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1. SRR EE A = RN FIRC L AHE Y — 2O AE 2 BhAE s
Table 1. Horticultural characters of iceberg lettuce grown with single application of different
fertilizers in ridge in autumn’

A EEY  MiftR EERE ERE O EWER BRUME BEE HP &R ol POfER

Cultivation Treatment Fertilizer —Heat Leaf R Head Head #58(* 2% EELL” Core
duration amounts weight weight Rate of  height width Head Head Core length
(days) kg/0.1ha (g) (g/60 cm®) normalhead (cm) (cm) shape density length (cm)
(%) index ratio

40" ZHE 19k 80 457.2 7.5 48.3 124 136 091 033 0.27 33

60 441.1 8.1 422 127 139 092 035 0.28 35

ZHE 43 80 415.3 7.9 46.7 123 135 091 034 029 3.6

60 384.8 7.9 433 124 13.6 092 033 0.25 3.1

ZHE 4 5% 80 400.6 7.6 40.0 121 140 087 033 0.25 3.1

60 3722 7.8 46.7 122 139 0.89 030 024 2.9

ANTEEHE 240 3947 7.6 40.0 121 142 085 031 024 2.9

LSD (p=0.05) 418 1.2 8.9 0.9 1.3 009 007 005 0.7

47" ZHE 158 60 594.0 7.2 41.1 126 138 091 047 035 44

40 494.6 6.2 44.4 119 134 090 045 0.35 42

ZHE 43 57 60 546.4 6.7 48.9 127 139 092 043 0.35 44

ZHE 4 97 60 547.7 7.0 46.7 123 142 086 042 031 3.8

ANTIEHE 240 5577 6.8 41.1 124 140 089 044 033 4.1

LSD  (p=0.05) 62.6 1.4 11.3 0.9 14 009 008 008 1.0

"EMEEE : 2016 4 11 H 6 H (Transplant date: Nov. 6, 2016) ; U40 HERUg HHE : 2016 4 12
H 15 H (Harvested 40 days after transplant: Dec. 15, 2016) ; V47 HERULHER : 2016 &£ 12 H
22 H (Harvested 47 days after transplant: Dec. 22, 2016) ; W JER > i = Z &5 & (%)
(Nitrogen, phosphorous, potassium percentage of fertilizer) : ZH 1 5% : 20-10-10 ; ZHC 43 5% :
15-15-15 5 ZAM 4 5F © 11-5.5-22 [ DL EE ERENEE 1 ZiEHT (All of the above were fertilized
in ridge one time)] ; A T BHAE : 17-6.7-8 [ 55 &5 Hi 43 = W E M (Fertilized in furrow three
times during cultivation period)] ; X BRIEI5% = BRUEE / BRFERK (Head index = Head height /
Head width) ; Y &5BREE = BERRER / [(r0 x BRAETE x BRAE{S x Bk 51K ) / 6] (Head density = [Head
height / (x x Head height x Head width x Head width) / 6]) ; Z fupobE B REH: = i, bEE / BR
& (Core length ratio = Core height / Core length) °

HREEGEERE B BN A A - JI e FERE 2 SR R KB 2 600 ~ 800 g
MR REHE FHRITE 350 ~ 600 g ZfH] + SRIGHER B RGHE FIET (hATERREE R -
AT FERRBRFRIELE 0.35 ~ 0.40 2R © - AHERTEEM IR 40 HERIGES » SRR
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47 BERRE AT 035 DUT > #UHERRE S ZEHEER 7 H (FNEMR 47 H ) BRUL > 1
BT 0.1 NEBE A 60 AR - LIS EAE (Z0E 1 5FEE) B
HEIRE - (HREE SN HE SR R E R - HeapdIRE SRR A SR 2R -
{EERARET T B AR R M A K -

