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B1. SR—SKTEE SR H A B T S8 o0 AR e ST AR SR
Fig. 1. Appearance and structure of the Tainung No. 1 tray for the nursery of rice seedlings.
10: FLFBAEMR (board paper): 11: ¥ (drilled holes): 20: B & (plastic nursery tray): 21: TR A% A ELAB AR AR T (steeped seeds
placed on the surface of the board paper): 30:#k{t58 (facility for the greening of seedlings): 31 : KHFEEEYH (nutrient solution
absorbed by the board paper): 60: FH (rice seedlings)
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Bo. ZE—IKETERE RN LHEE
Fig. 2. Cross section of rice seedlings raised in a Tainung No. 1 tray
10: FLBBAHR (board paper): 11: {#fL (drilled holes): 20: B FE#E (plastic nursery tray): 21: FAREIE L FLIEATHRIE (steeped seeds
placed on the surface of he board paper): 30:4% L3 (facility for the greening of seedlings): 31 : JKEFEZE (nutrient solution
absorbed by the board paper): 60: FLE] (rice seedlings)

B3 ZE-TUKETERRERMERRN

g. 3. Tainung No. 1 tray and the raised rice seedlings

Ei



KIEBERE Bk 2 5

B4 SR-TUKEEER (ING 1) B{ER T EE Y (CK) ERMERA
Fig. 4. Rice seedlings raised in Tainung No.1 tray (TNG 1) and the traditional soil-contain
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1. GEPOKEE EIRAER X RS A RS ES R Z IR FRIR (1998 — L1999 —HAfE)
Table 1. Characteristics of seedlings at transplanting as raised in Tainung No. 1 tray and the traditional soil-contain “ (2nd crop of

1998 and Ist crop of 1999)

Crop Seedling Seedling Seedling Rate of missing  Seedling no.
season Cultivar Treatment height age dry wt. hills (%) after  per hill after
(cm) g/100 plant) transplanting  transplanting
Tainung 67 Tainung No. | tray 15.9 3.53 1.68 1.02a 6.54
2nd crop Check (soil) 15.8 3.41 1.67 0.15b 8.03
1998 Taikeng 8 Tainung No. | tray 14.0 3.30 1.38 094 a 7.93
Check (soil) 16.1 3.38 1.62 0.15b 8.81
Tainung 67 Tainung No. 1 tray 13.0 3.00 0.87 0.42b 7.53
1st crop Check (soil) 12.2 3.00 0.96 1.07 a 7.41
1999 Taikeng 8 Tainung No. 1 tray 11.7 3.04 0.95 0.68 a 5.63
Check (soil) 12.6 3.16 1.14 0.42 a 6.70

z: Means followed by the same letter between treatments are not significantly different by LSD at 5% level. Significant differences
were observed only in missing rate measured after transplanting.
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1.5% » FiiiRBR BB TEBI RAZHE ST mT #E B A
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1999F—HAF)
Table 2. Dry matter accumulation (g/plant) of rice plants at heading and harvest from the transplanted seedlings raised in Tainung

No. 1 tray and the traditional soil-contain “ (2nd crop of 1998 and 1st crop of 1999)

Crop Dry wt. at heading (g) Dry wt. at harvest (g)
season Cultivar Treatment

Leaf Culm Panicle Total Leaf  Culm Panicle Total
Tainung 67  Tainung No. 1 tray 147 248 129 524 118 207 406 73l
2nd crop Check (soil) 14.8 26.6 11.2 52.6 11.5 19.4 37.9 68.8
1998 Taikeng 8 Tainung No. 1 tray 22.0 347 10.3 67.0 14.7 26.2 494 90.3
Check (soil) 20.1 34.1 9.7 63.9 16.2 26.5 49.1 91.8
Tainung 67  Tainung No. 1 tray 165 311 117 593 127 242 510 879
1st crop Check (soil) 15.9 30.4 9.8 56.1 14.3 27.1 48.9 90.3
1999 Taikeng§  Tainung No. I tray 165 280 80 525 135 238 479 852
Check (soil) 18.1 30.3 8.0 56.4 17.8 26.6 42.0 82.4

z: Analysis by LSD at 5% level indicated no significant difference between treatments for all the traits investigated.
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BRERER » BE6TIRMEEHAE1998F —H1ERE34.6 £132.3 g/plant > 19994 —HAEF545.08243.3
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R®3. G TOKEE RSN L IEE AR RS R 2 R ER IR (19984 —HAVFEL 199945 —HAE)
Table 3. Grain yield and yield components of rice plants from the transplanted seedlings raised in Tainung No. 1 tray and the
traditional soil-contain * (2nd crop of 1998 and 1st crop of 1999)

Crop Panicle Spikelet Seed- 1,000-grain Grain
season Cultivar Treatment number number setting weight yield
per plant  per panicle (%) (2) (g/plant)
Tainung 67 Tainung No. 1 tray 18.0 112.8 71.9 23.73 34.6
2nd crop Check (soil) 17.4 113.3 69.2 23.65 323
1998 Taikeng 8 Tainung No. | tray 20.7 106.9 79.4 25.18 44.2
Check (soil) 21.3 107.8 77.0 24.49 433
Tainung 67 Tainung No. 1 tray 24.1 107.3 76.0 22.87 45.0
Ist crop Check (soil) 249 102.4 76.0 22.32 433
1999 Taikeng 8 Tainung No. 1 tray 18.7 111.2 86.0 24.80 444
Check (soil) 20.5 97.2 81.0 23.60 38.1

z: Analysis by LSD at 5% level indicated no significant difference between treatments for all the traits.
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Development of Tainung No. 1 Tray for the
Nursery of Rice Seedlings '

Chi-Hsiung Lai, Ching-Hsiang Yang, Bang-Hua Chen, Lit-Fu Chan,
Chih—Sheng Chen’ and Dah-Jiang Liu’

Summary

Due to the difficulty in acquiring soil for the nursery of rice seedlings in Taiwan, the search for alternative
cultural matrix was therefore an inevitable and urgent task. The newly developed Tainung No. 1 tray, using
"board paper" as material, had been proofed to be ideal for the nursery of rice seedlings. On every board plate,
holes of 0.4 cm in diameter were drilled at the spacing of 1X1 cm. By applying the hydroponic culture
method, Tainung No. 1 tray had successfully substituted for soil in producing healthy rice seedlings. Seedling
height, age, and dry weight measured at transplanting stage indicated no significant difference between the two
methods of seedling nursery. In field experiments, the rate of missing hills after machine transplanting was
higher for seedlings from the Tainung No. I tray than for seedlings from the traditional soil , yet it still
complied with the national standard (CNS). For other agronomic and yield traits investigated throughout the
whole growth course of the rice plants in the field, there was also no significant difference between the
treatments of seedlings raised from the two methods. This invention of Tainung No. 1 tray has already been

granted the patent rights by the authorities of Taiwan, Japan, and Korea.

Key words : Rice-seedling nursery tray, Soilless seedling nursery, Cultural media.

1. Contribution No. 2008 from Taiwan Agricultural Research Institute, Council of Agriculture.
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Fig.1. Plant type of hsian-tsao strain 78-T-1
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Fig.2. Growth of hsian-tsao strain 78-T-1 in the field.
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Table 1. Performance of main agronomic character and gel formation strength of hsian-tsao strain 78-T-1 under different planting
spacings in 1996 and 1997

Cane length Yield Yield Leaf Yield Leaf/ Gel formation strength
Whole
Treatment plant
(cm) (g/ph) (kg/ha) (kg/ha) (%) (gfem’)
1996 1997 1996 1997 1996 1997 1996 1997 1996 1997 1996 1997

30cm  100.3a 87.5a 481b 388a 11,071a 9,246a 505la  2,836a 424a 30.5b 155.8a(3)° 80.4b(3.5)
60cm 954a 84.0a 642ab 600a  7,648ab 7,134abc 3,420ab 2,815a 46.0a 39.2a 92.3b(3) 200.9a(3.6)
90cm 842a 76.0a 796a 68la 6319ab 541lbc 2,803ab 2415a 44.4a 453a  85.0b(3)  90.7b(3.3)
120cm 934a 758a 74la  83la 4,411b 4,949c 1,769p  2,086a 40.3a 41.4a 57.9b(3) 140.0ab(3.1)

“:"Brix are presented in parenthesis.
Means followed by the same letter within the same column are not significantly different at 5 % level by the Least Significant

Difference Test.
MR RIHEM LR & 7 i(R2) » BB AEE R RIEEBEE kTS > SAEE
11,9008k » BMRITHREEL.4 X 0.6mZfEAE T3 » BEARRIURLE - IUES RIEn HEFHA R RIE B RS R % -

]2, IIET78-T- 1M RAE RIMRBERERE T 2 BB IR R B T 4)

Table2. The mean values of agronomic character of hsian-tsao strain 78-T-1 in different planting spacing

Cane length Yield Yield Leaf Yield Leaf/ Gel formation strength
Whole
Treatment plant

