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1. ZHERE A SRR A BB T A A 2 BEER MR bR Y

Table 1. Comparisons of controlled release fertilizers on head characteristics in winter”

EEe EBEE HERkE BRUME EREE B &5k P ol P WERT OERE
HiBE Treatment Head Head Head 458" 2Y%* & E&EEY  fE Edibility” Leaf

Testng weight height width Head Density® Core Core length Core (%) weight
Area (2) (cm) (cm)  index™ length ratio’  weight (g/60 cm’)
(cm) (%) (2

5 SRS 5926 143 164  0.88 0.30 4.1 29.1 33.4 94.4 5.5
—  AEFEAE 50%hEA 5311 14.1 156 091 0.30 4.0 29.0 27.4 94.9 5.5
H BRATHE 595 142 157 091 033 43 21.2 302 947 5.7
& LSD (5%) 259 0.3 035  0.02 0.02 0.2 1.7 2.1 0.2 0.3
¥ SEEeEHE 5804 142 16.0  0.89 0.31 4.8 34.1 33.1 94.3 6.3
= GRTEHE S0%AE 5702 142 157 0091 0.32 4.8 34.0 345 94.0 5.9
Ho BRATHRE 5069 143 153 092 029 41 29.2 263 943 6.0
& LSD (5%) 22.1 0.3 03  0.02 0.02 0.2 1.7 1.6 0.2 0.5

U SEFE H A : 103 4 10 H 22 H ( Transplant date: Oct. 22, 2014)
VERUEHER 103 4E 12 H 05 H (Harvest date: Dec. 05,2014 )
VIR S S =ERUEE / BRRE{E (Head index = Head height / Head width )
X GEEREUE = HEERE / [ (7 x BRUME x BRIRTE x BRI ) /6
= Head density = [ Head height/ ( 7 x Head height x Head width x Head width ) /6]
YO RS = U0 E 7 BRYEE x 10096 ( Core length ratio (9% ) = Core height / Core length )
‘Ol = (HERRE - Ju0EE) / #EERE x 10096 [ Edibility = (Head weight — Core weight ) /Head weight x 1009 )

2. AHERE R SRR AR T HE A A s Be AT %~ T HRAE T o3 AT 7

Table 2. Soil analysis data before and after controlled release fertilizers trial in winter””

e HETHEE EC (1:5) pH ARE IERER ARERE AR AR AR

HrBE Treatment (dS/m) (1:1) organic  Inorganic exchangeable exchangeable exchangeable exchangeable

Testng matter  nitrogen phosphorous  potassium calcium  Magnesium
Area (%) (ppm)  (mg/kg)  (mg/kg)  (mghkg)  (mghke)
£ EEIEEERT 0.17 6.22 2.09 — 106 167 2,783 220

—  EREAE 509% i) 0.8510.24 5.3610.37 2.00£0.13 90+23  102+7 131£25 2,228%214 239139
= BERATHEE 04910.12 6.00£0.36 2.08£0.08 38%26 9915 98+18 2,689+291 258116

& LSD (5%)  0.82+0.08 7.60£0.04 2224005 183196 784 93110 3417+104 482+ 7
B AR 018 6.16 225 — 97 202 3,493 491

4R AT 509 i 0.84 £0.08 6.50+0.48 2.80£0.08 92128 11816 267150 3,237+332 430%35
2 BRAMTHE 0591009 722+0.23 2.63£0.08 61+17 11614 212+ 9 3,392%267 409%15
=3 LSD (5%) 0.981+0.22 6.83£0.09247+0.10 82+30 111%7 134£39 3,277+343 396%50

Y =R ET - EEEUEE H A ¢ 103 4E 10 H 06 H ( Soil sampling date before trial: Oct. 06, 2014 )
ET% TIEEUGEH A 0 103 42 12 H 05 H (Soil sampling date after trial: Dec. 05,2014 )

[l

N

AT Ryt DRSS HEE R - IS A e A EL R B P TR e PR A @
LAt - MHEIEHEHE & - BB S LL R B bk B RN EERRAE R Y - SRR R E1THEE
FRERZ AR & - SERS AR RRAE 28 K 5090 Hi ] —4H » [ERREERERE SR E R
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EEMAH > BRREHE 5095 FHEAM L - REEEEER & Rk 1S i Ae thAZ HETHiE FH A
($EREED AU & NI DR R IGHE G HE - SRS > BRETT
TERCEEERAE 2 FEFRE R R EAEE AL - SURRIE SRR R HIARE A -