2 2 RPKEER A% TIRAE I rdS R - BHIRAE ( =B ) 2 ST == R A
Bobb By 17% — 6.7% — 8% » 0.1 ANEEHHE 240 A » {HERERTE > SRR ~ ARk
FARE S BB R T SR A - N IR = JCE I AR IR A S =
PR AR RE (AR [ R B A S AR BRI UL - (B [EIRE S 2R 1) 2R
K o (iB BRI LA E i A RE R AR EREREY > BT
FALENEZ R BN LR T EEEE© -

2. GERREETE R =R ERCEL AR A A — T AR s BT 1 2 TR A3 A Y

Table 2. Soil analysis before and after fertilization in ridge of iceberg lettuce in autumn™"

FRERY JEfEE EC(1:5) pH AWHE RS AR ARdEs AR Ak

Treatment  Fertilizer (dS/m) (1:1) Organic Inorganic Exchangeable Exchangeable Exchangeable Exchangeable
amounts matter nitrogen  phosphorous  potassium calcium Magnesium
kg/0.1 ha (%) (ppm) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
SERHT 1T 0.13 6.1 1.53 25 227 47 1500 143

ZHE 1 5E 60 0.31+0.10 4.99£0.13 1.50+0.19 184196 351144 115+44  1,440+204 140%13

40 0.13£0.03 570£0.37 1.45+0.15 35% 4 321%48 86+ 4 1,511£314 127%11
R 60 0.31%£0.08 5.13£0.28 1.48+0.10 62%28 341%17 10636 1,717+414 147£19
ZHE 43 57 60 0.22£0.05543£0.24 1.38+£0.10 69% 7 354142 10637  1,657+329 142%11
ZHE 4 58 60 0.39+0.09 450£0.25 1.46+0.12 68+29 347+17 185£51 1,385£104 116110

ANTEE 240 0.16%£0.06 5.94+0.16 1.61£0.09 25+ 3 218+20 52 5 1461+ 70 143% 6

*sERET T EEEUEE HEH - 2016 4F 10 H 21 H (Soil sampling date before trial: Oct. 21, 2016) ; ¥
HEnte TIEHEE HHEA © 2016 4F 12 H 22 H (Soil sampling date after trial: Dec. 22, 2016) ; “ f
Bl SR =2 & S8 (%) (Nitrogen, phosphorous, potassium percentage of fertilizer) @ Z L
1 5% 20-10-10 ; ZHE 43 5% © 15-15-15; ZM 4 58 : 11-5.5-22 [ DL_EX AN EES 1 ZEHE
(All of the above were fertilized in ridge one time)] ; A TiBHE : 17-6.7-8 [ #IEEHA =20E
HE (Fertilized in furrow three times during cultivation period)] °

FEA FEIREFRAC I Y B — A 60 23/ 0.1 A Z AETJER®E - LUK A EHE
(ZRE 1 EGHE) 2Bt E S ERE SN EERHEAR R A2 =i (2
FEASREEHE) A R #i e & - EEREtoeER » HEp e i i 22 -
P E SRR > BT IR B S B R (K - (BEEERE B DA 53— XA
SR EEEEREREY - HSEHE (2 1 AT ) BEiEAHEERE (=
TOEAL ) HEERRAE A EE RS i el Rl ELETIR © BEPRGEER S EAE H R 28°CHY
DS PSR R RS [ THEE SR O - [HRIBE R BT ER
Rk AR R = RORL A 25.5 £ 2.7°C ~ SRR R 18.7 £ 2.5°C » HARRIA Y fem RUOR ST
RiEht 28°C » R HRACRZ S = 2 S AEHER
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FEFDKAESABRRE B - SRR B R DARE PN 5 B — AL AT =R A TS
HE > A ERDRERHE 18 50% - B EAUR A A - thabrE AT,
HEMGEABREER  DRIECE TR R - DU A & SRR 2 SEBR =~ (HRE Y
- B A PR A e $PAE 2 PP TEER B e 2 2 SR
s BEEREEEF/E— X iR 2 a5