(cm) (g/pD) (kg/ha) (kg/ha) (%) (gfem’)
30cm 93.9a 434.5¢ 10,158.5a 3,943.5a 36.5b 118.1ab
60cm 89.7ab 621.0b 7,391.0b 3,117.5ab 42.6a 146.6a
90cm 80.1b 738.5ab 5,861.0bc 2,609.0bc 44.8a 87.9b
120cm 84.6b 786.0a 4,680.0c 1,927.5¢ 40.8ab 99.0b

Means followed by the same letter within the same column are not significantly different at 5 % level by the Least Significant

Difference Test.
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SEEETETE -
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Table 3. Changes of gel formation strength at different growth stages of hsian-tsao strains

Growth stages(days)

Strain LSD(5%)
120 150 180 210
78-S-1 32.02.9) 72.5(3.2) 163.7(3.0) 388.8(2.9) 2139
M1 17.5(3.2) 71.6(2.9) 73.8(3.1) 37.1(3.0) ns
78-T-1 47.3(3.0) 91.4(3.0) 72.2(2.9) 168.1(3.1) ns
TYY3 29.7(3.0) 38.7(2.9) 37.0(2.9) 85.1(3.0) ns
83-S-7 31.9(3.0) 69.6(3.0) 142.1(3.3) 330.5(3.0) 96.4
LSD(5 %) ns ns 71.7 282.7

“ :"Brix are presented in parenthsis.
Yiat bloooming stage.

ns: non significant.

T4 (BN E] i RN F GERR U 2 BRI AT R L

Table.4 Changes of gel formation strength in different storage period of hsian-tsao strains

Storage times (months)

Strain LSD(5%)
0 6 9

78-S-1 38.4(3.1)z 322.0(3.0) 66.2(3.1) 109

M1 33.4(3.3) 185.2(2.9) 71.2(3.3) ns

78-T-1 40.4(3.0) 108.4(3.0) 44.6(2.8) ns

TYY3 38.0(3.4) 30.8(4.0) 42.2(3.0) ns

83-S-7 55.3(3.5) 16.6(3.0) 38.93.1) ns

LSD(5 %) ns ns ns

% “Brix are presented in parenthsis.

ns: non significant.

I\ ~ FiHERE S
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B IR AR B LB o
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W AT 2088k o AR R E — ARG 28593.7% » 5 _HF100% » 55 =H1£599.5% » 57U
F5100% > FTHAE91.3% » N HARIE AR RINE45.6% » B » TTA178-T-1 %R 2 R 2 1T
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Table 5. Comparison of rooting percentages in cuttings of hsian-tsao strain 78-T-1 grown at different propagation times in 1998

Time Total Rooting Time Total Rooting
of cutting percentage of cutting percentage
propagation number (%) propagation number (%)
Feb.2 208 93.7 Mar.14 208 100.0
Feb.16 208 100.0 Mar.31 208 91.3
Mar.2 208 99.5 Apr.15 208 45.6

(NFE)H 2 % BEIZREFRTER » THIE - Ri R SRS B L EAN  AEEFH78-S-1 ~ M1 »
78-T-1 ~ TYY3&83-S-73 5 A mMEl » SR HRERAEOMZMRBZELHEBEEE » O
FERBEWIS-TIMAED CLREBE S ER17.7% » ERPB78-S-15M% » MEEE SR it 5E83-5-7
ml R (3K6) °

|6, IEARE] R 2 S B & & L

Table 6. Comparison of poly-saccharide polymer content among different hsian-tsao strains

Strain Poly-saccharide polymer content( % )
78-S-1 18.0a
M1 13.2b
78-T-1 17.7a
TYY3 15.8a
83-S-7 12.0b

Means followed by the same letter within the same column are not significantly different 5% level by Least Significant Difference
Test.

+  EREBERERH T MREIE
AR AR B A RIBIER - fEBINHREEENEE - REEEE L 0ERERB AR
FRERZH > HBE » Th{fiRobackMIGryglewski K" Z 77 I E & S R IGBR B a8 00U » MRS &
2 MERERE AR TR RSRE - HhLl78-T- 1553 5E91.5% &5 » 7 DIFEE 50 83-5-7 ~
83AC6 ~ 83ACI2K83ACISH R (ET) »
K7 AMIETR G5B 2150 B E R T ROR L

Table 7. Comparison of scavenging activity on superoxide anions among different hsian-tsao strains

Strain Scavenging activity on superoxide anions (%) Strain Scavenging activity on superoxide anions (%)
83-S-2 90.6ab 83AC12 88.2¢

83-S-6 90.0abc 83AC15 89.5bc

83-S-7 88.3c 78-T-1 91.5a

83AC6 89.2bc 78-S-1 90.6ab

Means followed by the same letter within the same column are not significantly different 5% level by Least Significant Difference

Test.

+— ~ WEREERR A DT
A EERUA BRI HT (AN 8) R » B RAKIAA it RO AE 78-T- 15 % (AR KA BREE K
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Table 8. Analysis of production cost and revenue for hsian-tsao (NT$/ha)

Item Amount
Inputs
Cutting fee 59,500
Land-preparation 20,000
Weeding fee 45,000
Chemical fertilizers fee 6,072
Fertilizer application fee 45,000
Irrigation fee 25,000
Harvesting fee 90,000
Land rentting 30,000
Sub-total 320,572
Output 750,000
Net profit 429,428

fete (RS 2 B - (ERENEIEE 9 A U & T 329,000k » LA199STE R mifHE & 50 tat B
s RIS ALEFRIN G £750,0000T » HIBRTE AR A320,5727C » HIRURE 55429,428 T ©
FAERAEERAT » FEEE59,5007T(57Tx11,9008F) ~ B ith K {ElE 20,0007 ~ BRE TEES
45,0007C(1,5007Tx30Z L) ~ MEKIEE6,072 7T (il $Z 184 7Tx 17,56 ~ LS5 1367Tx12.56 ~ @ALHT
1927Tx68) ~ fEAEZE £545,0007T(1,5007Tx302 T) ~ HEREER F £525,000 T (HEIE 12K T-&4,0007C » HE
1,0007C * #157K) ~ WHE KMz T.%90,0007C K - HuFH $:30,0007C5% o ZFf » U5 R iiges T &I 2 AR
AK228% > KL > AR AR A - 1B R R IEE MR MR BBt s (E R AT » Hfh
REASHIVERE T - v] s R ROE v] s (S Al - HIeT = 2 ZHEE T - R 8 & i prfdifig
Z TG SRR AR L o PR A St 5 R A A 2 B TE4,800-6,0008 FF R > HLME B AN R A 78-
T1f5% °
+Z - fimiEC E B BT
TR A » FRRAL G ~ MERH - EAEMEY » #R5.2cm ~ FEE2.7em » BERKUE ~ EH
Je o FEEEERE ~ SRR o BRI ERELSRE SRS RIEERS - BT - 7B
B EMEAERMBISORAAL » HIt - REFENABEAR » JLUAEE+ A VGE - 14T
R RZIRVEZETR S o TN EFERIE9,000kg L | o HEFE §3%#3,000kg /o 45 » SE ER iR b AR5 -
bR REAE o A B REA o T R KR AR IR » EIER IR -
= BIEFEFHE
()BT« MRG0 - B R o] 28 A R E AR PSR A (1 B 88 - Jae i 35 5 HE A 1) 2 ] »
11-12F G TEREBTRR - FRAAE RS MM R - 722 2-3 A R S BT e S A A » BRIV EIRIG - &5
FAAHH E B2 BB AR 0 - 1-2 7 SIS Bk S 2 I RR > SR AT B » (B AR 2 Rk
BT ARG DUV © TEREREEAE 12 A rh Rl T o FRIERIE R A AR A - RE SRR EIE R
HEAE o P nTHECR iR 2 (B RAEE » A58 -
(Z)ifEh - R ELEEOK AR ER » SR E DL E 2R E K (@ A L2 1 > FIRE
FREMAERE » AR S B AU > BRBEZREBEE TERTE > Wit - EHERG
AR R VAR Z AR AE o
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Development of Hsian-tsao Variety TARI No. 1'

Min-Fu Hu®, Sin-Yie Liu’, Shu-Chin Lo’ and Hung-Shung Lu’

Summary

A new hsian-tsao (Mesona procumbens Hemsl.) variety ‘TARI No. 1’ was selected from Tunglo at Miao-
Li county by Taiwan Agricultural Research Institute of the Council of Agriculture. A clonal selection method
was used to select from a population of 3,600 since 1989. A new clone was selected by its better agronomic
characteristic performances through varietal observation test, comparative test, regional test and quality
analysis. Variety of ‘TARI No. 1’ was released to growers in September 1999 as a registered new cultivar with
many outstanding characteristics. Variety of ‘TARI No. 1’ belongs to a runner and leafy growing type. The
cane color is pale purple with short and sparse pubescences on it. It has a pale green ellipsoidal leaf shape
with medium dentation on margins and leaf size is about 5.2 cm in length and 2.7 cm in width. A growing
duration of 180 days from transplanting to the appearance of flower buds, is needed for vegetative growing
according to the results of varietal observation. The highest yields of whole plants or from leaf only are up to
10,000 kg/ha and 30,00 kg/ha according to the regional test, respectively. A strong gel formation strength of
30.2 g/cm’ and a high scavenging activity on superoxide anions and of poly-saccharide polymer content in leaf
extraction, 91.5% and a 17.7%,respectively, are obtained from fresh harvested plants of “TARI No.1’. Variety
of “TARI No. 1’ is adapted to the middle and southern part of Taiwan and in the Hsin-Chu area.

