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Effects of different nursery systems on lettuce seedling cultivation and

mechanical transplanting adaptability

Cao Caihong', Zhang Songyang', Tian Ya' nan', Cao Lingling', Jiang Kai’

(1. Beijing Agricultural Technology Extension Station, Beijing 100029, China; 2. Intelligent Equipment Technology Research Center,
Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract: To address the problems of root damage and slow seedling recovery in plug tray seedling cultivation for mecha-
nized lettuce transplanting, this study systematically evaluated the effects of two novel nursery carriers—non-woven fabric
nursery blocks and paper pot nursery blocks—on lettuce seedling quality, mechanical transplanting adaptability, and
post- transplant rooting. The results showed that, compared with conventional plug- tray substrate seedlings, both the
non- woven fabric and paper pot nursery blocks significantly promoted seedling growth, with seedling vigor indices of
0.002 1 and 0.001 9, representing increases of 110.00% and 90.00%, respectively. Regarding mechanical transplanting
adaptability, the root ball disintegration rates of the non-woven fabric and paper pot nursery blocks were significantly re-
duced by 13.54 and 7.27 percentage points, respectively, compared with conventional plug-tray substrate seedlings. Their
qualified transplanting rates reached 90.97% and 90.17%, which were 14.40 and 13.60 percentage points higher than that of
the conventional method. After transplanting, seedlings raised in the two novel carriers showed significantly greater root sur-
face area, root volume, and total root length than conventional plug-tray substrate seedlings, demonstrating stronger rooting
ability and rapid seedling recovery. In conclusion, by optimizing the root ball structure, the non-woven fabric and paper pot
nursery blocks significantly outperformed conventional plug-tray substrate seedlings in cultivating vigorous seedlings, im-
proving transplanting adaptability, and promoting post-transplant rooting, thereby providing an effective approach to facili-
tating mechanized seedling transplanting. Between the two, the non-woven fabric nursery block was slightly superior to the
paper pot nursery block; however, the outer wrapping material of the former (non-woven fabric) is difficult to decompose,
which increases the labor required for collection. Therefore, practical application should also take ecological, cost, and pro-
duction requirement factors into consideration.
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Table 1 Basic information of 3 types of seedling cultivation substrates

Ak B ik

Treatment Seedling cultivation substrate

JA% Specification

CK BN
Plug tray seedling cultivation

105 FL7EL, EO4E A 35 mmx35 mm, JEASN 10 mmx 10 mm, /& & 40 mm, £
IR 36 cm’

105-cell plug tray, top opening 35 mmx 35 mm, bottom 10 mmx 10 mm, height

40 mm, cell volume 36 cm?

Tl TeYifi A v
Non-woven fabric seedling block
T2 HRPRH HiLR

Paper pot seedling block

B A% 35 mm, = 40 mm, BN 38.5 em’
Diameter=35 mm, height=40 mm, volume=38.5 cm*

H4% 35 mm, /& 40 mm, 1&F N 38.5 em®
Diameter=35 mm, height=40 mm, volume=38.5 cm?

KB =02 &R BB R b 19019019,
CLE B gy S A A A IR A |1, B i 7 i J 1
22 1O AR, KV ERRREIR BE N 1%0~1.5%0
2 1 OZ 4~5 ik BT, B IR FE D 3%0~5 %00
1.3 A KIEFRNE

PR 5 30 K(2025 4F 4 A 10 HD, gi— 4T
FH ] U 2% 5 BURE , A Ak B BE AL B 5 AR A
B bk ZOML B BT R AR R T R
TR e DN 2 0 B A A v B, 2R E R
O E . FIH LA-S 2 RERLAEY 2 BT A CBL M 5 %
LR A BR A 71D X6 A 3 A i BA SR 3#E47 4
55 50 #r, s R AL (em®) PSSR K (em) VR
R (em®) ARAF (mm?) o MARFE BT FF, 5 51
PR b0 5T 5 (o) SAREE 5T & (g) , FRRs b5
AR EBLE 105 °)CAF 10 min, 75 °CHLT £ 1H Fi &,
53 0 2 i (), I L T R 5. R EE S
REF

