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Study on mechanized transplanting efficiency of cabbage at different

seedling ages

DING Wenxin, LI Jianshe, GAO Yanming, HAI Dong

(College of Wine and Horticulture, Ningxia University, Yinchuan 750021, Ningxia, China)

Abstract: Aiming at the problem that the morphological characteristics of cabbage seedlings in Liupanshan area were not
suitable for transplanting machinery, 2ZB-2B semi-automatic double-row transplanting machine was used ,with the local
main cultivar Zhonggan 15 as the test material. Six seedling age treatments were set up, including T1 : 39 d, T2 : 36 d,
T3:33d,T4:30d, T5:27 dand T6 : 24 d. The morphological characteristics of seedlings and mechanical transplanting
were recorded, and the field growth status, quality and yield were measured, in order to screen out the seedling age of
cabbage seedlings suitable for mechanized transplanting. The results showed that T3 (seedling age of 33 d) and T4 (seed-
ling age of 30 d) had good adaptability to transplanting machine, high seedling rate and transplanting survival rate. The
yield after transplanting reached 75.05 and 74.02 t - hm™, respectively, and the quality performance was excellent. The
comprehensive evaluation coefficients were 0.82 and 0.63, respectively. In summary, in order to promote the efficient
development of the integration of agricultural machinery and agronomy of cabbage in Liupan Mountain area, the cabbage
seedling age of 33 days and 30 days were preferentially selected for mechanized transplanting.
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Table 1 Mechanical parameters of 2ZB-2B
semi-automatic double-row transplanter

24 Parameter A Value
i 131 N <T Fuselage size/cm 9.5x10
JdiE 2 J]U~F Duckbill pliers size/cm 23%12.5
FEAT 2L Number of rows planted 2

AT PE Distance between plants/cm 30%50
JEFHRSE Planting depth/cm 4

FAE AN Transplanting frequency/(plant-min™) 38

F2 ABEURAIBHRHERE
Table 2 The efficiency of artificial transplanting of
cabbage in Liupan Mountain area

WL B2k W3R PR

_— ; The The The Number of
KIS (8] .
. R . first second third average
Testing time/10 min . . .
time/  time/ time/ transplanted plant/

plant  plant plant

PR 2 AFEFED 130 142 166 7.3
Number of plants

(plant-min™)

(2 persons working
together )

F3 REURNEBHRES ATBHEREL

Table 3 Efficiency ratio of mechanical transplanting and

artificial transplanting in Liupan Mountain area

R

PR Number of Lt
. Efficiency
Transplanting method transplanted plant/ .
. ratio
(plant- min™)
WL FE #% Mechanical transplanting ~ 38.0 5.21

N TH##k Artificial transplanting 7.3
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Table 4 Seedling parameters of cabbage at different seedling ages before transplanting

e EES . P G EViil é?‘@? e
Treatment Seedling Ple.mt Expand/cm St.em Porosﬁy of The rate of
state height/cm thickness/mm  planting holes/%  scattered lump/%

Tl 5 I 1 40 Five leaves and one heart ~ 5.24+0.48 a 19.77+£0.52 a 2.95+0.06 a 3.13 0.50

T2 5 I 1 40 Five leaves and one heart ~ 4.88+0.18 a 16.44+0.89 b 2.74+0.15 a 2.34 0.49

T3 5 I 1 40 Five leaves and one heart ~ 4.78+0.28 a 16.01£1.24 b 2.71+0.03 a 5.86 0.63

T4 5 I 1 40 Five leaves and one heart ~ 4.07+£0.20 b 14.64+0.90 be 2.35+0.14 b 391 0.54

T5 5 I 1 40 Five leaves and one heart ~ 3.59+0.58 b 13.21£2.29 ¢ 2.29+0.14 b 5.81 0.89

T6 4 Ik 1 > Four leaves and one heart ~ 2.82+0.13 ¢ 8.20+0.38 d 2.06+0.27 b 11.72 1.59