Key words : Hsian-tsao(Mesona procumbens Hemsl.), Clonal selection method,, Gel formation
strength, Poly-saccharide polymer content, Scavenging effect on superoxide anions.
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Table 1. Definitions of 21 morphological traits included in the multivariate analysis

Code Characteristic definition
Cc2 Primary leaf length (cm)
the average of ten leaves
C3 Primary leaf width (cm)
the average of ten leaves
C5 Growth habit
1=Erect 2=Semi-erect 3=Spreading
C6 Lodging
1=None 2=Slight 3=Moderate 4=Severe 5=Very severe
C7 Plant height (cm) at flowering in spring
the average of ten plants
C8 Plant height (cm) at flowering in fall
the average of ten plants
C9 Plant height (cm) at maturation in spring
the average of ten plants
C10 Plant height (cm) at maturation in fall
the average of ten plants
C13 Leaf pubescence density
0=None 1=Few 2=Moderate 3=Many
Cl14 Leaf pubescence length
1=Short 2=Medium 3=Long
C15 Days to flowering (50% of plants) in spring
Cl16 Days to flowering (50% of plants) in fall
Cl18 Number of flower clusters per plant
the average of ten plants
C22 Number of pods per plant
the average of ten plants
C23 Pod length (cm)
the average of ten plants
C25 Pod pubescence density
1=Few 2=Moderate 3=Many
C27 Pod pubescence length
1=Short 2=Medium 3=Long
C28 Days to maturation (50% of plants) in spring
C29 Days to maturation (50% of plants) in fall
C30 Seeds per pod in spring
the average of ten pods
C31 Seeds per pod in fall

the average of ten pods
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Table 2. Eigenvalues and proportion of the variability explained by each component(or factor) from the principal component

analysis, principal component factor analysis and maximum likelihood factor analysis

PC Principal Component Analysis Principal Compop ent Factor Maximum Likelihood Factor Analysis
or Analysis
(FC) Eigenvalues Proportion Cumulative Eigenvalues Proportion Cumulative Eigenvalues Proportion Cumulative
1 4.61 0.22 0.22 4.61 0.22 0.22 11.51 0.51 0.51
2 3.15 0.15 0.37 3.15 0.15 0.37 6.71 0.30 0.81
3 1.59 0.08 0.45 1.59 0.08 0.45 2.50 0.11 0.92
4 1.40 0.06 0.51 1.40 0.06 0.51 1.25 0.06 0.98
5 1.27 0.06 0.57 1.27 0.06 0.57
6 1.02 0.05 0.62 1.02 0.05 0.62

PR ) (BNER D ERIN ) o 8 SOk R A S TS, 363 134k AR IR T2 1B MR 8 2 2 RE A BB AR (2
BE o MAELMWIRRNRK FBEEMRE - 55— B2 R A 72 F A ik S AE U E R 2 LB REME AR
MRt MR E R RS - RREIT ER SR FAigmiBz&ks (KF) ERIS RS
BHEHAR/ » BN RERTIEA e 288 - RILEE A TOBEE) B Eks (SRT) -
{ESE R AR L T BEAE 1 2 R ML BRI R AR A B A B 28E R R F A AR 28 (R T i — M B R AR SRR
RS » PR R 2 B - SRR RSB SR AR A e C AR T o FCHRBFAY E 2L 85 » 27 [FE 8
BEOBIE TIEHZ I ILIE EE K E (not share primary common gene pool)] ZIEI T » MEIREIEE
BRI MHREYE - LIRS —MIRER 2 & B R R R AR R AR R o I R A 1) -

(HEF BB S E R AR I ETEE T IR AR A AR > IR 2EE S BHERA - &
(g M HIGS 5 R 5 2T SUR BRI RR” - MELTZBEETEFEES RIS - LHR
FETEHE A BT RE E TR FUCERE - AWTFTERE R —(HEE 55 B EEE5 | it REPIE &
PEARFEIFHRAAR R » DURRE AR RE R 73 BEREGHS - [ER U B AHBME DTS R - B EEE L 8
SHHCERRIE o (MBS B AR FET S R TR Fes s - thaEsia IR E R ™ -

FRERA T RERR 7 #1ik (R EBTE R IE R K F(common factor) B BEA F-(specific factor)E £
HRE AR B T A1 BT —RE DL 2 (likelihood function) » #R7% P LU A ] BEZS it 81k LUK 1S BR BRI
—FER IR o SRS REER (FR2)  FIF G RS (E R BN R929% 1) 2 e R iR &
MHER £ AR F A RR S EERENS - #HHLE R A RATTEEZER F /it nl 82 B ilist
BHEUE _EOR 15 52 E BB ATk (B E B R 7 o Wik Al DU B B s By 2 R L 8 75 5 % B LT
| AT o ZMIRTERARTREAR N A4 2 #i =R+ 09K F &8 &4a0£3 » HohE 1R+
WE RS REREREES 1% (R2) » LWAERCUEYAEERCHZAFE#mMERA (K3) F2l+
(I R B RR30% (3R2) » LARKIEREEN 0 B(C29) BRKEREAE H B (C16) 2 N T #i i B#A (5%
3) 3R TEERI B ERERES 1% (F2)  LIBEIEHEHEC15S)EEEREERC)ZR TR
WK o HAS HER A T REZRR £ iTiE AT S MRS 2L 1R > S MEIRTESS L ~ 2~ 3IRF LR 74K
TR - 2 H{EZRMER T RUWATEZ REE ~ BAHE -~ FITE QB BAER B S MEIR B A
IR BEEIR % BT RSB ERR B K o AHFSE 24k SRR EE A i K AT REZR K 1 Wik BT {5 il = (8 X
A 72 [ L AU A E 1 o R A R o A LR AR A R (R AR L B A2
P 1 e B2 BiflE vl & R T& S B IUEE - B HhAeEanEREE 7% » BrER
AR R 2 A% DR - (TR s B BOTAT I o RIS TE B AR B 3 L RE AR IR AT 0 BE 4T - 51D
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Table 3. The factor loadings of each trait on the first three rotated factor from maximum likelihood factor analysis

Rotated factor loadings

Traits
1 2 3
C2 0.86 -0.03 -0.04
C3 091 -0.08 -0.01
C5 0.13 -0.06 -0.13
C6 -0.16 0.34 0.02
Cc7 0.23 0.15 0.56
C8 0.16 0.14 0.20
C9 0.10 0.44 0.31
C10 -0.02 0.44 0.21
Cl13 0.18 0.01 0.08
Cl4 0.14 0.06 0.11
CI15 0.13 0.27 0.90
Cl6 0.02 0.65 0.37
C18 -0.16 0.03 -0.05
C22 -0.13 0.01 0.03
C23 0.55 -0.03 0.11
C25 -0.15 -0.13 -0.10
C27 0.07 -0.03 -0.01
C28 -0.07 0.40 0.49
C29 -0.07 0.94 0.25
C30 -0.02 -0.02 -0.01
C31 0.09 0.18 0.07

Factor 3

B 1. 53630k MR {E R A AT REZSIRI 73 4 2 il = {181 Pl Lo Al -

Fig 1. Scatter diagram of 5,363 mungbean accessions on the first three factor axes of maximum likeliood factor analysis.



32 FREELREEINZE  BR498 1A 2000

4 .
2
o~
=
=3
T
@
w
04
24
3 2 1 0 1 2 3 4
Factor t ”
4 |
: .
T Y Soa.
..:. el
24
Ll
S
T
o
w
0-
-2 r
-3 2 1 ] 1 2 3 4
Factor 1
4
2
©
pis
=3
T
<
w
0
2

N
o 4
N
&

Factor 2

2. 5,363k ERRFAL I K AT REAS R 73 T = (R 2 A R s A B ] o
Fig 2. Scatter diagram of 5,363 mungbean accessions on the two factor axes of the first three factor from maximum likeliood

factor analysis.