ZAEsER B A R EESER - o — HEY R EEECA EEAC T A R E MR 2
B BT R2E O AR ER A H B RSB B 2 — K AERSEHS - =D
AL 7 2 AT A & 2 20% ~ 50% > (HEE R IL " « FEAME RS RIKEET - SR
B TR SR A R 2 SRR B - WA FIACRES - bR 0.1 AHEE
JEHEHE 120 23T ~ 60 27 R FEBHEAE 60 27 Z fA «

T IGEREUR > EMHIR 54 H & 59 HERWZ A FRIEEEREAE - BEREE S
FHE (ZHE 1 5REEHE ) & 0.1 AHEEE—KHEHE 60 A Fralaks » 5375 Ky 690.5 AFe ke
926.1 25¢ © [fE AL KPR BBl — I 60 T 4HEAE 54 H ke 59 HBRfcE Z 558k
B EAREPRINT IR 2B —ZM A 120 A 4H IR - HEEEE = BEERE B A4l
Z EE AL E(E TR 2 AR~ 50% » W EIGEE N EE— AL FTE A =B
AE - 2= #THE (2= AE 4 SR SR ) /g B EE— RIS Z s bbde - R LU E—
KMEAE 60 2 T4l FERRE AR - thEE(E B IRAH - HEHMEOR RS 1t T IR
R e B mE R - AR S ACEC IS - BRI AT 2 5
it P s ST AL I e

ZAEABRSS RIS REUR - £ =TEACRH 2 2 e — KA 2 T R I8
BB =R IR - ARCRARA 2R — XA RE R - 553
EIEF R (R ERER ) RIER - GREURIRS R 2 — XM 120 2T K 60
NTHZAN & RBIEE S EE =R HIRH - FER () SREER
S EREAC A TR R E 2 G -

# 4 R T IEAE o AR 0 138 EC (HELI S LUBIE =R HWiRdE &=
HEPREIIEAH Z R HE RS R B - (B HERAR R - A ~ 87~ SRR EIR
e EAARCRBEZEHRARRK 2 138 EC H - BEREARNKEES - SE=EUH
Z g K FE AL SRR R BT R - SBURUSEIE 60 A rdlakE - &
J@HE A 120 AR ~ @A 60 A TR - FEASMI &R maER - AlE
FISPHIRE (22HE 43 SREGHE ) Rs#iiE (20 4 SREGHE ) SRS - XEsEE s
R ERAE T A E R R R AR R AR - UEE— AR R EE TR
MR ZABES -
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3. LSRR EE AN [F =B LL AT A — ZOS AR 2 A B i °
Table 3. Horticultural characters of iceberg lettuce grown with single application of different

fertilizers in ridge in winter®

Fomgr EHEY BEREE Y BEBRE HRE O EEER BRUME BB B & ol PolERE
Cultivation Treatment Fertilization Heat Leaf J#%  Head Head #58(* 2Yy% Y E&EE”  Core

