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Various crop spacing methods have been implemented so far for the greenhouse and plant factory applications. However,
there is no generally accepted parameter for evaluation of plant spacing efficiency in plant production system. In this study,
‘Planted Area Index’ (PAI) of a spacing method is defined as the ratio of the planted area in the field to required planted
area using the spacing method when no transplanting operation is assumed. Three common types of spacing methods for
plane placement of the plants were modeled mathematically. For calculating the planted area, an optimal growth radius
function (R(t)) is needed. Function of the days after transplanting stage gives a radius of an optimal circle area for the
living plants. A computer simulation was developed to calculate the PAI, based on three crop spacing methods and four
optimal growth radius functions. In general, the 1-D zigzag spacing showed the best PAI. Moreover, it gives an example
on how to apply the PAI for the design.
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Table 1 Naming of crop spacing methods

Classification by Classification by array method

moving method Square grid type Zigzag type

Fixed type Square Grid Spacing Zigzag Spacing

1-D Spacing type | 1-D Square Spacing | 1-D Zigzag Spacing

2-D Spacing type | 2-D Square Spacing | 2-D Zigzag Spacing
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Table 2 Equations of virtual optimal growth radius (Z(t))

Growth curve Virtual optimal growth radius (R(t))
Linear R(t)=0.4t+3
Sigmoid Rt =—22 21
1+e *
Exp. R(t) = 3600535
Log R(t)=3.495In(t+1)+3

Table 3 PAI model of crop spacing methods
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Fig. 6 Comparison of PAI as affected by spacing methods and number of plants on the bed.

Table 4 Maximum planted area index when 2000~2200 plants were grown on the bed

Maximum planted area index (PA[)
Square grid type Zigzag type 1-D square spacing 1-D zigzag spacing
Linear 1 1.125 1.596 2.811
Sigmoid 1 1.125 1.575 2.707
Exp. 1 1.125 1.911 3.181
Log 1 1.125 1.222 2.251
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Table 5 Comparison of design variables

Spacing Width Length # of growth stage |# of plant channel # of plants Total # of plants |Planted Area Index
method (" (L) () (V) (™) () (PA)
908 136 13 6 4 312 2.301
1,055 136 14 6 4 336 2.134
914 136 12 7 4 336 2.463
1,059 136 13 7 4 364 2.301
1D 971 136 15 7 4 420 2.898
zigzag 902 136 11 8 4 352 2.612
spacing 1,044 136 12 8 4 384 2.463
911 136 9 9 4 324 2.382
1,015 136 11 9 4 396 2.612
1,012 136 9 10 4 360 2.382
977 136 10 10 4 400 2.740

2) AAHEAR FE= AEHEZE WA, HAA A s 2. Chang, Y. S. 2000. Development of row spacing system for
¢} ASTEA L 4, ASTEAE Qs & Al E plant factory, PhD thesis, Chungbuk National University. p.
o R o] 8 03RS W=t} 107 (In Korean)

Q) A=HAZEZAE AHE A Aed H4 A% 3. Chang, Y. S., D. E. Kim, H. H. Kim, J. G. Kim, D. H. Lee
vl B2 e ZEo] AR HAR RS 37| TS| and S. K. Kim 2005a. Development of vegetable row spacing
wEe] Folsk mAS ok & Fgsk 4 9} system by slider and lugs. Proceedings of Korean Society for

(4) AAEALN T 2AEAZ AR o] WA A} Agricultural Machinery 10(2):307-311. (In Korean)
o= - = 4. Chang, Y. S., D. E. Kim, H. H. Kim, J. G. Kim and I. H.
s e ARAoR HolF] o] et xd o . .
4219) AAA G 7b AA AEA S ook Yu. 2006. UtlllZ.a'[lOH effect of shdlr.1g type crf)p row spacing

system. Proceedings of Korean Society for Bio-Environment
Control 15(1):63-69. (In Korean)
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by Korea Institute of Planing and Evaluation for Technology 8. Mori, K. 1991. Automation technology. SHITA Report.
of Food, Agriculture, Forestry and Fisheries (IPET). A pre- 2:16-24. (I Japanese) ) .
o . . . 9. Park, K. W. 1994. Mass production of horticultural resources.
liminary version of this paper was presented at Proceedings
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of the KSAM 2011 Winter Conference. 10. Prince, R. P. and Bartok, J. J. W. 1978. Plant spacing for
controlled environment plant growth. Transactions of the
ASABE 21(2):0332-0336.
11. Seginer, 1. and I. Ioslovich. 1998. Optimal spacing of a
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