MAERC R 2 B > DIBGERE R E AR OIEE -

i B LRk SRR IR RE IR & AR TEAS 2 TR A R A R AT B B o9 TR
I ERAR - SRR VBERERIINER D (H+) RAEZFEE SRS WREMEIRN 2 RS
I8 A TR R A R i ML 0 B RS IFF - i L & B0 VB M MR 2 IR R BB A 1 L B 1T 3 BE T
(cluster analysis) ° Lot » E[ZE IR A ATREAR K 74 KIS K BR324 > BEATIH R REMEAR % 1k
AR LRE 2 R LG ER - r] (2K92% < RIS AR - (H{E15H R B a2 - Smtme



Lk SR R T RS R 2 A v 2 B 9 33

BUfiE_E RS SE MR A L 5 20RAS 5 FH B T 25 8 PR 72 SR AR 43 BEE SRS LI
PRI - A8 AR R LAk SRR IR RERS % R M Z I JRRE B FERACEAT R 2 BESRNG RS » e
IS LA B IR 5 2CEAT 0 BT > DUR B e SR IR T B A A L S B 2 B
(1) DI & i MESMEER 2 IR AR B B T D REHT -
(2) LUBK RTREZSIR - T A 5 Z B3R F > s AR T80 Bl A B R T 2 BEA T

i

ASCRRA IR BEREYI T 72 B B 6 KRB R YU B S MR E » WA gk o0 F ok e S 4
I B EEAERR IR R - BB -

$

=+
aily

SRS RR

LIRBAZK © 1998 = BFISBEAH - SUNBEESIERAT o L - 419-5005 o

2K 0 1988 © HBIAGHTHA T - AEHERRF o L 0 289-385H o

3B A~ BE R AL - BRERAE o 1998 o R TREIFOMIMEIRE IR S B o HEEEREERITE 47 ¢ 108-124 o

4. ML © 1995 ° SAS BT o MBI B HIRAF o SAL © 343585 o

S5FRTAE o 1994 ° ZITHEHAHTTEEIER - BB ERMERAR - &4k - 100-154H -

6.Basigalup, D.H., D.K. Barnes, and R.E. Stucker. 1995. Development of a core collection for perennial Medicago plant
introductions. Crop Sci. 35:1163-1168.

7.David, C.S.T., YK. Huang, and Y.L. Chen. 1989. Germplasm catalog of mungbean [Vigna radiata (L.) Wilczek] and other
Vigna species. AVRDC. Press, Tainan. III pp.

8. Fernandez, A., R.E. Schutzki, and J.F. Hancock. 1996. Isozyme and morphological variation in a Cornus florida L. provenance
plantation representing geographically diverse populations. J. Amer. Soc. Hort. Sci. 121:225-230.

9.Fernando, W.M.U., M.D. Hayward, and M.J. Kearsey. 1997. Isozyme and quantitative traits polymorphisms in European
provenances of perennial ryegrass (Lolium perenne L.). Euphytica 93 : 263-269.

10.Frankel, O.H. 1984. Genetic perspective of germplasm conservation. pp. 161-170. In : W.K. Arber, K. Limensee, W.J. Peacock,
and P. Stalinger (eds.) Genetic manipulation : impact on man and society. Cambridge University Press, Cambridge.

11.Hillig, K.W. and A F. Iezzoni. 1988. Multivariate analysis of a sour cherry germplasm collection. J. Amer. Soc. Hort. Sci. 113 :
928-934.

12.Jana, S. and K.B. Singh. 1993. Evidence of geographical divergence in kabuli chickpea from germplasm evaluation data. Crop
Sci. 33 : 626-632.

13.Johnson, R.A. and D.W. Wichern. 1992. Applied multivariate statistical analysis (third edition). Prentice-Hall Inc. Press, New
Jersey.

14.Perez-Gonzales, S. 1992. Associations among morphological and phenological characters representing apricot germplasm in
Central Mexico. J. Amer. Soc. Hort. Sci. 117 : 486-490.

15.Robert, T. and A. Sarr. 1992. Multivariate analysis of recombination between wild and cultivated genomes within the primary
gene pool of pearl millet (Pennisetum typhoides). Genome 35 : 208-219.

16.Rouamba, A., T. Robert, A. Sarr, and A. Ricroch. 1996. A preliminary germplasm evaluation of onion landraces from West
Africa. Genome 39 : 1128-1132.

17.Singh, S.P.,, J.A. Gutierrez, A. Molina, C. Urrea, and P. Gepts. 1991. Genetic diversity in cultivated common bean:II. Marker-
based analysis of morphological and agronomic traits. Crop Sci. 31 : 23-29.

18.Souza, E. and M.E. Sorrells. 1991. Relationships among 70 North American oat germplasms: I. Cluster analysis using
quantitative characters. Crop Sci. 31:599-605.

19.Stalker, H.T. 1990. A morphological appraisal of wild species in section Arachis of peanuts. Peanut Science 17:117-122.

20.Stanton, M.A., J.McD. Stewart, A.E. Percival, and J.F. Wendel. 1994. Morphological diversity and relationships in the A-

genome cottons, Gossypium arboreum and G. herbaceum. Crop Sci. 34 : 519-527.



34 FhEERLEEISE 5549 1M 2000

Structure Simplification for Morphological

Diversity in a World Germplasm Collection of

Mungbean (Vigna radiata (L.)Wilczek) '

Shu Chen’, Cheng Chen’, Ming-Jen Fan® and Samson C. S. Tsou’

Summary

The objective of this study is to simplify the structure of morphological diversity within the world
collection of mungbean. In this study, total of 5,363 accessions were analyzed. Twenty-one morphological
traits comprising fifteen numerical traits and six coded traits were evaluated. The multivariate analysis for
structure simplification includes principal component analysis, principal component factor analysis and
maximum likelihood factor analysis. The results of principal component analysis and principal component
factor analysis showed the first six components (factors) only accounted for 62% of total variation. It is
evident the structure of morphological diversity could not be reduced to few independent composite index with
principal component analysis and principal component factor analysis. As for the result of maximum
likelihood factor analysis, the first three factors could account for 92% of total variation. Therefore, the first
strategy for successively clustering mungbean collection is to conduct the cluster analysis based on total 21
morphological traits. The second strategy is to conduct the cluster analysis based on 3 retained factors from
maximum likelihood factor analysis or important traits with high factor loadings.

Key words : Mungbean,Germplasm,Morphological traits,Genetic diversity,Multivariate analysis.
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Fig.1.Growth of different lactic bacteria during fermentation.
Lm = L. mali, Lb = L. brevis
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Fig.2.Change of glucose content of melon juice during fermentation.
Lm = L. mali, Lb = L. brevis
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Fig.3.Change of sucrose content of melon juice during fermentation.

Lm = L. mali ,Lb = L. brevis
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Fig.4.Change of titratable acidity content of melon juice during fermentation.
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Table 1. Change of organic acid contents of melon juice before and after lactic acid fermentation

Organic acid Unfermented Melon juice fermented with

Yo(Wt/v) melon juice L. brevis L. mali L. brevis and L. mali
Citric acid 0.22 0.33 0.19 0.21
Galacturonic acid 0.116 0.037 0.065 0.069

Malic acid 0.36 0.32 0.31 0.27

Oxalic acid 0.05 0.04 0.05 0.05

Pyruvic acid 0.037 0.028 0.035 0.032

Lactic acid - 2.89 1.47 i 2.89

Acetic acid - 0.72 1.33 0.79
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VR ~ TFRIZ 0 1991 - RAERERE T o Rl TR @ BriT -
CEREE S R~ EHEE o 1986 o SETE NN T LB FC-SE 7S R NG SO FRE T 2 o RARTHER 13(3.4):130-142
10. Chen, K.H., R.F. Mcfeeters, and H.P. Fleming. 1983. Fermentation characteristics of heterolactic acid bacteria in green bean
juice. J. Food Science 48:962-966.
. Chen, K.H., R.F. Mcfeeters, and H.P. Fleming. 1983. Complete heterolactic acid fermentation of green beans by Lactobacillus
cellobiosis. J. Food Science 48:967-971.
12. Costilow, R.N., and P. Gerhardt 1983. Dialysis pure-culture process for lactic acid fermentation of vegetables. J. Food Science
48:1632-1636.
13. McFEETERS, R.F., R.L. Thompson, and H.P. Fleming. 1984. Liquid chromatographic analysis of sugars, acids, and ethanol in
lactic acid vegetable fermentations. J. Assoc. Off. Anal. Chem. 67(4):710-714.
14. Montelongo, J.L., B.M. Chassy, and J.D. Mccord. 1993. Lactobacillus salivarius for conversion of soy molasses into lactic
acid. J. Food Science 58(4):863-866.
15. Teng, Y.X., T.R. Chen, and S.H. Jaw. 1998. Studies on preparation of avocado lactic beverage. Handbook of Chinese Institute
of Food Science and Technology 28th p.223.

O 0 N N L S



LB SRERH I 2B 5T 41

Studies on Lactic Acid Fermentation of

Melon (Cucumis melo L.) Juice '

Shu-Hui Yang’ and Po-Jung Chien’

Summary

In Taiwan, the melon was usually discarded during the later harvesting period, on account of lower sweet.
The purpose of this research is using tropical fruit to produce a new lactic acid fermented beverage. Melon
(Cucumis melo L.) juice was fermented with pure culture of Lactobacillu brevis or L. mali or both at 30°C for
96 hours. During the fermentation period L. brevis showed growing rapidly in the earlier time, and L. mali
grew lively in the middle stage. Analysis results indicated that, glucose content decreased 45.5-51.3 % in the
fermented melon juice, which was inoculated with single-culture or mix-culture. Sucrose content decreased 0.1
%(wt/v) in the fermented melon juice by L. brevis, and decreased from 4.63 %(wt/v) to 0.05 %(wt/v) by L.
mali. The lactic acid content (2.89 %(wt/v)) fermented by L. brevis in melon juice was higher than that by L.
mali (1.47 %(wt/v)) significantly. On the other hand, acetic acid content in the fermented melon juice by L.
mali (1.33 %(wt/v)) was higher than that by L. brevis (0.70 %(wt/v)). Results of preference test indicated that
the melon juice fermented with mix-culture, then prepared with fresh melon juice and adding sucrose to 12

obrix could get the best acceptability.

