Protected Horticulture and Plant Factory, Vol. 27, No. 4:381-390, October (2018)
DOI https://doi.org/10.12791/KSBEC.2018.27.4.381

Cylindrical Paper Pot Trays of Plug Trays
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Abstract. This study was conducted to examine the growth characteristics of seedlings of several major fruit vegeta-
bles and compare them between plants grown with the conventional plug seedling system (Plug) and those grown
with the cylindrical paper pot system (CPP). There were no significant differences in shoot growth characteristics,
such as plant height, leaf area, dry weight, and fresh weight, between tomato, cucumber, and watermelon plants
grown with the CPP and Plug systems. The total root lengths of tomato and cucumber plants grown with Plug were
longer than those grown with CPP at the beginning of seedling growth, and the total root lengths of watermelon
grown with Plug were longer than those grown with CPP throughout the whole seedling period. The length of root
that separated five steps according to the diameter of the root of tomato did not differ between CPP and Plug, but
those of cucumber and watermelon were 20-251% longer with Plug than with CPP for all kinds of roots. The fresh
weight of Plug-grown tomato roots was about 30% heavier than that of CPP-grown tomato during the seedling period,
but the difference decreased as growth progressed. Finally, there was no difference between plants before and after
transplanting. The fresh weights of the Plug-grown plants were about 20-30% heavier than those of CPP-grown ones in
terms of the whole seedling. After transplanting to the Wagner pot, the shoot growth of Plug-grown watermelon plants
in terms of dry weight was low until 7 days had passed. However, this tendency was reversed from 8 days after trans-
plantation onward. In conclusion, there were no significance differences in the growth of shoots between plants grown
with the CPP and Plug systems. However, root development was better with Plug than with CPP.
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Table 1. Intercomparison result of shoot growth characteristics of tomato, cucumber and watermelon seedlings between cylindrical paper

pot trays(CPP) and plug trays(Plug) according to seedling stage.

stage (mm) leaf stem leaf stem (%) (mgem)  (cm’g")
CPP 2.63£0.21 0.79+0.14 0.44+0.10 0.07£0.01 0.03£0.01 9.84+9.11 14.4£2.4 317.8+105.4
1 Plug 2.45+0.24 0.82+0.35 0.35+0.10 0.08+0.01 0.02+0.01 7.24+2.73  13.9£2.7 302.1£201.7
Sig." NS NS NS NS NS NS NS NS
CPP 5.26+£0.49 3.41+0.38 3.44+0.50 0.34+0.05 0.19+0.02 15.88+2.81 33.2+4.1 400.1+£72.5
Tomato 1T Plug 5.37+£0.49 3.53%+0.52 3.24+0.43 0.35+0.07 0.17+0.04 14.44+£3.08 33.7+6.5 417.1£134.8
Sig. NS NS NS NS * NS NS NS
CPP 6.57£0.45 9.38+0.88 8.48+1.53 1.04+0.15 0.84+0.15 22.46+2.74 68.4+10.0 285.7+62.4
11 Plug 6.64+0.42 8.55+1.55 838+1.40 1.01£0.14 0.82+0.09 19.23£2.74 69.1£9.1 275.4+48.1
Sig. NS NS NS NS NS *x NS NS
CPP 3.02+0.24 1.10+0.18 0.45+£0.11 0.12+0.02 0.02+0.01 13.88+4.47 37.7£6.6 305.6+31.1
1 Plug 3.39+0.35 1.20+£0.29 0.45+0.10 0.13£0.03 0.02+0.01 14.06+2.74 38.9£7.0 299.1+£18.4
Sig. * NS NS NS NS NS NS NS
CPP 5.05£0.45 3.73£0.34 2.50+0.35 0.45+£0.06 0.11£0.02 18.36+7.46 81.0+17.1 304.8+58.4
Cucumber 11 Plug 5.13+0.50 3.72+0.33 2.52+0.38 0.44+0.05 0.12+0.01 12.15¢4.00 79.4+6.4 280.9+22.5
Sig. NS NS NS NS NS *x NS NS
CPP 5.61£0.60 5.80+£0.56 4.67+0.82 0.70£0.11 0.32+0.06 16.26+2.22 89.5+23.2 320.1+£67.6
11 Plug 5.68+0.74 5.49+0.74 4.48+0.69 0.66+0.11 0.29+£0.06 11.75£1.98 104.3+17.1 326.1+£71.7
Sig. NS NS NS NS NS Hokk NS NS
CPP 4.94+£0.56 2.80+0.51 2.74+0.58 0.32+0.09 0.14+0.04 51.41£39.25 64.8£9.9 317.4+58.8
1 Plug 5214036 2.85+0.32 2.96+0.47 0.34+0.05 0.15+0.03 34.78+£39.25 72.2+12.8 296.4+43.7
Sig. NS NS NS NS NS NS NS NS
CPP 5.44+0.43 4.39£1.12 5.79+£1.11 0.42+0.13 0.32+0.10 28.83+16.22 45.5£20.2 559.7+240.1
Watermelon 1T Plug 5.55¢0.47 4.29+0.60 5.59+0.74 0.40+0.08 0.32+0.06 24.45+£10.32 44.2+13.0 499.1£148.3
Sig. NS NS NS NS NS NS NS NS
CPP 5.73£0.34 7.46+£0.79 12.434£2.32 0.98+0.15 0.92+0.16 32.95+£5.98 41.9+6.4 334.7£74.4
11 Plug 5.67£0.40 6.31+0.93 10.45£2.41 0.81+0.06 0.85+0.13 32.314£6.99 42.1+84 317.3+56.7
Sig. NS kack ** kak * NS NS NS