T FFIA R/ NG - BEFRORAR R ] 7E 0.05 KT 2R 8% . TR

Note: Different small letters in the same column indicate significant difference among different treatments at 0.05 level. The same below.
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Table 5 Mechanical transplanting of cabbage at different seedling ages

Ak g B3I TRk AL EREL BeriR TR

Treatment Ridge length/m Transplanted plant count/(plant-min') Total number of plants ~ Seedling stocking rate/% Transplant survival rate/%
T1 52 36 350 85.71 98.00

T2 52 38 350 91.43 97.81

T3 52 38 350 94.29 97.58

T4 52 38 350 92.86 98.15

T5 52 38 350 96.57 97.63

T6 52 38 350 94.29 93.94
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Note: Different small letters indicate significant difference among different treatment at 0.05 level. The same below.
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Fig.1 Comparison of growth indexes of cabbage at different seedling ages after mechanized transplanting
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Table 6 Comparison of leaf head and yield traits of cabbage with different seedling ages after mechanized transplanting
HO R iz Fifz Hopfate B BRRURE BRERE R .
ozt . . . e
Treat ; Central column Vertical Transverse  Globose Degree of  Single plant ~ Single Net Yield/(t-hm=)
reatmen :
height/cm diameter/cm  diameter/cm index ramming mass/kg head mass/kg vegetable rate/%
Tl 7.73+£0.50 a 17.60£0.36 ab  18.30+0.50 a 0.96+0.02 a 0.58+0.04 ab 1.90+£0.09a 1.39+£0.02a 0.74+0.03 a 79.33£1.19a
T2 7.43+0.72 a 18.43£0.21a  18.17+0.85a 1.02+0.05a 0.60+0.04 ab 1.71+£0.08 bc 1.27+0.01 bc 0.74+0.03 a 72.20+0.72 be
T3 7.23+0.81 a 16.50£0.70 ¢~ 16.17x1.00 a 1.02+0.06 a 0.66+0.03 a 1.81+0.10 ab 1.32+0.05 ab 0.73+0.07 a 75.0542.97 ab
T4 7.63+£0.29 a 16.80£0.70 bc  17.77+1.55a 0.95+£0.05a 0.54£0.04 b 1.76+0.07 abc 1.30+0.03 abc 0.74+0.04 a 74.02+£1.91 ab
T5 6.83+0.76 a 17.90£0.61a  17.20+1.21 a 1.04£0.06 a 0.52+0.05b 1.67+0.11 bc 1.22+0.09 bc 0.74+0.10 a 69.26:+5.23 be
T6 7.23+0.06 a 17.50£0.36 abc 17.20+1.87 a 1.02+0.09 a 0.55+0.08 b 1.63+0.07 ¢  1.18£0.08 ¢  0.73+£0.03 a 66.98+4.44 ¢
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N

B, o8 11231 mg- 100 g, B & =T T1.T2.T5.T6.
T3 Ab 1 AT 3 PR S & i (7.49%) , W3 = T

==}
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Table 7 Quality comparison of cabbage with different seedling ages after mechanized transplanting
- (HEEZE O CATYE AR AT R D CRHPR ED

e W T M D) W ’E. ES wCAT wAT I E‘ W [ivEn

Treatment  Soluble solids content/% Vitamin C content/ Soluble sugar Soluble protein Nitrate content/
(mg-100g™") content/% content/(mg-g™) (mg-kg"