A SO R B=R R m xR TR
1.4 HHFBRKAEE M
141 #eRnz SREERENITETES
ERMBOER . BOERR 7% A FELIE
B 50 BR B HEAT IR, AN 60 em = 5 H HVEAAVE T,
W SR B o B, BV o S R & L <<20% (1) HE
RN EASAE R , =20% [KIAE AR N BOEAE R -

B Y= T kR AU R S 81005 (D

BB/ %=R e AU R SR <100, (2)
142 BHEEFE RHMHILX AR, G0
BEMLIEH 3 3 H, H & AR R B L 2Z2Y-2A
(PVHR2-E18) (ZR WIS A AL A R A 71D #E 4T
FH R F2 R 56 , THE 55 110 em, M7 20 cm, 17 #E < Bk
#5°M 35 cm x 35 cm. B ERJE G IR AR A ER 2L
SR SR RO T T R R AR R,

T2 kA A% 28/ % = Ik i e 30 Ol AR o+ 131 4R
H-+ 1 K R P -0 0 1/ P S <100
1.5 EEEZEEALZIRERN

I3 AR EAE S 0.5.10 K, BEAN/NX
BENLIZEHL 5 RS2 2 R ARG B, W5 AR AR 1 6 ol
&, 985 KA LA-S &R B /i T R Gtk AT H
i, W AR A AR R T AR RN, R JE AR R AE
105 °CZ% 5 10 min, 75 °CHETF 2 185 i &= , W & H -+
JR
1.6 HUESHT

K WPS office 2024 R 50 F 4z AIE K 5 R
J] IBM SPSS Statistics 22.0 3k 4T % 45 2 #7 ; % H
Duncan f 56 /775 (P<0.05) #4722 B Z 0¥ .
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Table 2 Effects of different seedling cultivation substrates on seedling growth indices

Ab PR 351 EX 2R IR b A o A o
Treatment  Plant height/cm Stem thickness/cm Leaf surface area/cm’ Above-ground fresh mass/g Root fresh mass/g
CK 12.77£3.19 a 0.27+0.07 a 169.05+29.87 b 2.87£0.86 b 0.13+£0.01 b

Tl 12.60+1.47 a 0.26+0.03 a 212.26+32.54 a 4.60+0.86 a 0.18+0.03 a

T2 12.37+0.75 a 0.34+0.03 a 208.80+13.06 a 3.76+0.73 ab 0.15+0.00 ab

T R R/ NG FRERORAR R[] 7E 0.05 KT 25 % . TR

Note: Different small letters in the same column indicate significant difference among different treatments at 0.05 level. The same below.

+238-



E

B, 55 ANF) A i AN A2 B AU R 1 ) 5

X ISR 5T

E A ZE R AR E . TIT2 A F M LR
PEE T CKL B CK 70 7l 25.56%F1 23.51%
T1 AbFE 4 b5 i o AR B R 3 B T
CK, 8 CK 43738 0 60.28%#1 38.46%.

212 TRBGEHRAMSAEESG T ARR fp
B HEER 3 A, 5 CK AL, T1 A T2
Ab PR ) b5 R R A ik TR A AT N, Hb
TR E S AN T 143.59%F1 64.10% , 4 Fk T
JRE A HIEIN T 126.67%F1 57.78%; T1 Al T2 Ab#

x3 FAREBEEBANERGE TYRRBFN
Table 3 Effects of different seedling cultivation substrates
on dry matter accumulation in lettuce seedlings

AR S CK LR EER. mE 1M, 5
CK AHEL, T1 A1 T2 Kb R 4R 20 B i /L 1%
CK 43 5421 T 110.00% 1 90.00% . Hi A LLE
T A AR ER B P B A e AR K B —
ESERER , AT N+ R A R, B R T8 Ao
1, T1 ALEEARR T T2,