“? Seedling stage : Tomato(I: 22days after sowing, II: 32days after sowing, I1I: 46days after sowing), Cucumber(l: 14days after sowing,
11:22days after sowing, I11:31days after sowing), Watermelon(l: 24days after sowing, II: 30days after sowing, III: 36days after sowing)

¥ Compactness is the values of the shoot dry weight divided by the plant height
*Specific leaf area is the values of the leaf dry weight divided by the leaf area
NS, *, ** #** Nonsignificant of significant at P=0.05, 0.01, 0.001, respectively in student’s t-test

Ao -AE25, M2rd M4 20184

383



A5 - DES - AN - QYA

Cucumber

Watermelon

L o8

Plant height {em)
S

2 ¥ 2 32 ¥ 46 1§ 21

27 M 33

“Total raal length (em)
S EEEEEERE

g 8 & 8 8 8

7] % ¢ 32 3w 48 1§ 21
Days after sowing

Days after sowing

X 27 W 3B 2 24 % 32 o

Days after sowing

Fig. 1. Comparison of variation trend of plant height, leaf are and total root length of tomato(left), cucumber(middle) and water-
melon(right) seedlings between cylindrical paper pot trays(CPP) and plug trays(Plug) during seedling period. The error bars represent

the standard deviation of the mean (n=10).
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Fig. 2. Comparison of percentage dry matter of leaf, stem and root on tomato(left), cucumber(middle) and watermelon(right) seedlings
between cylindrical paper pot trays(CPP) and plug trays(Plug) according to seeding stage. Seedling stages of tomato were 22(Stage I),
22(Stage 11) and 46(Stage I1I) after sowing(left). Cucumber’s seedling stages were were 16(Stage 1), 22(Stage 1I) and 31(Stage I1I) after
sowing. And watermelon’s seedling stages were 24(Stage I), 30(Stage II) and 36(Stage III) after sowing. The error bars represent the

standard deviation of the mean (n=10).
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Table 2. Intercomparison result of length of root in the root diameters in five types, average root diameter and root surface of tomato,
cucumber and watermelon seedlings between cylindrical paper pot trays(CPP) and plug trays(Plug) according to seedling stage

Crop

Seedling Tray
stage”

type

Root length (cm) & Ratio between five types root diameter (%) Root

average

<0.05mm 0.05-1.0mm 1.0-1.5mm 1.5-2.0mm >2.0mm di(amet)er
mm

Root
surface”
(cm?)

Tomato 11

I

CPP
Plug
Sig.*
CPP
Plug
Sig.
CPP
Plug

Sig.