Key words : Melon juice, Fermentation, Pure-culture, Lactic acid.
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Table 1. The changes of colonization rate of A. houstonianum after the first herbicide treatment
Colonization
Treatment Pretreatment 7 days 14 days 21 days 28 days 60 days 74 days 90 days 104 days
%
CK’ 80.0" 80.8" 54.7 85.7" 93.8* 81.3° 92.7° 88.0" 90.0°
BMB 73.4° 80.2° 56.6" 79.1° 88.5° 76.7° 87.0°
DBD 78.5° 68.0° 48.6' 76.7° 87.4' 79.0° 86.3"
IPG 79.4° 55.0° 11.2° 20.9° 28.0° 87.7° 96.3° 85.7° 90.3"

* CK: Control; BMG: Bensulfuron-methyl benzoate; DBD: 1,1-Dimethyl-4,4-bipyridylium dichloride; IPG: Isopropylamine salt of

N-phosphonomethyl glycine.

**Means in columns by the same letter are not significantly different (P=0.05) according to Duncan's multiple range test.
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Table 2. The changes of spore population in the rhizosphere of A. houstonianum after the first herbicide treatment

Spore no.
Treatment Pretreatment 7 days 14 days 21 days 28 days 60 days 74 days 90 days 104 days
spores /50ml
CK’ 873.5" 397.6' 873.5' 406.0° 343.2° 446.0° 663.7" 850.3" 627.0"
BMB 648.7° 310.6' 648.7" 337.1° 412.2° 350.0° 641.7°
DBD 523.2° 254.1° 523.2° 594.1° 490.0° 428.3° 937.7°
IPG 766.7° 228.3" 766.7* 298.0° 327.8° 324.3° 605.3" 460.7° 625.7"

* CK: Control; BMG: Bensulfuron-methyl benzoate; DBD: 1,1-Dimethyl-4,4-bipyridylium dichloride; IPG: Isopropylamine salt of

N-phosphonomethyl glycine. —

**Means in columns by the same letter are not significantly different (P=0.05) according to Duncan's multiple range test.
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Table 3. The changes of colonization rate of A. houstonianum after the second herbicide treatment

Spore no.
Treatment Pretreatment 7 days 14 days 21 days 28 days 42 days 70 days 85 days
%
CK' 76.3"" 68.3" 87.0° 91.3* 92.3° 76.7° 30.0° 62.3°
BMB 62.7° 70.3" 89.0" 95.0° 93.7° 73.7° 3.7 50.7°
DBD 747 73.7 87.3" 93.0' 92.3" 79.7 32.3° 52.3
IPG 56.0° 64.7° 77.3° 83.0° 71.0° 59.0° 9.67" 61.7*

* CK: Control; BMG: Bensulfuron-methyl benzoate; DBD: 1,1-Dimethyl-4,4-bipyridylium dichloride; IPG: Isopropylamine salt of

N-phosphonomethyl glycine.

**Means in columns by the same letter are not significantly different (P=0.05) according to Duncan's multiple range test.
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Table 4. The changes of spore population in the rhizosphere of A. houstonianum after the second herbicide treatment

Spore no.
Treatment  Pretreatment 28 days 70 days 85 days
spores /50ml
CK* 463.3" 445.7° 650.3° 345.7°
BMB 284.3"° 563.3° 401.7° 273.7°
DBD 452.0° 479.3° 482.3"° 344.7°
IPG 3353" 291.7° 388.0° 194.7°

* CK: Control; BMG: Bensulfuron-methyl benzoate; DBD: 1,1-Dimethyl-4,4-bipyridylium dichloride; IPG: Isopropylamine salt of

N-phosphonomethy] glycine.

**Means in columns by the same letter are not significantly different (P=0.05) according to Duncan's multiple range test.
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Fig. 1. Colonization change of A. houstonianum after 1st herbicide applied.
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Fig. 2. Spore population change of VA mycorrhizal fungi in the rhizosphere of A. houstonianum after 1st

application of herbicides.
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Fig. 3. Colonization change of A. houstonianum after 2nd herbicide applied.
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Fig. 4. Spore population change of VA mycorrhizal fungi in the rhizosphere of A. houstonianum after 2nd application of herbicides.
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Herbicide, a Stress Factor on the Population

Fluctuation of Vesicular-Arbuscular Mycorrhizal

Fungi'

Chi-Guang Wu, Su-Yuang Lin, and Su-Chen Lin’

Summary

In this study, three different herbicides were evaluated for its influence on VA mycorrhizal fungi in terms
of colonization and spore production. Only one herbicide, isopropylamine salt of N-phosphonomethyl glycine
proved significantly to depress the colonization of Ageratum houstonianum, a dominant weed species in the
experiment field. At present study, an inhibition effect on the spore production was not significant statistically ;
however, the spore population in the treatment of isopropylamine salt of N-phosphonomethyl glycine was
relatively less than control. Due to longer persistence of spores in soils, the decline of spore population was
expected later in next experiment year. Overall, the herbicides tested in these experiments did not exert any

impact yet on the composition of VA community.

Key words : Herbicide, VA mycorrhiza, Colonization, Spore.
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Table 1. Lily growth survey of bulbs (Lilium "Casa Blanca") after inoculation 139 days (1" crop) by VA mycorrhizal fungi

Treatments” Leaf number(no.) Bulb perimeter(cm) Fresh weight(g/plant) Survival rate(%)
CK 1.7 a’ 5.2 ab 337 a 100
LOCT 12 ¢ 47 c 2.00 ¢ 100
ASCB 1.4 be 5.4 ab 2.88 ab 100
LPSH 1.4 be 5.0 be 274 b 100
LVSF 15 b 55 a 3.15 ab 100

“ CK: Control; LOCT: G. occultum; ASCB: A. scrobiculata; LPSH: G. pansihalos; LVSF: G. versiforme.

* Means in columns by the same letter are not significantly different (P=0.05) according to Duncan's multiple range test.

|2, H—F KA GHEET R FERE 139K B 2 Y B R & &
Table 2. Lily dry weight and phosphorus contents of bulbs (Lilium "Casa Blanca") after inoculation 139 days (1" crop) by VA

mycorrhizal fungi

Treatments” Bulb dry weight (g/10 plants) Root dry weight (g/10 plants) Bulb P content (%)
CK 574 @ 123 a 0.19 b
LOCT 321 ¢ 0.62 ¢ 0.18 b
ASCB 433 b 0.82 be 0.38 a
LPSH 437 b 0.79 be 022 b
LVSF 481 b 092 b 0.16 b

‘ CK: Control; LOCT: G. occultum; ASCB: A. scrobiculata; LPSH: G. pansihalos; LVSF: G. versiforme.

* Means in columns by the same letter are not significantly different (P=0.05) according to Duncan's multiple range test.
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Table 3. Growth survey of lily bulbs (Lilium "Casa Blanca") after inoculation 148 days (2" crop) by VA mycorrhizal fungi

Treatments’ Plant height (cm) Leaf number (no.) Bulb perimeter(cm) Survival rate(%)
CK 16.5 bc’ 8.2 cd 70 b 100 a
LOCT 14.7 ¢ 7.8 d 6.5 ¢ 100 a
ASCB 222 a 103 a 82 a 100 a
LPSH 20.8 a 9.6 b 79 a 100 a
LVSF 183 b 8.7 ¢ 72 b 100 a

“ CK: Control; LOCT: G. occultum; ASCB: A. scrobiculata; LPSH: G. pansihalos; LVSF: G. versiforme.

* Means in columns by the same letter are not significantly different (P=0.05) according to Duncan's multiple range test.

®/4. B_FFKAGEETREREEERISREZMKZYE - & 2 EEHRERE 2 K
Table 4. Lily dry weight , phosphorus contents of bulbs (Lilium "Casa Blanca") , and infective rate after inoculation 148 days (2"
crop) by VA mycorrhizal fungi

Treatments’ Leaf dry weight Root dry weight Bulb dry weight Bulb P content Infective rate
(g/plant) (g/plant) (g/plant) (%) (%)
CK 040 b’ 031 b 1.02 b 0.26 ab le
LOCT 039 b 034 b 0.80 b 028 a 68 ¢
ASCB 0.71 a 0.46 a 1.58 a 0.28 a 79 b
LPSH 0.63 a 0.50 a 1.66 a 024 b 90 a
LVSF 0.48 b 0.36 b 1.13 b 024 b 44 d

“ CK: Control; LOCT: G. occultum; ASCB: A. scrobiculata; LPSH: G. pansihalos; LVSF: G. versiforme.