TIE D ot 2 HE TR ERBELE - KRAL S0% it AR S ke s - 35
BLARRRAC = B I AHAREL o GRFRAE 5096 FH4H B AAE & — Wk — P FH & (11.07-8.28-
9.05 kg/0.1 ha) & EERBTTHAE (48.8-22.4-16.0 kg/0.1 ha) 119 22.7% — 36.89% —
56.6% - [ELRIEAL S0% M 2 HIARMH T &8 - ERESNBMUINERETT
fiACAE - BURERREAL 509 it FHAHA DRI Vi ~ $PHERI &2 - S 2k T (K -
7 EL&RFEAE 5096 it FHAEAE —l51E » SERREERITRY 0.3 > RN BGIVE © 15
ERRERIMEA EE) - HIAAHINEZ PIIHERERR 530 A5 - FEERERFIILIHH
AU i e B i S 12 3 (3 USHE 2 BERE 2096 pr BEsBRE - H93EEKRE (524 ¢)
O BRI A E A R EIE SR HE - TR EIMERE R -
© FHAERRIERCIE B i 2 BiRER & AT M4

SER(RERY 103 FIIIMNAGEER B E (R E R AU DR BUBRaE R > R GRIRAE
509 fiti FI4H < BRE S R SRR E A L H IR RG22t OGS
iG55 BC &I - HHIRERBEHE NP 2RENY - EEEEEIRER
% NI e SR B TR R N RIS - PREREN RS E 78
“AFRRERE > HIEEEEEE - sFHEEEIC 50205 M (LRAURFHA )
EASRFRAIAL 8096 M FH4H (IEFER) 20% &) » JRIIARRBTTHEACH AT THIEEE
B o BTG R AUAT Lk P AH < B A8 R e S AT RS

SRS LRI o EER (R 4) > BUr=(ERE s AiitvaE o EEt
ML 2% {E (200 mgkg) - =FHRZ BT EFIRE - HRERIFREEER
EE e R B > BRSO ST 8 - AR EAEERE
ERERRMAR s o trat gtk 1% EC (HEHE 8BRS - SorditERe Es i e » LA
FIELECR [F R B A~ BRI -

BFN=EAE B AR RFEE - SrsslEm el R R R > #5
5~ 8 HZAIM&AZR « b » AXGERHERE = H B4 - HjfREROR97E 30°CLL
b BRIRHESTREEA R et 60 H > $2F4Y 7 ~ 8 HERIL -

BBV ESE IR 3 > GRRAE 5096 ft FHAERRAE S sl 24 » FEHER —(H5&
ZEREARERI . B 5096 5t F 40 =5l FEER R i SR REAE 8096
fit4E < (HRFEERORHEOREEIREML - =EEE S S &SRR
A - DERRBTHACMH (6.7%) fim @ SFEAC 80% S fH4H (3.3% ) Z » &&FEAL
TR FIAE (0.89%6) Heff  F SR ERRETTHACHE 2.5%AREEAR =5
1 S e A S M [ E SR A -

P ESRTARE S A G > Ve EMES I AMMEE + ERKELEAEZ
HREERE (HE 560.6 25¢ > 3 A 19 HERULHS - MERIRTZEH 30°C » HINAEERRAE
PRI ESHHER > AR R B T HEACAH Z S5 ER B TEBR R R 4E - SO FEAE
5096k 80% JittFl —4H - FTRER SRUUEE 2 B - EEGAMG HIRERRTABE - NAE 1971
SEKH BRI SR - B TERRpGH RS SR ER A E - TEBR A S8 A TR AE A b ol e

= (10)
G
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Table 3. Comparisons of controlled release fertilizers on head characteristics in spring

il alBE E HEpkeE BRUME BREEEC BRE &5ER 0 el PofE dl WERS HERE JEEE
HEE Treatment Head Head Head #5#" %y%* HE EEHLY fFE Edibility” Leaf  Tipbumn
Testng weight height width Head Density* Core Corelength Core (%) weight rate
Area () (cm)  (cm) index" length ratio”  weight (/60 cm’) (%)

(cm) (%) (®

ETERE 80% A 557.3 157 150 1.06 031 3.0 19.0 19.2  96.6 79 33
EREAE 50965 H 566.6 152 146 1.05  0.33 3.1 20.2 209 963 7.8 0.8
ERETHEE 5138 155 148 1.06  0.29 2.6 16.7 148 972 7.7 6.7
LSD (5%) 262 03 03 038 0.02 0.2 1.2 1.8 0.2 0.3 —