duration method  weight weight Rate of height width Head Head Core length
(days) Tt (2) (g/60cm’) normal (cm) (cm) shape density length (cm)
Fertilizer head index ratio
amounts (%)
kg/0.1 ha
547 20197 A60 690.5 8.0 74.4 144 133  1.09 053 0.21 23
B60 590.9 8.1 48.8 136 139 1.00 049 0.19 2.6
B120 640.1 7.5 50.0 129 122 106 0.58 0.19 2.4
ZHE 43 58 A60 589.6 7.5 72.8 135 119 114 049 0.17 23
B60 512.0 7.0 71.2 125 120 1.05 056  0.17 2.1
B120 628.1 7.8 77.6 13.7  13.1 1.05 0.1 0.20 2.7
20 4 97 A60 516.0 7.9 72.8 138 123 1.13 048 0.18 2.5
B60 536.1 7.8 824 133 129 1.04 047 0.20 2.7
B120 551.7 7.5 71.2 123 121 1.02 0.7 0.17 2.1
AT ZEAE C302 592.6 6.5 52.5 145 132 112 049 0.17 2.5
LSD (p =0.05) 61.8 0.5 15.0 1.2 1.3 014 009 0.02 0.6
59Y 20197 A60 926.1 7.4 71.2 145 144 1.02 0.6l 0.24 35
B60 788.5 7.4 57.5 141 146 097 054 026 3.6
B120 800.3 7.3 56.3 134 139 096 0.60 0.23 3.1
ZHE 43 58 A60 838.3 6.9 78.4 139 137 102 059 023 32
B60 782.0 7.3 77.6 132 135 098 0.62 0.22 2.9
B120 887.2 7.3 80.0 139 144 097 059 022 3.0
20 4 97 A60 682.8 6.5 81.6 128  12.1 1.06  0.69  0.23 2.9
B60 7553 6.9 75.2 133 134 099 0.60 0.22 2.8
B120 785.4 7.1 73.6 132 13.6 098 0.62 0.22 2.9
ANTEAE C302 883.5 5.3 43.8 154 128 121 0.69 024 3.7
LSD (p =0.05) 63.9 0.5 14.8 1.1 .1 0.11 0.06 0.04 0.5

S TEME HEA : 2016 4F 12 H 25 H (Transplant date: Dec. 25, 2016) ; "54 HERUZHEA : 2017 4 2
H 17 H (Harvested 54 days after transplant: Feb. 17, 2017) ; Y59 HERUSHEH : 2017 42 H 22
H (Harvested 59 days after transplant: Feb. 22, 2017); " JEl > &b = 3245 (%) (Nitrogen,
phosphorous, potassium percentage of fertilizer) : = T 1 §% : 20-10-10 ; = AT 43 5% : 15-15-
155 ZHE 4 5% : 11-5.5-22 5 A TIBHE : 17-6.7-8 » ™ HiAlE + A (RFEENEE—2 1 KA 5
B RFEHEANEE—2 1 ZEHE » C{RFR4A FHI =ZIEHT (Fertilization methods: A) partially
fertilized in center of ridge; B) fertilized in whole ridge; C) fertilized in furrow three times during
cultivation period) - * BRIZF5 8L = BRAR / BRFEZ (Head index = Head height / Head width) ;
VGEERERE = BEBRER /[(n x BRAETE x BRAETE x BRAE{E ) / 6] (Head density = [Head height / (n
x Head height x Head width x Head width) / 6]) ; * F0 £ EEE = FUOEE / BRYUERE (Core
length ratio = Core height / Core length) ©
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T4 GEEREENERH =R AERCEEHER W*Wﬁ’ﬁﬁlﬁ%ffﬁnﬁ%HU?&Z:EE%HEJJ%*H "

Table 4. Soil analysis before and after fertilization in ridge of iceberg lettuce in winter"

PRELY  BEREY EC(1:5) pH  HEE MERARE  AREEE  AREF AR Awdess
Treatment Fertilization (dS/m) (1:1) Organic Inorganic Exchangeable Exchangeable Exchangeable Exchangeable

method matter nitrogen phosphorous  potassium calcium Magnesium
JEHE & () (ppm) (mg/kg) (mg/kg) (mgrkg) (mgrkg)
Fertilizer
amounts
kg/0.1 ha
SR AT I T 0.10 5.60 2.18 — 108 70 1,699 125
ZHE 18R A60 0.58 5.23 1.99 164.8 114 54 2,257 214
B60 0.56 5.71 2.16 73.49 126 76 2,127 197
B120 0.63 6.23 2.08 184.1 118 60 2,307 226
ZHE 43 57 A60 0.48 5.86 2.08 109.7 127 98 2,411 258
B60 0.43 5.94 2.20 74.1 134 92 2,337 238
B120 0.53 6.13 2.24 160.6 136 139 2,602 256
ZHC 4 58 A60 0.63 6.12 2.34 186.9 118 136 2,385 255
B60 0.53 6.05 222 77.7 117 120 2,581 237
B120 0.55 5.73 2.04 109.7 115 169 2,458 226
AT B C302 0.76 7.16 2.28 66.4 125 43 2,815 343