* Means in columns by the same letter are not significantly different (P=0.05) according to Duncan's multiple range test.
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Inoculation Effect of Arbuscular Mycorrhizal

Fungi on the Growth and Phosphorus Contents of
Oriental Lily Bulb'

Chi-Guang Wu and Su-Chen Lin’

Summary

In this report, the inoculation effect of four different arbuscular Arbuscular mycorrhizal fungi (AMF) was
recorded for two consecutive crop seasons, and was evaluated in terms of growth and the change of phosphorus
content in oriental lily bulbs. At the first crop, all of the bulbs were cultivated in a mixed medium of
vermiculite and pearlite, and the bulb growth in the four treatments of AMF was worse than control. However,
the phosphorus content of bulbs in the treatment of A. scrobiculata was significantly higher than any other
treatments. At the second growth season, the bulbs harvested from the first crop were cultivated in the same
medium, and the treatments of A. scrobiculata and G. pansihalos came out significantly better than control
based on the parameters of bulb perimeter, plant heights and so on. This study supports that the inoculation of
A. scrobiculata is attributed to the nutrient accumulation, such as phosphorus in lily bulbs at 1* crop. Besides,
the species originally isolated from alkaline soil, such as A. scrobiculata and G. pansihalos proved their

effectiveness in the growth promotion of lily bulbs at 2™ crop under the alkaline growth medium.
P g

Key words : Oriental lily, Mycorrhizal fungi, Phosphorus.
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B1. KB CEEERNERIRE(G. intraradices)% () » 4 RBUEHIBFA)EE -

Fig. 1. Growth response of A. andraeanum after inoculated with G. intraradices (right), was better than control (left).

|/ KBEEEEEERRNEEIRE RRE AR ER EENEE

Table 1. Growth responses of A. andraeanum inoculated by VA mycorrhizalfungi and rhizobacterias

Treatments’ Leaf no. Leaf length Leaf width Leaf stalk length Colonization%
CK 4.5 37.5b H.Tb 46.2b 0.4b
LITR 5.8a 74.2a 42.0a 99.2a 41.7a
LITR+PS+NF 5.3a 72.3a 39.0a 95.4a 22.5a

“ CK: control, LITR: G. intraradices, PS: phosphate-solubilizing bacteria, NF: nitrogen-fixing bacteria.
* Means followed by the same letter within the same column are not significantly different at 5% level by LSD test.

Byt 7 (E2~5) - EAAREEIEZ AR HEEBEEEARN » KR8 B8 E 09 3% AME A - aThE
e LR A AR A A BERC AV BRACR - B ETER MR BB E M BB AR ENEEs
(appressorium) » A% LARI#HIERY 77 AR E ARER R I8 (Bl3~5)  WIRREIRI G R 2~ 3/
BRI 3t 77 975 5 R MR AL B2 PR (acid fuchsin) B AR o AR PSR PR @ T ik B L & A S 1 B v
KRB EEEAIR G % FERE(EY) - BHMTERATTHEN AR LUEMEALER (intracellular growth) B+
([E5) ° Glomus intraradicesTEHEE ~ B & ~ HE RS RER EHEYI K S i AL LB H T
FEER MR REIG FERG o PEEVECEALRAEI R BRI RE » EREIRET I S BERE S EELA
[ IE » RLHEBIRTRER S K BRTEAUARER bl ) E B 2 REFIRA - SRR S pHIR & » IR E
Ao FERETE - SR HPREZHIMEERE » RBEIRSBEARNFTER - BRENERRENE
R T ZEYASIREIS: > EEMANEEUNERTE o B0 Glomus occultum Walker, G.
leptotichum Schenck & Smith, G. fecundisporum Schenck & Smith, G. fortuosum Schenck & SmithZF E iR
BRI RKERAVIEANE M K E T RREE ST S WS RES FEEE 7 o 1A HIRG.
intraradicesEERMERBIR 1 > EESEMIRANAIHZR B RIAHLEERMK - BRERIRRER
HIRR - EEEERENEE -
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B2. 28 NAEBEIRE(G. intraradices)TE K EBEIEIRE FE Lk BI3. | LT IRE(G. intraradices)TE K BEIEARERE 12
RBAIMEAZ R E e - FEFTRBEME o Ll MM BT R E 8S - LU ka8 77 0 m R R 22
RERRER30um - A ° RIBEFTREBEEER - HAIRFURRES30um

Fig. 2. Hyphal coils in epidermal cells (arrowheads) formed Fig. 3. After forming an appressorium on epidermal cell

by G. intraradices. Scale bar=30pm. (arrowhead), G. intraradices penetrates root by

hyphal coils (HC). Scale bar=30pm.

- /s

B4, AL B R EE K BRAEIRAR IR BN T A Ay BI5. KETER A AR AR B AR(IH) © LLBIR TR RE S

FHHFEHC) R ZEIR (V) © AR FRREE20um © 20um °
Fig. 4. Hyphal coil (HC) and vesicule (V) under epidermal Fig. 5. Intracellular hyphae (IH) of G. intraradices inside

cells. Scale bar=20pm. the root cells of A. andraeanum. Scale bar=20pm.
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Growth Responses of Anthurium andraeanum

After Microbial Inoculation’'

Chi-Guang Wu, Su-Chen Lin, Su-Yuang Lin’, and Keng-Chang Chuang’

Summary

We reported that micropropagated Anthurium andraeanum during reclamation in greenhouse could
produce vesicular-arbuscular mycorrhiza, if inoculated by Glomus intraradices, which could significantly
promote the plant growth. However, a combined inoculation of rhizobacteria (such as phosphate-solubilizing
bacteria and free-living N, fixing bacteria) did not enhance the growth effect of G. intraradices. The external
mycelium and the hyphae in outer cortex 2-3 layers close to epidermis were stained deeply by acid fuchsin, but
those inside the deeper tissue could not be stained well. G. intraradices did not express its unique feature to

produce spores within the roots of A. andraeanum.

Key words : VA mycorrhizal fungi, Phosphate-solubilizing bacteria, Free-living N, fixing bacteria,
Anthurium andraeanum, Glomus intraradices.
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Table 1. Effects of different microbial inoculation on the plant height of C. maxima (Inoculation date: March 1, 1994)

Unit: cm
Days after inoculation
Treatments®

73 91 114 143 174 206 234
Blank 3.8 4.2¢ 5.5° 5.8 7.0° 9.3' 9.3¢
VA 45° 5.0¢ 9.1* 15.0° 2.7 30.2° 38.0°
B 4.3 8.2 14.5* 23.3¢ 34.0¢ 58.0™ 86.5™
PS+B 47 6.3% 10.7% 17.2% 26.3°* 42.2% 68.7°
NF+B 5.3" 7.0% 12.0™ 18.0% 25.0* 44 8 73.0°
VA+PS+B 6.6" 8.3" 16.0° 27.2% 36.7% 63.3"™ 94.7%
VA+NF+B 8.3 11.6' 21.3" 33.7° 46.3" 73.7° 115.3*
VA+NF+PS+B 8.2" 12.2° 24.1° 375 51.5° 79.4° 117.0°

“VA : VA mycorrhiza ; B : Bran ; PS : Phosphate solubilizing bacteria : NF : Free-living nitrogen-fixing bacteria.
" Means in each column with the same letter are not significantly different by Duncan's multiple range test, 5% level.
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Table 2. Effects of different microbial inoculation on the leaf number of C. maxima (Inoculation date: March 1, 1994)

Days after inoculation

Treatments®

73 91 114 143 174 206 234
Blank 3.0 3.1 3.7 45 6.5' 7.5¢ 7.5¢
VA 42" 4.9 9.9° 15.1¢ 19.5¢ 24.4° 29.7"
B 6.0" 8.2" 12.3™ 18.1% 24.0™ 34.8" 46.0"
PS+B 4.5 5.7 9.4° 14.3 20.2° 26.3° 36.0°
NF+B 6.1% 7.0¢ 10.1° 15.2% 19.8° 30.1° 41.9™
VA+PS+B 6.9" 8.4 13.4" 20.6" 21.5 43.8° 543"
VA+NF+B 8.4 1.2 20.5" 29.7* 36.8° 51.0° 66.7"
VA+NF+PS+B 7.2" 9.6" 16.3" 26.7° 35.2" 48.6' 61.7'

“VA : VA mycorrhiza ; B : Bran 5 PS : Phosphate solubilizing bacteria ; NF : Free-living nitrogen-fixing bacteria.
¥ Means in each coliimn with the same letter are not significantly different by Duncan's multiple range test, 5% level.

R3. WA E AR5 K ik MR R 2
(EEHEM - 835 3A1H)
Table 3. Effects of different microbial inoculation on the leaf number and area of C. maxima after 252 days (Inoculation date:
March 1, 1994)

) leaf number Total leaf area
Treatments (no.) (cmd)
Blank 74y 49¢
VA 27" 610°
B 45 2043
PS+B 40" 2080°
NF+B 40™ 2010
VA+PS+B 55® 2898"
VA+NF+B 68" 3611
VA+NF+PS+B 66' 3701°

“VA : VA mycorrhiza ; B : Bran 3 PS : Phosphate solubilizing bacteria ; NF : Free-living nitrogen-fixing bacteria.
 Means in each column with the same letter are not significantly different by Duncan's multiple range test, 5% level.