T1 4.93+0.81 a 99.61+0.78 be 6.11+0.54 b 0.82+0.10 be 100.19+1.89 a

T2 5.47+0.12 a 88.94+6.59 d 6.71+0.84 ab 0.74+0.13 ¢ 94.02+8.48 ab

T3 5.53+0.25a 112.31£7.59 a 7.49+0.16 a 1.05+0.06 ab 88.73+2.50 b

T4 5.60+0.10 a 104.42+0.96 ab 6.20+0.18 b 1.24+0.21 a 99.75+3.37 a

TS 537+0.12 a 92.53+2.87 cd 6.13+1.09 b 1.07+0.04 ab 90.70+2.65 ab

T6 4.93+0.81 a 99.61+0.78 cd 5.63+0.25b 0.82+0.10 ¢ 97.52+6.19 ab

2.6 ARIERHENERSHFE FEHRURN a5 RRAE. - EY 2 EFIEMX, 520K
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Table 8 Correlation between morphological characteristics and yield traits and mechanical transplanting of cabbage

seedlings at different seedling ages

, Tk
I FARR -
e e o - TR HUEE iR Bk #
" T o e mm o or MR CRERCBR
fabr JEIE . Fe&  Porosity Therate  Seedling G Trans-
. Plant Stem Glo-  Degree of Single . . .
Indicator . . Expand . Yield ofplanting of scattered stocking Transplant planted
height  thickness bose ramming head .
. holes lump rate survival rate plant
index mass
count
¥R Plant height 1
E | 0.983** 1
Stem thickness
J&£ 1@ Expand 0.968** 0.948** 1
2SI 2 1=K -0.367 -0.303 -0.457 1
Globose index
BRSRE 0.625 0.636 0437  0.112 1
Degree of ramming
PR 0.890* 0.872*  0.922%* -0.665 0.467 1
Single head mass
7 Yield 0.886* 0.869*  0.920%* -0.673 0.458 1.000** 1
TR -0.846* -0.770  -0.885*  0.401 -0.217  -0.700 -0.699 1
Porosity of planting
holes
HWIEER -0.713  -0.641  -0.673 0.000 -0.313 -0.382 -0.377 0.887* 1
The rate of scattered
lump
R -0.693 -0.744 -0.694 0.643 -0.260 -0.755 -0.762 0.504 0.254 1
Seedling stocking rate
RS % 0.757  0.667  0.824* -0.242 0.243 0.657  0.652-0.894* -0.775 -0.197 1
Transplant survival rate
R AL -0.542  -0.633  -0.640  0.550 -0.049  -0.723 -0.729 0344  0.000 0.854* -0.200 1

Transplanted plant count

2 RINTE 0.05 7KP B35 FH G s *#3RIRTE 0.01 KPR E FH G

Note: * represents significant correlation at 0.05 level; ** represents extremely significant correlation at 0.01 level.
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Table 9 Comprehensive evaluation of quality, yield and mechanical transplanting of cabbage with different seedling ages

)8 B ${l Subordinate function value

FEA5 Index

Tl T2 T3 T4 T5 T6
AP E T & i Soluble solids content 0.00 0.81 0.90 1.00 0.66 0.00
4EE % C ¥ & Vitamin C content 0.46 0.00 1.00 0.66 0.15 0.12
Al RS & Soluble sugar content 0.26 0.58 1.00 0.31 0.27 0.00
AJ ¥ B 5 & Soluble protein content 0.32 0.00 0.62 1.00 0.66 0.26
TR £ & Nitrate content 0.00 0.04 1.00 0.54 0.83 0.23
X 52% Degree of ramming 0.43 0.57 1.00 0.14 0.00 0.21
B TRJF 2 Single head mass 1.00 0.42 0.65 0.57 0.18 0.00
77 Yield 1.00 0.42 0.65 0.57 0.18 0.00
727 Porosity of planting holes 0.90 0.00 0.60 0.20 0.60 0.00
HUE % The rate of scattered lump 0.50 0.00 0.50 0.50 0.50 0.00
% Seedling stocking rate 0.00 0.45 0.73 0.64 1.00 0.73
&A% G % Transplant survival rate 1.00 1.00 1.00 1.00 1.00 0.00
RSN Transplanted plant count 0.00 1.00 1.00 1.00 1.00 1.00
ZEA PN &L Comprehensive evaluation coefficient 0.45 0.41 0.82 0.63 0.54 0.20
HE% Ranking 4 5 1 2 3 6
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