U G 80% A 4806 168 144 1.18 0.8 2.7 17.4 20.1 95.8 8.1 0
— 4EFEHE 5095w 4711 150 145 1.04  0.29 2.8 18.7 21.0 955 8.1 0
i BERETHE 5362 158 147 1.09 031 2.7 17.1 203 963 7.7 2.5
& LSD (5%) 26.1 1.6 03 0.12 0.03 0.2 1.2 1.9 0.3 0.3 —
5V 4EFEA 80% i 4629 134 150 090  0.30 2.8 21.1 17.5  96.1 8.4 0

=
&

4EREAE 509 KEAH 530.8 139 151 093 0.32 2.8 20.1 18.1 96.5 8.5 0
ERETHE 5204 139 146 095 033 2.9 20.7 19.7  96.2 7.9 0
LSD (5%) 27.1 0.3 04 0.03 0.03 0.2 1.4 1.6 0.3 0.4 —

TEMHE 104 401 H 25 H ( Transplant date: Jan. 25,2015) ; BRUSHHA : 104 4503 H 19 H
(Harvest date: Mar. 19, 2015)
VERE HEH © 104 4201 F 26 H ( Transplant date: Jan. 26,2015) ; R HEH : 104 503 H 19 H
(Harvest date: Mar. 19, 2015)
VERE HE : 104 4202 F 02 H ( Transplant date: Feb. 02,2015) ; R HHEH : 104 403 H 24 H
(Harvest date: Mar. 24, 2015)
VERIFS 8 = BRUERR / BRAETE (Head index = Head height / Head width )
MOEERELE =BEERER / [ (7 x BRI x BREEIE x BREETE) /6]
= Head density = [ Head height / ( 7 x Head height x Head width x Head width ) /6 ]
YRR =t O R/ BREERE x 1009 ( Core length ratio (9 ) = Core height / Core length )
‘H[EE = (BEERE — P OEE ) / BEERE x 1009 [ Edibility = (Head weight — Core weight ) /
Head weight x 10094 )

MR BTTHEALAE 2 P SEER BB (R SR RRAC - FH A > (HEEER TR R R
= HEN AT RE B R R it = B AL SUE R BT L R = A R - B sy IR AR
o P ESSTT R ECARE - Peck (1981) WIFtAFIEAMES HER G > %
B0 0 ERE B DI EEBR EE  (E A0 B R TERRE 38 4 0« TEASERE ERD B
FeREII o FACLARE R G F st BR - R EE R B TR S A Y < T AE
UIEEB B R IERE LA (Calathea) RGBT SAFR T 7 TSRS AL R FE T A AR Z |
SRLLR g e Y - RALE —H B 2 R R B THACAEN S 0.1 A BT N-P,05-K,0
737l Fy 53.94-17.82-23.40 3F > EFPEL R 2.3 1 15 SALAHEREGIEEAL 809 A4 (12.14
kg/0.1 ha) HY 4.4 1% > GRFEAC S0%0 i FHI4H (7.59 kg/0.1 ha) HY 6.78 f& - LR FEAL 80% K
509 i 412 FSPELI By 0.6 + 1 FERRIARE R BT THEACAE 2 S5EKE B THBRER R I
L FA e
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Table 4. Soil analysis data before and after controlled release fertilizers trial in spring

it BT H EC (1:5) pH AHE fEtERRE AREEE AT AR ARk
Biiest Treatment (dS/m) (1:1) organic Inorganic exchangeable exchangeable exchangeable exchangeable

Testng matter nitrogen  phosphorous  potassium calcium Magnesium
Area (o) (ppm)  (mg/kg)  (mglkg)  (mglkg)  (mglkg)
O REET T 0.63 7.48 1.57 43 320 120 3,313 376

4R TEAE 80% AT 0.73£0.22 7.14+0.13 1.671£0.10 72+33 146186 108+ 5 2,574+186 348168

= 4EFEAT 5097 0.83+0.20 7.21£0.21 1.75£0.03 64+14 13714 114+ 9 2489%156 378161
& ERAEFAE 0.73£0.09 7.6110.27 1.67+0.12 46+25 128%15 125+72 2,835+242 374+29
Y REHTHESONT 053 7.70 1.61 17 250 131 3076 442

= 4ETERE 80% AT 0.9210.11 7.75+0.18 1.50£0.05 43118 120+ 8  121%43 2,261+185 400+53
= SEFEAT 50955 0.9410.09 7.63£0.10 1.45+0.13 32+ 7 124+16 121+65 2217162 395+37
T EERETEE 0.84+0.12 7.48£0.13 1.6010.13 38%26 130 6 100+ 9 2,153+119 363+43
£V REFIHESH 061 7.81 1.69 81 263 175 3,663 462

