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Studies on Mechanical Harvesting of Baker’s Garlic (1)

Pulling Resistance Force of Baker’s Garlic Plants

Masami IWASAKI* and Akira ISHIHARA"

*Department of Agricultural Mechinery, Faculty of Agriculture

Summary

As the fundamental studies on mechanical harvesting of Baker's garlic,
the pulling resistance force was measured at the sand fields by the trial
lifting equipment newly designed.

Some of the results obtained in the experiments are summarized as follows.
1. Using lifting method (A), the percentages of the specimen which could

be pulled up without the cutting of leaves during the growing state of

Baker's garlic plants, were as follows.

" 1 (June 13) 67%
II (June 24) 94%
I (July 8) 5%

On the other hand, lifting method (B), which removed the sand from the
bottom of the bulbs to the ground surface, showed a percentage of more
than 90%.

2. The maximum pulling resistance force of the root zone Rrmax (kg) de-
creased with the approach of the late stages of harvest.

3. The specimens which could be pulled up were better developed in leaf
growth and in the numbers of bulbs than those of the specimens which
could not be pulled up.

4. The results of the multiple regression analysis on the effect of the maxi-
mum pulling resistance force Rmax (kg) revealed that the weight of bulbs

Wb (g) was highly significant.
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X ]
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| Fazkw  Packing
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Forwarding
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Fig.1. Flow chart of Baker’s garlic harvesting .
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(a) Improvement of plough {(b) Ueda type digging blade ¥ g VDD [IRXIRITNEWEET 2720, F2
BHEL B0 A BB &9 % SR E B B EL 22D
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IZFREEATL .5~2 .0cm, BRIR L EIELD Fig. 2. Trial lifting equipment.
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Table 1. Field condition
e Sk | *AE rg | e
MBé (Chm) Moisture Hardness deséity
ept content | (kg/em?) Ca/em®)
I 0 3.20 0.3 1.76
10 4.29 0.9 1.80
( June 13)
20 5.50 1.2 1.83
I 0 1.05 0.4 1.79
10 6.43 0.6 1.83
( June 24)
20 6.64 0.7 1.86
m 0 0.63 0.2 —
10 5.58 0.2 1.85
(July 8)
20 5.64 0.2 1.83

MR TIEHE T & B,

% Yamanaka type soil hardness tester

3 FIER & BT ik
Fig. 3. Pulling test methods,

VEARFET OB EHANOTHREHEIT  (B)ERIR
EEf & D HiEE TORE I Bu R K 551K
XHEIAOWE IOV TITY, BARIE T ¥ & L
Lo, BB R(B T HnTHRY B 2800
L, BIREETOF R 2 DR, BMfc LD kT 5
WO BT 4255 THERT, 12i1F25em
DEBRTHENTS > 727207 080k & DNz,
5k = 5BR & ARSI, BHRXEMAICEE 2 B LT
FTEELIENDE T v F a v ORHEOMEL ALY
TIT»70 BR2IZEBIZH T 3 RBRIRIER T,

AIEMIC L BT & R
Photo. 2. Measurement of pulling resistance
force by the trial equipment.
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Fig. 4. Histogram of bulb depth in sand (D).
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{EHEXMC 108 <=m= 116 mmOEHFIZH 7=, F4
R ERIBRS DOEHS iR E T~ T. & 53213,
RERARNIZE S 1M D OIBEH Bn(2R), BRIBE &

22
20
18
Bn 16
(BR) 14
12
10

80
70
Wb 60

40
304
32
30

Ln 28
(#0) 26

24
22}

I I i}
Junel3) (June24)  (July 8)
E5 UXFEERIZ 35 1) % Rk
Fig. 5. Forms in harvesting season.
Bn : Numbers of bulbs
Wb : Bulb weight { g)

Ln :Numbers of leaves

Wb (g), EHEHLn (B0 &7, REZESI,
8 HICHEZ A TEERFHOBIBTH Y, @HES AXRL S
6 AXE TOHL r HMOUIHEIERIZ 5T, 5Bk
JERAIThNTVWAEZ L Fhh b, HIZEEKRT
WO ERL T b, ,