HALRIAFR3 » BIR3ATHN » AR 2 /SR PE - HEEB(40~68 1) HARE LL A MIA M 2 R B (7,27
)% » FEEMIE(2010 cm’~3701cm’)/NEARALL A MIKMR Z R BEHL (49,610 cm®) K o 1EASIIANRA W i P
W TR ERE ZBEH(VA) - HIEBQ7EE) B 2B (Blank) (73)% » HAEZERfE(610cm?)
HEA R Z BE P (Blank)(49cm’) % » {HHEREZE 72 52 o TEYRIIKARAY /SBEERp > S S IR ~ 1A
Tt A T B UM 1 [5] 20 BT (VA PS+NF+B ) S A 5 422 ek 1 AR 7 B 178 5] S80I B (VA+NF+B) » L2
DA FR663E, 683 » BARALL RIRNIKMEZ BRI (B)(4555)% » HARTEMRE S BIA3701cm’,361 1cm’ * 77
HEELL R IR AR Z BEFE(B)2043em™K » Wi EHE 2 MEZE MRE S LR MK HR Z & FE (B) .2 1.8 © A IIK b
A7 A 7 452 7 IR AR I B YA W A BT (VA+PS+B) ~ B MBS 422 Fek V7 ok AT T (P S+ B ) o B 168 32 e ot e 1k 81 %8 T
(NF+B).Z =8l » SEEREAESEAE B AR MR 2 R B (B ) MERAREE 52 o
(D) 1M

RS M E B A 2R YA 2R4 - HR4H  ERBREH 141 K% » BEENME TN Z S
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Table 4. Effects of different microbial inoculation on the plant height of C. maxima (Inoculation date: May 4, 1994)

Unit: cm
Treatments ’ Days after inoculation

8 26 49 78 109 141 169 199
Blank 39" 43° 48« 5.1°¢ 5.1°¢ 57° 5.7°¢ 57°¢
VA 3.7° 4.1° 45 53¢ 53¢ 6.0°¢ 6.0° 6.0¢
B 45® 49° 6.5" 102" 164" 273" 426" 477"
PS+B 40° 47* 85" 143* 235® 375° 62.0° 740"
NF+B 56" 58" 90" 150* 240" 352 66.7" 76.0"
VA+PS+B 40° 47" 9.1° 145* 22° 375° 62.0° 81.3"
VA+NF+B 38" 44" 83" 158° 272 422" 58.0° 78.3"
VA+PS+NF+B 45 50 10.9° 20.2° 31.0° 483" 83.0" 108.3°

VA 1 VA mycorrhiza ;B :Bran ; PS : Phosphate solubilizing bacteria ; NF : Free-living nitrogen-fixing bacteria.
" Means in each column with the same letter are not significantly different by Duncan's multiple range test, 5% level.

|6, EHEET RS RER S ER S R 835 A4H)

Table 5. Effects of different microbial inoculation on the leaf number of C. maxima (Inoculation date: May 4, 1994)

Unit: no.
Treatments Days after inoculation

reatments 8 26 49 78 109 141 169 199
Blank 47" 4.9' 5.4 5.7 6.3¢ 6.7 6.7' 6.7'
VA 3.7 3.7 43¢ 5.3 6.0° 6.0° 6.0 7.3
B 4.9' 4.9° 6.1 11.2% 16.4™ 23.3° 31.3° 37.0°
PS+B 4.8 4.9° 7.6° 12.7% 17.2° 27.0™ 35.0% 40.7%
NE+B 4.6' 4.7 8.4 1.1 15.6" 24.1¢ 34.3" 37.7%
VA+PS+B 4.8 4.9' 9.3 12.8" 19.8" 27.1% 37.7% 46.0"
VA+NF+B 4.7 47 9.0" 14.5° 21.5" 34.0" 457" 58.0°
VA+PS+NF+B 4.6' 4.7 8.4 15.5* 21.2° 33.1" 48.7° 56.0°

VA : VA mycorrhiza ;B :Bran ; PS : Phosphate solubilizing bacteria ; NF : Free-living nitrogen-fixing bacteria.
" Means in each column with the same letter are not significantly different by Duncan's multiple range test, 5% level.

TR IR » SRR 5 (27.3~48 . 3cm) BHEEL A IR 2 F R FE (5. 7cm,6.0cm) 5 © TEEREI 1 A A By
JERF R > TR B AR R 2 B P (VA ) (6.0em) BE AN B S R DKM 2 B B (Blank)(5. 7cm) » LA 725 E R
SEAE S o TERRES M E IR BRA SRR B A » S A R R R AR ~ VAT A G B ) S i 2
H(VA+PS+NF+B) » {ERZFE199°K 1% » KR (108.3cm)BHRELL RIS IIKAR Z BB (B)(47. 7cm) & » B
IR Z BEEE (B) 122,315 o H Al VU B H 25 Al 2 1K 756 (74.0~8 1. 3cm) LL R R DKM 2 BB (B) /5 » {H 7% 52

ARE o AR e A A 2 BERYIRA SRS » BHERS AT AN » (EFRE AR » 5 MBS 8 A 2
B FH » HEEF A REVHOREE N BRI MR 2 S FE R P 22 o TEABRIR P 78 K 1% » BEH(5.73E,5.3%5) L BH
SEEC TR IR MR Z /SRR PR (11.1~15.538) /D o fERIE /B BRI BRI S B R F o > A & R iR
B~ VAT B B U5 1 ] SR TR (VA PS+NF+B) R 8 7 4 a0 1 AR I BLoffe B 1 6] S50 T 8 (VA NF+-B) 8
IE FEAABRRE I 199K 1% » FAHEER ) IS 563E,585E » BARHLL FURMEKIE 2 BB HI(B)(375)% - itEajE
HI7TRIR » &kl B A TETIRE - #5RIIPFRE - HHER6TTAI » MR IIKME & S FE R » 5
HER B R SE T RS HARE LU KR Z B EE K o TERMIKARAI R b - 35 M B AR 2 B (VA) »
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Table 6. Effects of different microbial inoculation on the leaf number and area of C. maxima after 187 days (Inoculation date:

May 4, 1994)
Treatments * Leaf number( no.) Total leaf area(cm’)
Blank 50 26°
VA 7 53°
B 31 1027°
PS+B 34" 1485"
NF+B 31 1459*
VA+PS+B 35 1765*
VA+NF+B 41° 1549*
VA+PS+NF+B 43" 2147

“VA : VA mycorrhiza ;B :Bran ; PS :Phosphate solubilizing bacteria ; NF : Free-living nitrogen-fixing bacteria.

" Means in each column with the same letter are not significantly different by Duncan's multiple range test, 5% level.

]/7. EMHEERRMAEYREGHEEZYE  EEHY : 835F584H)
Table 7. Effect of different microbial inoculation on the dry weight of wentan pomelo (C. grandis forma buntan) (Inoculation
date: May 4, 1994)

Treatments * Stem weight(g) Leaf weight(g) Shoot weight(g)
B 59.43" 37.34° 96.76°
PS+B 93.9* 61.04% 154.94™
NF+B 86.53" 62.89" 149.42"
VA+PS+B 11113 64.20" 175.33"
VA+NF+B 117.51° 90.99" 217.68"
VA+PS+NF+B 126.68" 78.73" 196.25"

"VA VA mycorrhiza ;B :Bran ; PS :Phosphate solubilizing bacteria ; NF : Free-living nitrogen-fixing bacteria.

’ Means in each column with the same letter are not significantly different by Duncan's multiple range test, 5% level.