5t

=]
[sT=}

4B 80% T 1.01£0.15 6.47+0.6 1.89£0.04 13050 146+ 6 97 9 2,922+306 402+34
SEFRAT 5090 0.79 £0.26 7.01 £0.44 1.87+0.12 97+30 147 7 104£10 2,825+124 36042
ERETHE 0691024 7221044 1.9510.13 45+15 14419 66+ 7 2,787+125 352+47

*sREGT T IEEUEE HEA - 104 4F 01 H 08 H (Soil sampling date before trial: Jan. 08, 2015 )
EEE TIEEEHED ¢ 104 42 03 A 19 H (Soil sampling date after trial: Mar. 19, 2015)
Y sEGTT TIEEUEE HEA - 104 4F 01 H 08 H (Soil sampling date before trial: Jan. 08, 2015 )
EEE TIEEEHED £ 104 £ 03 A 19 H (Soil sampling date after trial: Mar. 19, 2015)
2 BT T IEEUBE HEA - 104 4F 01 H 18 H (Soil sampling date before trial: Jan. 18, 2015 )
EEE TIEEUE HEA ¢ 104 4£ 03 A 24 H (Soil sampling date after trial: Mar. 24, 2015)

IS ERAT R 2 LIBAC T AT EER (R 4) > KRR HIRECH A
SRR ~ $5 R BRI = (Al 2 & = (FR B A SR E 2= 2 - (B DATE (103 4F)
BFFE LI FEACR S B = B e P AH B R R B T HEAC A 2 PR 2R - BIIfEnlinnl L%
EC {HE 0.5 - 5ERR 138 EC (AN FIAREEIC 2 B FH4H %2 0.74 &2 0.88 » RIRH
TTHEAEAAATEE 0.83Y « ZRGRBIARGEHIFABR FslE 2 SR FEHE 5096 2 stk 11
EC {HZJFE 0.79 ~ 0.94 - GZFEAL 809 )it F4H 2 st Baef& 138 EC {HLYFE 0.73 ~ 1.01 - HIH
TERIRHCHEZNRCETE A - (EstBaik 138 EC ELEEEEI -

HEHE BRI F SRR B i A 2 Bt T8 EC ([HIEE M RN - AIRE R EIIE
SHEREE Ryl AR > = EEE 2 SRR 3% EC {(H S 0.5 - ARINAHIEZ
a\ERAT I8 EC ([E3ERL 0.2 - FYEIAIESBRRT 138 EC HER®S - BURKAEE AT
B 509 )it FHEE > AN F— e BT IR ESER - asEns S R R R
P& R AR R 5% EC The 28 -

SIS LIRS TSR (18 1) > FE5E ol 2 SRR R R & 8 & 17 ppm
S8 — R 55 =5l %% & 63 ppm K¢ 81 ppm ° {255 i 2 SR REHE 5096 K2 8096 i FI&H
Ak 2 IEMREE 2 B Ry 32 2 7 ppm & 43 £ 18 ppm - HHR(KHYE — 5 5B = alBaithih
B2 MF B 2 SRR SRR R S R - S SlE 2 R B TTHEACAE Y E A 2 R
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0.1 N 27.72 N7 > &R AL 509 Bt 14 (7.59 kg) K 8026 f&H (12.14 kg)
B 3.7% k2.3 1% - HEME SR DEIE N RE - BRBICELRAE S e - RS
Nl 2 SRAEHE 5096 K 809 it A 4H 2 SERREEAE RN R R B1THEACAH Z FTRESRIA -

RIERRF R PRI AR [FI R BRAH < S BRI - BRREUEREEER - W EERR Ty 3R
J& R AN EESE T TR AR AT LR~ Wi 8 S5 RS E > ITEREUR » EIRERZNE
J& R SN TELRS » £ — MR —HE 2 B =R e HA - A E AR - e =
& 2 R B THEACAER ATEER Z WEERHUR /34T - TEASUER  #T s a BB RN
SRFRACIRCE ] —4H ¢ A2 B B R RRAL S0%6 At - MiiERk /e
HUBE T - AR #0 BIRE (RN AL E e 4 AR R e B(ERE
A 4R FEHE 8096 HEAEAH -

WE0%E B () =EUE: S B50%% Fee (N #)
o50%GEER( S E) DEEE(MNE) BEE#RRE(RE)
1) A a

&8 (%)