2. LERBICEI ATIREEHTN HER,
X—=YVa—-#icka5liksREHE(A) DF|
IR ST H R(kg) &, $REZENL X(em) O FCEMH]
AR To B (a) 253k & THET & - 4T, (b)
PEIERR OB ETR T FHREWRED 2 DERTIE,
SREZNL X=1.3 (em) CHAF R 41/ Rmax =

12.0
D =80 (mm) D =130
10.0¢ Wb =45( g )} Wb =100
Ln =23(#%) Ln=27
Bn =15(%k) Bn=24
8.0t
R
p 6.0
(kg)
4.0
2.0
0 " .
0 2.0 4.0 6.0 8.0 2.0 4.0
X (em)
(a) 5lik&wy (b) Blik & A7

Pulled up Not pulled up

E VR S
Fig. 6. Relationship between pulling resistance
force and displacement.

8.9 (kg) &% L, LIBRNEAARTEABEMT & NSRBI AL
X=6.5mfEERHSL L4 > CIREIC L3I DA %
<hED, 99yFavoLBEEW(g) LIREHIAEL
EBEOMPRENLZEIZE S, AR (b) DFHE
BRIz W TIE, EZEBHRT & N 5 &[RRI T
MEBL 50, 1kkdb 7z 0 EEOBKTEES Pmax
(kg)& 2D & = DEREEHM X (em) DG 5N 5, BRIB
EESE 0 HER T TOWE ) BV IRETH 5K
XRERFE(B), T4 b HBBEOLOT|REEIS
DTV C G RO LIRS N
#2  Blikx TREIA (%)

Table 2. Successful harvest percentage of bulbs
without the cutting of leaves

A B
I 67 95
1l 94 100
1l 5 90

(A and B test methods were shown in Fig.3)

#2103, RERAJNCEHRE TR Th - 2 BALE
OB L AL 1253 T, IR EATREEIE (5]
R TTREEAR ) 2FAY) A ESETRLALD
Thd, IhhbIIERL O EE COBEIY
B o BRI (B )IC & 5 514Kk & WTREEIS1390% L
EoBWEEZRL T 5, REBRBEIICEH W TRERA
FEA)TES% B0k, EEOWESTTATY
5288, BIRIEKIZ KB BIREEIMNDO AN E
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25N 5B, H7R(a), (b)12 #ERA O HERS
(AN ®1T 5 BT IR E HEHT /) Rmax (kg) & B8R

10f
Rmax.

(kg) 1

Rrmax.

(kg)

/
/
/

c———p———p '
1

1 i i
(June 13)  (June 24) (July 8)
£ Rmax. # & Uf Rrmax. O RFF-#95%{SHEX i
Fig. 7. 95% confidence interval of population mean
of Rmax and Rrmax

HEBUC BT BIRBED &1 & 5 kTGRS H
Rrmax (kg) 0 £ B%IEMX ME R T HRER
B iz34F % Rmex (kg)ld, ¥k = o848 4 548
SRV DEKL 2, RIS 5 Rmax ¥ & Uf Rrmax
L BRI D < 12 TS Iz %
RLTEY, & <12 Rrmax® D, IBEOREDY
1k U CRIREIC A VDD & 328 % 9 b 59,
¥ 72, £ 3ICEHEEMN & BRI E HEHTH Rmax &
DOIEESTHERBRA T, TizonwToHRT,
HED & BbTHRMIC BN TIE, RIBEEWD &
IRIBEAR - 1% a b K UEZEH Ln & Bk R Bn
&I HRERETR O FABRIR AR 5 N b, F - ERIREE
D BIMEMIZIZITE A CHBEBRIERD S
Vo % L TEKAS KD Rmax (L TERERID ) %
T, BIBEE WD & 20muiEl» % 5,