VekERET TR HHA ¢ 2016 4F 12 H 9 H (Soil sampling date before trial: Dec. 9, 2016) -
Ete TIEEEE HHA - 2017 4F 2 H 22 H (Soil sampling date after trial: Feb. 22, 2017) - ¥ fEf}
2 E I = E & & (%) (Nitrogen, phosphorous, potassium percentage of fertilizer) @ Z AL 1
5% 0 20-10-10 5 ZHE 43 55 © 15-15-15 5 ZHE 4 5% : 11-5.5-22 5 A TIEHE : 17-6.7-8 - “ Jifi fi
& A RREENRE—R L KHEAE > B AR —R 1 KL CRREFHI=X
JBHE (Fertilization methods: A) partially fertilized in center of ridge; B) fertilized in whole ridge; C)
fertilized in furrow three times during cultivation period) ©

=~ ERZEHEBE— EIELLE 2 FEH R

HHE D B ARG B A EREE 5 s B R IE Y PR A [E S
A e AR AR > s AR RS RS = 2 /2R 0 thir e g B s Eh i = R A (=
A 4 5REEHE ) ZBoFE R - Wik hiHE =R a8 2 —RAREgE AR 2 (8 A RBERER )
ZHERGER -

AIEEABRERUCHAES P R S AR @ 2B AR o 2P 2 HYEME R 43 HERUL
=5 MRS ESEREUR > SRR K BB IRAN A BE Bk S N S TE MR E Y i 2 R > 58

BLEERE EREARES - BEN S0 — 2 A — AR T B 2 {5 RO =~ SRR - AHE

HE;ZA): T AE e S E AR BT « BB R e R FEE B AL RS (5 - &/
AR EHIEE T - SEREREEERAE 2 2R & #Ekd 3R A [E A B
4H (CEIE=2) fRIERE - (2 FERRILHE R E AR - TS (20 1558
&R Z EE AR AR - BAETEMRVIF®E - A THRE2 » BEERIOFE
N
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5. GERREEE A = EE A F LA A —ZOM AT B B
Table 5. Horticultural characters of iceberg lettuce grown with single application of different
fertilizers in ridge in spring ™Y

At WA Y BERRER BEH E IERER BRME BREE BRI AER PORE HudE
Treatment Fertilization Heat Leaf JEX &K ®oisE Y EELY OB
method ~ weight weight Rate of Head Head *  Head Core Core

i =z (g) (g/60 normal height width Head density length length

Fertilizer cm’)  head (cm) (cm) shape ratio  (cm)

amounts (%) index

kg/0.1 ha
=ZHE 1 9% B60 481.6 8.4 483 142 132 093 0.35 0.29 3.8
=M 43 57 B60 4497 9.3 550 143 13.1 092 0.33 0.25 33
=AM 4 5F B60 4323 8.3 50.0 144 13.0 091 0.31 0.25 3.2
=ZHE 4 5% B8O 4444 93 56.7 147 13.0 0.89 0.31 0.26 34
=1 4 5% A80 4604 8.4 56.7 15.1 13.1 0.87 0.30 0.27 3.5

43 BELETERL B6O 4447 89 544 148 132 090 030 025 3.3
4 GREE R B60 469.5 82 583 153 13.1 0.86 030 0.8 3.7
A LHAE C302 4641 94 583 146 125 086 034 027 3.4
LSD (p =0.05) 627 1.5 100 12 09 011 009 006 0.8

