¥.2.3 HaMINATIEH
HxL TABLE OF MEANS FOR HOPPER SIDE (g/min)
(AVE. OVER 3 REPS)
HOPPER SIDE (H)

HOPPER LEVEL (L) LEFT RIGHT . L-MEAN DIFF
FULL 405.120 833.710 619.415 -428.590*
HALF 248.203 631.717 439.960 -383.513*
H-MEAN 326.662 732.713 529.688 -406.051%*
DIFF 156.917 ns 201.993 ns 179.455 ns

** = gignificant at 1% level, * = significant at 5% level

ns = not significant

Comparison SED LSD (5%) LSD (1%)

2-H*L means 138.236 318.780 ' 463.738

2-H means 97.747 225411 327.912
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ANALYSIS OF VARIANCE
COMPLETELY RANDOMIZED DESIGN

REPLICATION (R)=3
TREATMENT : 2X2

HOPPER SIDE (H) =2

H1=LEFT

H2 =RIGHT

HOPPER LEVEL (L) =2

L1=FULL
L2 =HALF
FERTILIZER (g/ 3 min)

REP] . REP2 REP3
H1 L1 1117.36 937.85 950.27
12 1094.40 689.81 947.55
H2 L1 1015.48 904.68 869.84
L2 749.38 638.87 997.15
REP TOTALS 3976.62 3171.21 3764.81
REP MEANS 994.15 792.80 941.20
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ANALYSIS OF VARIANCE FOR FERTILIZER

ns = not significant

d
¥.3.3 HANI5 BATITH

NAY DF SS MS F
TREATMENT 3 66075.981926 22025.3273 <1
HOPPER SIDE (H) 1 26305.3488 26305.3488 1.15ns
HOPPER LEVEL (L) 1 38343.1685 38343.1685 1.68 ns
HxL 1 1427.4645 1427.4645 <1
ERROR 8 182884.5098 22860.5637
TOTAL 11 248960.4917
cv=16.6%

HxL. TABLE OF MEANS FOR HOPPER SIDE (g/ 3 min)

(AVE. OVER 3 REPS)

HOPPER SIDE (H)

HOPPER LEVEL (L) LEFT RIGHT L-MEAN DIFF
FULL 1001.83 930.00 965.91 71.83 ns
HALF 910.59 795.13 852.86 115.45 ns
H-MEAN 956.21 1962.57 909.39 93.64 ns
DIFF 91.24 ns 134.87 ns 113.05 ns
ns = not significant
Comparison S.E.D LSD (5%) LSD (1%)

2-H*L means 123.45 284.69 414.14
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fudeyamanaaeunng aseialuuihum 8 §alue

(a7 (2 119)

$udls (nw)

Tua1 3 U (~180 1uRT)

faUnN fadne
Ya 1509.25 1231.85
1 1387.46 1337.12
1% 1352.55 1338.34
2 1500.55 *
2% 1399.35 1396.37
3 * *
3 1534.52 1593.06
4 1401.33 1534.80
4% * *
5 1588.25 1528.87
5% 1511.48 1571.05
6 1089.35 918.32
6Y2 1263.36 1357.60
7 1543.82 1334.51
7Y% 1294.17 1107.07
8 1157.12 *
mie 1354.08+170.48 1391.611+148.11
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