RIS, BIRE SRR G BN IZET 5 1440 D&

#3 TEBMAHATSI

Table 3. Correlation coefficient matrix

D Bn Wb Ln a-b | Rmax

D 0.081-0.06(~0.19]-0.36| 0.31

Bn 0.15 0.52 0.78| 0.63| 0.30

Wb 0.15 0.65 0.75| 0.86{ 0.60

Ln 0.25{ 0.80| 0.65 0.64| 0.13

asb |-0.11} 0.63| 0.86| 0.53 0.45
Rmax | 0.22| 0.43| 0.79| 0.60{ 0.54

a-b :Bulb diameter (mm)
Rmax : Maximum pulling resistance force ( kg)

FERBR Y i & Pmax/Lnld, RERA T 1oV T, B
B mD5%EHEX M ¢0.155 m=<0.49(kg/%&) [ L
STMIZHWT0.27E m=0.38(kg/A) DEIZH -
7o B BRIBO & 5 ICAER B IERAESTH
D, BRARIEA AR X B 7 OISR SRR
ZHWT—HRO B L BEFOMEN S 5 L s 610,
EESOBE T, DOBES L R TEEDHE
MEL, EHUHRBENII BV TE, EEOBS
AWV HFEDIREEAS — TR D o7,

k& RA[(P) b LU (R)BlIC K A FRED T
il & FEHE R 2

Table 4. Mean and standard deviation of forms
of P (not pulled up)and R (pulled up)

#4

a-b

Wb

Ln

Bn

P 34.2+ 7.8

38.3+21.1

18.2410.0

8.3+ 4.0

R | 41.8+ 8.4

39.2+16.5

34.11+14.0

15.8+ 6.1

AL, REBED T IoB 0 25K & TR A L, 338
TR OREA L 2013 T, BIWEO T & EHeR2E
L1 bDThHD, ARLYEBED/ST7 Y LK
FVA, WS IEBFTOENT v ¥ 3 70— KIZE]
WERHRETHLZLE2RLTWEF 1, RS
51887 Pmax & 2IEH LnDOMHBIEE03 0.88 % 572,

¥, Rmax b LU PmaxiZ2EA2F TCD I vFa
7 DEEZNL X R, Xpld, FFFEImMOIS5Y%EHER
T&413=m=£2.6 (em) HE0U0.9= m=1.9 (em)
DRI H - 720

3. EEYBSH L AFHREEINOME LB
RETOBIREEM NI HEL P LETLEA OGN
BET, Mo mEE, RBREBLUT v Fay
NDEFREI BT NE, 22T, HRNEHELT
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Rmax, Rrmax = go+ 6T+ 8.D+ Bsab+
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WOTEHELZ, &6, REHEH(BII BT IEHIR
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Table 5. Analysis of variance

B BT A | PSP F
D-F S-S M-S
R essih 6 | 840.9 | 140.2 |37.69 %
o idual 105 | 390.5 3.7
L B VR I PW!
kok 1% HEREAKMEE 1% significance level
D - F : Degree of freedom S + S I Sum of square
M+ S ! Mean square F I F test
F - ERESR B0, REVRFRE B~ B:13,
B0=2.935 U HE
B —0.150 —6.485 **
B2 0.026 6.964 * %
B _ 0.015 0.413
B4 0.077 4.660 * %
B —0.047 | —1.390
B 0.003 0.047

(%% 1 1 %HEEAKE)
D, SEHME0, SEl oL s 5 ke
7= R PR R4 81 ~ Aol

By —0.390
87 0.398
By 0.055
BY 0.615
B¢ —0.147

0.005
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(kg)4
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. M1 L3 b " . N
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S, . (kg)

#8 BPFHEERE Re & 25 E o D B
Fig. 8. Distribution of regression estimate value
(Re) and residual (E a),
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A A Rrmax.
T
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~~_ 1
4 B
¥
2k
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I il i
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59 Rmax # & OF Rrmax OHEEM
Fig. 9. Estimate value of Rmax and Rrmax.
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