TEM HHY 2017 4£ 3 H 15 H (Transplant date: Apr. 15, 2017) ; Y ¢ Uz H HY : 2017 £ 4 H
27 H (Harvest date: Mar. 27, 2017 - ¥ ARl > E b # =322 & & (%) (Nitrogen, phosphorous,
potassium percentage of fertilizer) : ZHT 1 5% : 20-10-10 ; ZHE 43 5% : 15-15-15 ; ZHC 4 5% ¢
11-5.5-22 5 43 SE4EFEH0 © 15-15-15; 4 BSR4 AT © 11-5.5-22 5 A T3EHE : 17-6.7-8 « ™V Jii piE
% AREERNFE—R 1T ; B AREREANSE—R 1 TEE  C REBREFHT =X
JBHE (Fertilization methods: A) partially fertilized in center of ridge; B) fertilized in whole ridge; C)
fertilized in furrow three times during cultivation period) - * BRIZH5HL = BRARTR / BRA{K (Head
index = Head height / Head width) ; ¥ 45EREE = BEERER / [(n x BRUME x BRFETE x BRFS1Z ) / 6]
(Head density = [Head height / (x x Head height x Head width x Head width) / 6]) ; * .0 &
FEER = F 0 FE R / BRYETE (Core length ratio = Core height / Core length) -

% 6 R tasbanT R TR AR - TR EC {H - AR RS & BT SR ER4H
WM E 2R - RS & B A DI (B =) KEE—i A & E A
(ZRE 1 REGHE) &5 - HERE SR A SmEm - SEse E e rUR R 26
ARG - FE— IR AR =B = 2 - SEERER IR RS R

4 -
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Efficiency evaluation on single application of
fertilizer in ridge to substitute multiple topdressings
for iceberg lettuce production’

Hsieh, M. H., J. W. Lin, W. J. Jiang and C. Lee’

Abstract

The purpose of this study was to stabilize the yield and quality of export iceberg lettuce
production due to the differences of fertilization by various farmers. It was also to reduce the
impact of fertilizer prices and labor shortages. The research strategy was to compare the head
weight when using different three-element ratio fertilizers, which were fertilized in ridge one time
before transplanting, as compared to the control of multiple topdressings after transplanting from
fall to spring. The results showed that there was no significant difference in head weight between
fertilizing in ridge (80 kg0.1ha or 60 kg/0.1ha) and multiple topdressing (240 kg/0.1ha) treatments.
The lettuce was transplanted on November 6, 2016 and April 15, 2017, and harvested about 43
days after transplanting. The winter trial was transplanted on December 25, 2016, and harvested
after about 54-59 days. There was no significant difference in head weight between fertilizing in
ridge one time (120 kg/0.1ha) and multiple topdressing (302 kg/0.1ha) treatments. However, when
the amount of fertilizer was 60 kg/0.1ha, only in the fertilization with an equal element ratio and
high nitrogen / low potassium ratio, no significant difference was observed in head weight between
fertilizing in ridge one time and multiple topdressing treatments. The results of this study proved
that fertilizing in ridge one time could replace multiple topdressings and reduce the fertilizer
application amount by more than 50%.

What is already known on this subject?

The conventional cultivation of iceberg lettuce uses topdressing fertilizer. At present, some
farmers use slow-release fertilizer, but the price is about 8 times higher than that of the
ordinary commercial fertilizer. It is still difficult to promote the use of slow-release fertilizer in
a wide range of applications in crops with less than 2 months of cultivation.

What are the new findings?

This research has proved that the application of ordinary commercial fertilizers by using a
technique of fertilizer application in ridge with a fertilizing and furrowing machine can reduce
the amount of fertilizer by 50%. The head weight and quality of the single application were
not less than those of multiple topdressings.

What is the expected impact on this field?

The use of this fertilizing technique can reduce fertilizer expenses and mitigate the problems
of labor shortages in iceberg lettuce production for export and increase the competitiveness of
this export vegetable industry.

Key words: Iceberg Lettuce, fertilization in ridge, reduce fertilizer
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