213 TR BAHEARNAEEDGTRZEKGHY
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T AR AR AR B B 25 v T CK, T 3 (e TE R 3 %
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Table 4 Effects of different seedling cultivation substrates
on the root growth of lettuce seedlings

g
bR - K s gl
e Hls o i R PR
Above-ground Whole plant
Treatment Root dry mass
dry mass dry mass
CK 0.039+0.01 b 0.006+0.000 a 0.045+0.010 b
T1 0.095+0.03 a 0.007+0.000 a 0.102+0.030 a
T2 0.064+0.01 ab 0.007+0.000 a 0.071+0.010 ab
0.0025 r
a
5 00020 | 1 a
2 :
o
£ 00015 f
el
b}
n b
00010 -
.\’J_\JJ_I‘
#H
H 00005 }
0.000 0

CK T1 T2
Kb PR Treatment

VE VNG SRR B IAE 0.05 KT 2R BE. FR.

Note: Different small letters indicate significant difference among
different treatments at 0.05 level. The same below.

B 1 AREEHANE MBI EERNEIT
Fig. 1 Effects of different seedling cultivation substrates on
the seedling index of lettuce seedlings

MR AR HRAKAR ISYISSS
sl

Root surface Root Total root
Treatment 5 N

area/cm’ volume/cm length/cm
CK 13.74+4.51b 0.10+0.03 b 155.89+51.19b
T1 25.92+1.02 a 0.18+0.02 a 190.42+83.28 a
T2 21.34+6.48 a 0.17+0.06 a 206.37+57.02 a

22 ARBHEIMATEFHEMBRAIEE T
ST

221 TRFHBEMAMSAESG IO F R 1T
WP A R B W EE SR, B
B S O 2B R R T U A 2 3%, 75
FeE R e . HEE S AT, 5 CK AHEL, T1.T2
Ab PRI Z S5 W R B o I FRAR T 13.54 F 7.27
B, B T1 A M EUE R B ERT T2, 8 T2 B&
KT 627 B . AREHBAENBIERERLS
—ERM, 5 CK A, T1.T2 4 H BT i E>20%
1) %y P R E 35 2 2 ek D, BB & 5 B 10%~20%
MIZ RS 3 M TE . 2 . 45 RERY,
TCLiAT FIACER T 1 B 1) e B 4 b ] 2 T R
B A R B AR AL AR i A 22 T O R, Yk D AR R 1
T A9, DT H v 40 T R BTG 26

RS TREIFEBAIERLEIT RN

Table 5 Effects of different seedling cultivation substrates on scattered lump rate

BB R HE<10.0% kR

B 5 HE 10.0%~20.0% PR %L

BOERUR S LR T 20% 030 BoeE

ﬁ:ftmem Seedling number with scattered 1 Seedling number with scattered Seedling number with Scattered lump rate
ump rate <10.0% lump rate 10.0%-20.0% scattered lump rate >20.0% %

CK 34.77+0.25 b 4.6+£0.72 a 10.03+1.88 a 20.07+3.70 a

T1 42.83+0.25a 3.9+0.30 a 3.27+0.31 ¢ 6.53£0.61 ¢

T2 39.50+0.85 a 4.1£0.10 a 6.40+0.90 b 12.80+1.80 b
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Table 6 Effects of different seedling cultivation substrates on transplanting performance %

; N NS AES UTES TS o

i E e S i
. . Laid seedling Exposed Wounded Covered .
Treatment Missed hill rate . . . Qualified rate
rate seedlings rate seedlings rate seedlings rate

CK 3.03+0.47 a 4.53+0.25 a 5.67+0.21 a 4.57+0.25 a 5.63+0.21 a 76.57+0.47 b
Tl 0.00+0.00 ¢ 1.77+0.12 b 2.23+0.15b 3.53+0.21 a 1.50+0.36 b 90.97+0.67 a
T2 1.03+0.25 b 2.07+0.25 b 2.40+0.20 b 2.73+0.32 a 1.60+0.20 b 90.17+0.32 a
FRAERLE SRR <5.00 <7.00 <5.00 <5.00 <5.00 =90.00