159.1433.1(94%)  9.1542.94(5%)  0.49+0.39(0%) 0.12+0.15(0%) 0.05+0.11(0%) 0.29+0.02
141.4+49.6(93%) 9.18+4.55(6%)  0.95+0.59(1%) 0.18+0.16(0%) 0.110.18(0%) 0.30+0.03
NS NS NS NS NS NS
400.4+35.8(86%) 57.05+15.88(12%) 6.3542.47(1%) 1.41£0.77(0%) 0.77+1.33(0%) 0.340.03
525.3+£99.8(87%) 64.95+19.22(11%) 7.4943.96(1%) 1.43+1.38(0%) 1.28+1.35(0%) 0.31+0.04
* NS NS NS NS NS
512.2450.5(85%) 75.12421.95(12%) 8.87+3.37(1%) 2.40+1.46(0%) 1.61+1.47(0%) 0.32+0.05
579.4+97.0(89%) 59.68+15.94(9%) 9.904+3.90(1%) 3.13+1.49(0%) 2.48+1.87(0%) 0.31+0.04
NS NS NS NS NS NS

1.54+0.33
1.43+0.54
NS
5.01£0.73
5.89+1.27
*
6.03+0.99
6.31+1.37
NS

Cucumber  1II

11

CPP
Plug
Sig.
CPP
Plug
Sig.
CPP
Plug
Sig.

95.5+18.9(60%) 45.11£9.24(28%) 11.93+2.59(7%) 3.04+1.48(2%) 4.71%3.20(3%) 0.65+0.10
118.8+34.5(58%) 54.58+9.66(27%) 14.36+3.76(7%) 4.55:1.91(2%) 11.4146.04(6%) 0.75+0.17
NS * NS NS * NS
524.6+74.5(81%) 102.99+14.05(16%) 11.10+4.81(2%) 3.47+2.41(1%) 3.11+2.38(0%) 0.37+0.04
658.6:81.2(80%) 135.67+28.18(16%) 19.58+7.10(2%) 6.77+2.52(1%) 7.46+3.40(1%) 0.4120.05
kk kk kk * kk *
808.9+4203.1(83%) 131.04+33.95(14%) 18.37+5.88(2%) 5.95+2.46(1%) 4.67+3.47(0%) 0.35+0.04
1032.4+177.6(83%) 177.43+56.57(14%) 27.98+14.03(2%) 8.66+5.43(1%) 7.92+7.39(1%) 0.37+0.06
ok * * NS NS NS

3.28+0.74
4.69+1.00
kk
6.48+3.96
7.87+4.60
NS
10.66+2.71
14.62+4.47

*3k

Water-
melon

I

CPP
Plug
Sig.
CPP
Plug
Sig.
CPP
Plug
Sig.

135.3430.1(88%) 14.2145.56(9%) 2.39+1.48(1%) 0.74+0.59(0%) 1.04+0.49(1%) 0.33+0.04
283.2+46.9(88%) 30.85£12.02(9%) 5.14+2.58(2%) 1.86+1.00(1%) 2.31+1.21(1%) 0.34+0.04
328.4+19.5(88%) 37.25+12.53(10%) 5.08+1.85(1%) 2.42+1.19(1%) 2.25+1.68(1%) 0.33+0.05
388.9431.1091%) 37.31£7.93(8%) 6.93+2.90(1%) 2.14+1.30(0%) 1.95+2.66(0%) 0.32+0.07
ok NS NS NS NS NS
426.1+44.6(87%) 52.66+10.69(11%) 8.06+3.94(2%) 2.31%1.61(0%) 2.01£2.06(0%) 0.34+0.05
542.5+44.1(90%) 49.37+10.82(8%) 7.83+3.33(1%) 2.67+1.36(0%) 3.11+2.44(1%) 0.31+0.04
hk NS NS NS NS NS

1.60+0.44
3.47+0.80
ksksk
3.94+0.78
4.37+0.80
NS
5.18+0.91
5.87+0.85
NS

* Seedling stage : Tomato(I: 22days after sowing, II: 32days after sowing, I1I: 46days after sowing), Cucumber(l: 14days after sowing,
11:22days after sowing, I1I:31days after sowing), Watermelon(l: 24days after sowing, II: 30days after sowing, III: 36days after sowing)

Y Root surface (cm?) : root length (cm) x { root average diameter (mm) x 7 x 0.01}

NS, *, ** *** Nonsignificant of significant at P=0.05, 0.01, 0.001, respectively in student’s t-test
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Fig. 3. Comparison of variation trend of shoot fresh weight, root fresh weight, shoot dry weight and root dry weight of tomato seedling
between cylindrical paper pot trays(CPP) and plug trays(Plug) during seedling period. The error bars represent the standard deviation of

the mean(n=15).
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Fig. 4. Comparison of variation trend of shoot fresh weight, root fresh weight, shoot dry weight and root dry weight of cucumber seed-
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