-G A—wE REZHE
A E A
1. &EEREE R EEE E A 4 FE AL A B8 17 e AT A sl B 1s < MRS & B e R 00T

Fig. 1. Head nutrient analysis data before and after controlled release fertilizers trial in iceberg
lettuce production in Spring
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R RETHACHEZ =R RS SR &EALRE A 4 - B AR -3RAET]
IMTEESR > R BT ACAEAE SRR F R A T & BB (KR R R AL 5096 A 4H B
0% MiFHAHE ¢ $ESRERE R AT Ry HEMEE =5l T3 RAE S ~ ST & B RIK AT RE (A
ZARETENFT S - INEEHE = 5lE 2B - HURBUHE R PR 4 KiEHE—
R RERE— R SR &E &5 6 H R 7.5 BEM—X - FREZERBETHAZAE
BIASREER - AR TRARERL - MR ERA - #AREER) - HHN
TR & (EVIAERTFREIGRT > BB B IRICR » TSR DR SRCR -

SR FEAC 5096 it I 4HAE = R | — Wk — $ i & (7.59-5.33-12.1 kg/0.1 ha) {&
GRTEAL 5096 fit I 4H FH B FH &2 R 2 R BT HEACAHEY 14.1 ~ 27.496 ~ WRACLY 27.7 ~
30.096 R #THELY 51.7 ~ 80.0% » ELEAEHIATR G - SRIEAC 5096 )t A 4H  FEERMEARFIR -
HEE = (EEE PR I BREIR A EE) 251 (ER/MNERBRCPYEETE 470 A7l E > 2R
JAEE Y 0.93 £ 1.05 » ATIURIERTE @ GEERBEES AL 0.29 % 033 » (IRFEINA H AN
THEBHAFK D POERELE (WERBEIRGEEE) PR 18.7 ~ 20.2% - BIE4EE
BN - BT R EES R AR > BURGRILR-FIE A B AR E R -

R

SEAEHELL 509 BRI A &K IS > DR =R Z AIHERCR > ESRRETT
FEREAHAHEE - EH B FACEIAE B i s > B AELY 72.6 ~ 85.9% ¢ BRAC K Z - 4963.2 ~
72.39% ; FRLEAK > §920 ~ 43.4% - EHBLRRBESREEACHR - &AL 50% it
HAELIE (B—1F) ARERGE 8 EC Theiss - i IAMEst s (EallEar st - 2
A 2 (e PR EEE RN RR BT - BREAEARR G DIRESEREE
HERRREE > BURRRIDRERA - SfREEic e B3 - SRic =R MtGE -
HEAE A SR m M ATRS PRI - M ISERRAE B > m] R EERE A B - (A= aHIRITR
BERUTE B IR - NIERRpEVE Rl &) HIR TRBRE - BEERI S - SKRBACIE 50% it Bl
(AR R ST H A 5090 2 8RRl » B EEHERE W -

B
A5 TS RS B AT A PR S 22 a4

HETI R BRI © SO Al EMME R R S (ErL e B e ftalia H A T AT 7 Z 2 IH R
TAERAR T B -

5| FSZRA
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Application of Controlled Release Fertilizers in

Iceburg Lettuce to Reduce Fertilizer Consumption'

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

Iceburg lettuce is the second largest vegetable for export, with an average exceeding 10,000
tons per year in Taiwan. According to the results of previous studies, using a controlled release
fertilizer can reduce the number of applications from three to one in a whole period of iceberg
lettuce cultivation, which reduces the impacts of labor shortages. However, controlled release
fertilizer will increase the soil EC and its price is higher than traditional fertilizer. To overcome
these problems, we evaluated the effects on heading characteristics and soil fertility by reducing the
application amount. Results showed that the soil EC value of a 50% application was significantly
less than those of a full application and a traditional fertilizing treatment in winter cropping.
Additionally, its average head weight was above 530 grams. In spring cropping, the soil EC
values were similar for 50% and 80% applications of controlled release fertilizer, and a traditional
fertilizing treatment. The average head weight was above 470 grams and no tip-burn occurred in the
50% application. This research has proven that the 50% application of controlled release fertilizers
can maintain the average head weight, the standard traits of sphericity and tightness, and decreased
the fertilizer consumption by at least 50%.

What is already known on this subject?

The previous research has proven that the application of the controlled release fertilizers
increased yield as well as soil EC. However, the higher cost of the controlled release fertilizers
is still the main issue.

What are the new findings?

This research has proven that the 50% application of controlled release fertilizers can maintain
the average head weight, the standard traits of sphericity and tightness, and decreased the
fertilizer consumption by at least 50%.

What is the expected impact on this field?

The impacts of the higher cost of controlled release fertilizers has been overcome by using
a 50% application. The controlled release fertilizers use can be realized in iceberg lettuce
cultivation for exportation and increase the competitiveness of the export vegetable industry.
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