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Seedling Quality Evaluation and Experiments of Cucumber Plug
Seedlings for Mechanical Transplantation
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Abstract; Automatic transplanters can improve the transplanting efficiency of vegetable seedling plugs,
which are widely applied and valued in production. However, the transplantation of automatic
transplanters is limited by pick-up failure or root lump destruction. To get plug seedling quality suitable
for mechanical transplantation, orthogonal experiments targeting at cucumber plug seedlings and involving
factors of substrate composition ( ratios of sphagnum peat moss to perlite and vermiculite volume were
2:1:1, 3:1:1 and 4:1: 1), substrate compaction (ratios of substrate to pore volume were 1.0, 1.2 and
1.4) and liquid fertilizer concentration ( EC values were 1. 0 mS/cm, 1.2 mS/cm and 1.4 mS/cm) were
conducted. The cucumber plug seedlings were compressed or drawn by using a texture analyzer to test the
compressive resistance and plug abscission force. The stem thickness, plant height, dry root weight and
dry stem weight were measured, and the growing quality was evaluated using a sound seedling index.
Root lumps were scanned by an X-ray micro-computed tomography ( wCT). Roots were isolated from root
lumps by using a threshold segmentation method and three-dimensionally reconstructed. The roots were

divided into five equal parts vertically and six equal parts horizontally; the ratio of root volume in each
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part to the volume of root lump in this zone was defined as the root density. Then the root volume and
density were statistically analyzed. It was found that the compressive resistance and plug abscission force
were both significantly affected by the substrate composition and substrate compaction. Both compressive
resistance and plug abscission force were improved with the rise of sphagnum peat moss concentration or
compaction degree. The sound seedling index was firstly increased and then decreased with the rising
concentration of sphagnum peat moss in the substrate, compaction and fertilization concentration.
Vertically, the ratio of minimum to maximum root distribution densities was defined as the root uniformity
degree, which was used to evaluate the root uniformity. Horizontally, the peripheral root distribution
density was used to evaluate the lump enveloped degree. Clearly, substrate composition, compaction and
fertilization concentration all significantly affected the root uniformity coefficient and root enveloping
coefficient. Multi-object optimization of compressive resistance, plug abscission force, sound seedling
index, root uniformity and peripheral root distribution density were conducted via a comprehensive scoring
method, which identified the optimal three-factor combination were substrate composition of 3:1: 1,
substrate compaction of 1.2 and liquid fertilizer EC value of 1. 2 mS/cm. Experiments on automatic pick-
up transplanter showed at the frequency of clamping seedlings were 43 plants/min, 48 plants/min and
53 plants/min, the root lump destruction rates were 3. 6% , 3. 9% and 4. 3% , respectively, the pick-up
success rates were 97.2% , 96.1% and 94.8% , respectively, which were better than other factor

2018 4

combinations and consistent with the comprehensive scoring result.

Key words: cucumber plug seedling; transplants; plug seedling quality; evaluation
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Tab.1 Factors and levels
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Tab.2 Orthogonal experiments of compression and drawing

- A R c BLES Tt 257
F, /N Fy/N
1 1 1 1 2. 659 1.268
2 1 2 2 3.421 1.591
3 1 3 3 4.095 1.918
4 2 1 2 2.928 1. 446
5 2 2 3 3.547 1.759
6 2 3 1 4.253 1.975
7 3 1 3 3.596 1. 631
8 3 2 1 4.013 1. 867
9 3 3 2 4.843 2.227
K, 3.392  3.061 3.642
K, 3.576 3.660 3.731
Fu Ky  4.151 4.397 3.746
R 0.759 1.336 0.104
K, 1.592 1.448 1.703
K, 1.727 1.739 1.755
Fy Ky 1.908 2.040 1.769
R 0.316 0.592  0.066
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Tab.3 Variance analysis of compression and drawing

5 2% 2% F

ER w7 g
A 0. 940 2 0.4701 81.56  0.012
B 2. 687 2 1.343  233.03  0.004
Fu c 0.019 2 0.010 1.65  0.377
wE0.012 2 0. 006
A 0. 151 2 0.075 275.26  0.004
B 0.525 2 0.262  957.93  0.001
Fx c 0. 007 2 0.004 13.14  0.071
R 0.001 2
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Tab.4 Orthogonal experiments of sound seedling index

i 5 A B C AR R/ g
1 1 1 1 0.064 9
2 1 2 2 0.0747
3 1 3 3 0.070 4
4 2 1 2 0.0720
5 2 2 3 0.079 5
6 2 3 1 0.074 8
7 3 1 3 0.068 1
8 3 2 1 0.0756
9 3 3 2 0.073 1
K, 0.070 0. 068 0.071

K, 0.075 0.076 0.073
K, 0.072 0.073 0.072
R 0. 005 0. 008 0. 002
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Tab.5 Variance analysis of sound seedling index

iR WEFEIIM AmE  ¥ir F P

A 4.47x107° 2 2.23x10°° 957.57 0.001
B 1.03x10°* 2 513 x10°° 2200.43 0.001
c 3.42x10°° 2 1.71x10°% 73.28 0.019
2 4.67x10°% 2 2.33x10°°
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Tab.6 Orthogonal experiments of root uniformity

coefficient and peripheral root density

WAL SER R

g
mis ? FME, MEIEE,
1 1 1 1 0. 651 0.0237
2 1 2 2 0.653  0.0245
3 1 3 3 0.556  0.0215
4 2 1 2 0.671 0.026 3
5 2 2 3 0.665  0.0269
6 2 3 1 0.552  0.0229
7 3 1 3 0.663  0.0253
8 3 2 1 0.645  0.0252
9 3 3 2 0.553  0.0222
K, 0.620 0.662 0.616
K, 0.629 0.654 0.626
Ey Ky  0.621 0.554 0.628
R 0.009 0.108 0.012
K, 0.023 0.025 0.023
K, 0.025 0.026 0.024
Eu K,  0.024 0.022 0.026
R 0.002 0.003 0.002

RT RESGGEEAESN
Tab.7 Variance analysis of root uniformity

coefficient and peripheral root density

WA Jr HE

Al ¥ 7 F P

#® ki 7 A JE

A 0.000 2 2 8.41x107° 58.23 0.0169
‘ B 0.0218 2 1.09 x10°2 7564.00 0.000 1
Ev c 0.000 2 2 1.21x10°* 84.07 0.0117

W¥E 2.89x107° 2 1.44x10°°

A 6.84x107° 2 3.42x107° 439.43 0.0023

B 1.97x107% 2 9.85x10°° 1267.00 0.0008
Eu C 6.16x1077 2 3.08x1077 39.57 0.0246

W 1.56x10°% 2 7.78 x107°
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Tab.8 Comprehensive scores of different indices
HLE T Wi £ Ty IR R WRBL SMERASG a3
it A B c .
F,/N Fy/N R/g BZHE, W E,
1 1 1 1 2.659 1.268 0.064 9 0.651 0.0237 33.59
2 1 2 2 3.421 1.591 0.0747 0. 653 0.0245 63. 10
3 1 3 3 4.095 1.918 0.070 4 0.556 0.0215 30. 25
4 2 1 2 2.928 1. 446 0.0720 0.671 0.0263 61.85
5 2 2 3 3.547 1.759 0.0795 0. 665 0.026 9 82. 66
6 2 3 1 4.253 1.975 0.074 8 0.552 0.0229 45.90
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