Standard specified indicator

13.60 H 75 50 BRF G HUMARAE AR 22K .

23 FARIEHBHENERREBRHELRFALN
A

231 TRBFHBRNAEAELIERERFE LD
W H IR T P, AR 5,10 X, T1 A
T2 HEYWREREMNRTHELH R E ST
CK, A - HHLREESR. BKIEEHES K, TL A

T2 R e i 5 40 ) 3 CK $2 & 51.11% F1 47.34%,
R J5it 2 23 Sl 3 CK 12 5y 30.77% 1 26.69% ; # %
JE 510 K, T1 AT T2 AR 6 7 & 4 5l 88 CK 12 &
30.13% Ml 52.24% , & F i & 4 7l 8 CK & &
82.33%7H1 103.20% . K B JG YA A ARER & 1o P
BHMYWEEEERRARBR, RAEYERYE
EiE.

®7 FEEEHEMERREBRERALMENT N

Table 7 Effects of different seedling cultivation substrates on root biomass of lettuce seedlings after transplanting

Lb FR A 5T 5 Root fresh mass/mg FEF i & Root dry mass/mg

Treatment 0d 5d 10d 0d 5d 10d

CK 127.00+14.42 b 150.67+5.13 b 253.33+16.26 b 5.47+0.31 a 6.37+0.45 b 8.43+0.15b
T1 153.67+4.62 a 227.6749.61 a 329.67+16.44 a 7.00+1.15a 8.33+0.60 a 15.37+0.60 a
T2 165.67+4.16 a 222.00+3.61 a 385.67+33.02 a 6.87+£0.91 a 8.07+0.15 a 17.13+0.29 a

232 TRFDEARNAERGSEERALK
ARG Hvh 2 W1, T1.T2 ALEE R R 7E
FE AR 02510 K IR R T AL AR PR A ) 2 35 KT
CK, M & (a3 TR 2 22 753 Fh B 8UA S 5 11
M BARE SR K E R EE, R T2>
T1>CK, [FIR AR PEAR R A= K dh 26 vl LA Y, CK 3
KR T T1.T2 kB, 25 L, 405K & W HA L
ifi B ERIX 2 M E BB S EEE R R A
K EA BE M EEE .

3 W4

AWEFCRGAIRTT T A A E i BARR A S 4l
AR HUBRRS B e 1 B A% 10 e 12 T T (X R
i RRWITCTAT B WG A E WA R IR

£ 240 -

TR B T, SN A B AR AR R AR A
PRAL T SEERAKIRE .
EYEAK ST HEE I, Ly g wiks
YRERE T P IS B8 0 2 (kAR S 4 e SR T AR
et EEAIAR RAK, LR YRR R, KAt
T8 o B ECE BB R B P 110.00% 1
90.00% , Wi B —F 0 F T 55 B R R KL Wi
RS Ah T . XIRTERE R, 5 U
FEE B HARLE, AR B B HE B T v s R
1) 55 BT FEE T I I A K o T AR DA R 25 i B R L
JREEEWIN . TABE YRR LR E mHLEE
AR TSR R KRG , e B3R, B4
YRR I A IR R 10.27% R R
1 7.50% . BRGESECRE SR B, ARER F v B n] R



X B&HF 5T

5571 WRLL, 55 ANF B WA AR SR E T A URS HE B 14 [ 5 1)
——CK - e Tl —6 -T2
A 70 B
7 05 a
Q
60 -
i} o 04
o 50 5}
g £
& 2
E 40 f S 03t
S 2
g 0t 20l
B g | &
= €
= 0.1 |
@ 10 =
0 . 0 .
0 5 10 0 5 10
SE FEL G B 1] TEAE S ]

Time after transplanting/d

400
350
300
250
200
150 r
100

50 r

KARHK Total root length/cm A

Time after transplanting/d

S8 L I (]

Time after transplanting/d

T ANFNG FRERORE — RHPAS R AR BEAE 0.05 7K 22 5 i 3% .
Note: Different small letters indicate significant difference among different treatments at 0.05 level at the same stage.

2 A E B @B E R BREORRE KIERH R0

Fig. 2 Effects of different seeding cultivation substrates on root growth indicators of seedlings after transplanting
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