HIER (73 SHEEE M AA(530m’) BN AR 2 BE FH (Blank ) (5%, 26cm”) EREE 72 52 « TEVRAIAHRA /S HE R 7t
o U N S R TR ARG ~ T A T B 0B A 1 ] R 1 (VA + PS+NF+B) — i PR H 48 % i 7%
(2147em’) BARELL A IITANR Z BEFE (B)(1027cm’) K » B KHREFE(B) .2 2.1 ©
—aEYEEH Bt R ERERS - BIRNECHE
EMTARRE (8443 H 3 HMEITIREE » M A ST E A o AR BRAI TR TE (Blank, VA) » K4 E
BRGE > BEEITIREE SRR R348 K » IRIRE I B - vhig ~ Mtez ~ RHEWE » SEmY
¥~ BRI FEREZEYIPRL - HRTAA] > (ERZRZE T o ARSI SRR - A
BERB BRI ~ 7RI O S0 1 [ U B (VA+PS+NF+B)(126.68g) » #6217 [ AR [ B0 7 86 1 161 S
F(VA+NF+B) (117.51g) » B8 & B G AR i B VA RE AT (VA+PS+B)(111.13g) » I =Rl FH &~ &7 d A
L AR MR (B) Z BEFE(59.43) K © TEBEZHZERJTIH » 16 450 11 AR T B o P ] S T v ok
BE(VA+NF+B)(90.99¢g) & 8 & B8 3 AR B ~ 15 W% Hl G B 3% ot 1 1) %0 0 B0 X6 oS o
(VA+PS+NF+B)(78.73g) » It i 2 BEaz 8 i A » BARELL RS IIA R 2 BEHE(B)(37.34g) K © 1t &
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ZRZEEJTIH » 18 &5 HE R BRI B 1 5] U B I AR K MR (VA NF+B)(217.68g) » 48 15 458 B AR [
VAR B AN AR (VA+PS+B)(175.33g) » B A AR R AR B ~ VATl M e B 5 8 17 ] SR I X o ok
BR(VA+PS+NF+B)(196.25g) » It =M ARHH .2 i1 b 057 B2 BARE L RASIIAR 2 R EH(B) % (96.762) K » 43
B AR IR 2 BE R (B) & 2 2.26%,1.81%,2.0% »

HERZR ~ BRRE AR IR YR8 - HIZRS AT AN - RN IR R LLREFE 1A Wil B8 3t v DM o2 e B
(PS+B)fx i » T A 7t 1 [ S0 B L AN DK A 2 R B (NF+B) B (K RATREIR IR » DI S HEfE R
BT~ VA BT T L7 e ] G R U S DA B 2 SR B (VA+PS+NF+B)(2.53 g/plant) % A » BAREEL H sk
B2 BEE(B)(1. 1g/plant) K > AT AL 5 E PR A REAZ 52 o BROVFETRINCE: » LUE & B0 B AR I Bt
P[] A B o BB S DT K AR (VA+NF+B)(0. 14g/plant) i A » BABRLL RAS I 2 BEFE(B) (0.07g/plant)
j( o
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Table 8. Effect of different microbial inoculation on the change of leaf N and P contents of wentan pomelo (C. grandis forma
buntan) (Inoculation date: May 4, 1994)

Treatments N(%) P(%) N(g/plant) P(g/plant)
B 2.88™ 0.17" 1.10° 0.07°
PS+B 3.24° 0.17" 1.98% 0.11"
NF+B 251° 0.16' 1.57% 0.10%
VA+PS+B 2.86™ 0.17* 1.84™ 0.11°
VA+NF+B 2.68" 0.16' 243" 0.14'
VA+PS+NF+B 3.20" 0.16' 2.53 0.13*

“VA : VA mycorrhiza ;B :Bran ; PS : Phosphate solubilizing bacteria ; NF : Free-living nitrogen-fixing bacteria.
' Means in each column with the same letter are not significantly different by Duncan's multiple range test, 5% level.

= WEEESRRIENERLTEC T E
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(D) B HaiER

5 AR SRR N E 2B VIR 2R10 - FIFR100] A - BB AE B AR B R KA (VA) B
AEEF A AN (Blank) M HE 2 pHIE#G & > HpHIE 2 HI£58.54, 8.53 » AARALL HM R MK M 2 & BEF
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B (Blank) A 2H0.64, 0.67 %A » HAMGHIKIR 2 GHR A HE & 8 50.78~0.89 % ° & EHE 2 ECIEY
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JEH S AE%1.3, 1.7 ppm (Olsen's P) » BABHECH AN MK 2 & R HERE 2 =D » HAA NIKRNR 2 2% &2
£%10.7~14.0 ppm °

9. ERHERERE A REDB RILHIE N E 2B LS R - 838E3H1H)
Table 9. Physical and chemical properties of potting medium (sand: vermiculite=1:1 v/v) after 363 day-growth of C. maxima

(Inoculation date: March 1, 1994)

Treatments ” pH(1:1) OM(%) EC(uS/cm) Olsen's P(mg/kg)
Blank 8.40" 0.69¢ 148.1° 2.0°
VA 8.40° 0.69° 144.4° 2.3
B 7.96° 0.92° 135.2% 11.0°
NF+B 8.08 0.89° 124.6" 10.5°
PS+B 7.94 0.95" 130.2° 12.0°
VA+NF+B 7.98° 1.04° 123.7° 1.7
VA+PS+B 7.85° 0.92° 125.0° 12.5'
VA+PS+NF+B 7.97 0.76° 126.0° 12.2°

“VA : VA mycorrhiza ;B ;Bran ; PS :Phosphate solubilizing bacteria ; NF : Free-living nitrogen-fixing bacteria.

¥ Means in each column with the same letter are not significantly different by Duncan's multiple range test, 5% level.

|10, HMEET R RERS KRN E < HLEEAEER Y : 835F5H4R)
Table 10. Physical and chemical properties of potting medium (sand:vermiculite=1:1 v/v) after 298 day-growth of C. maxima
(Inoculation date: May 4, 1994)

Treatments ’ pH(1:1) OM(%) EC(uS/cm) Olsen's P(mg/kg)
Blank 8.53" 0.67° 127* 1.7°
VA 8.54° 0.64° 138 1.3"
B 7.96" 0.88" 116" 12.2°
PS+B 7.95" 0.84" 116" 10.7*
NF+B 7.84% 0.78" 120% 1.7°
VA+PS+B 7.76° 0.89* 124 14.0°
VA+NF+B 7.83% 0.87° 11 11.3"
VA+PS+NF+B 7.91™ 0.83" 104° 11.0"

“VA : VA mycorrhiza ;B :Bran ; PS :Phosphate solubilizing bacteria ; NF : Free-living nitrogen-fixing bacteria.

¥ Means in each column with the same letter are not significantly different by Duncan's multiple range test, 5% level.
g y y p 2
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Effect of Microbial Inoculation on the Seedling

Growth of Citrus maxima and Wentan Pomelo'

Su-Chen Lin’, Shan-Ney Huang’, Kun-Huang Houng'
and Chi-Guang Wu’

Summary

The main purpose to design this experiment was to evaluate the inoculation effect of VA mycorrhizal
fungi (VAMF), phosphate-solubilizing (PSB) and free-living nitrogen-fixing (NFB) bacteria, and the
amendment of rice bran on the growth of Citrus maxima and wentan pomelo in calcareous medium. The results
indicated that without amendment of rice bran did wentan pomelo stock stunt. However, inoculation of VA
mycorrhizal fungus solely did not enhance plant growth. Amendment of rice bran could highly improve the
growth of wentan pomelo stock. An incorporated use of rice bran and microbial inoculation (VAMF and other
bacteria) showed synergistic effect. The biomass of wentan pomelo, which had been grafted for one year and
treated with rice bran and other microbial inoculants in the growth medium was two times as much as that of
plants treated by rice bran only. Among these microbial treatments, the leaf N and P of wentan pomelo were
significantly higher than those treated by rice bran only. A triple inoculation of VAMF, PSB and NFB or a dual
inoculation of VAMF and NFB, and an incorporated amendment with rice bran could significantly promote the
growth of Citrus maxima and wentan pomelo especially in alkaline medium with low organic matter and

phosphorus.

Key words : Wentan pomelo, Bran, Arbuscular mycorrhizal fungi, Free-living nitrogen-fixing bacteria,
Phosphate-solubilizing bacteria.
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Table 1. The production cost per hectare of wax apples

D& BERA BB R A [ E R A
B TL/AE 64.3 37.0 234 3.9
B4 (%) 100.0 57.5 36.5 6.0

FRIRIE © ARFTERE -
|2 SEFEYZ BOLHAHE

Table 2. The descriptive statistics of wax apples farms

FE{E iy K AE /M SR {RE
FFEBIA (ETT/AH) 87.3 322 200.0 34.4 37.0%
FPTEEERE Q) 1.12 0.53 2.7 0.3 47.3%
FRAEHRA (HL/AE) 369.6 125.1 669.0 150.8 33.8%
HPELE BITU/AE) 27.3 9.1 54.3 13.4 33.3%
R E S (%) 473 8.4 66 30 17.8%
O ZHEFH (F) 9.3 2.5 12 6 26.9%
R A EF T () 12.0 5.5 23 2 45.8%
FREZEER (LT 84.8 30.7 166.7 32,6 36.2%
HEEHEEE UL 53.1 21.7 100.0 24.4 40.9%
BEASEL CUHT) 767.9 232.7 1480.1 420.8 30.3%
TS EHEEREGO Y HT) 0.0303 0.0105 0.0663 0.0150 34.7%
KLz 0.75 0.10 0.95 0.48 13.3%
BHRIZRIR : a5k -
EitiER

—  ERSENEFMEEHER
(—) BREEREIETE

EEHEEE L > BIETERCobb-Douglas3 TranslogRE i 14 4 & 8 S B AEE & 7 75 24
BA LM PLEL (likelihood ratio) x REIEMITE Z o fEREE/R » Translog K Cobb-Douglasf &8 UK B2
ML B (Log Likelihood Value) » 43 Allf510.36523.20 » & LLE x *#f2Hil= 2(10.36-3.2) =14.32 * {F a
=0.058Z KUET » [HFUEE 2 °(6)=12.59 » RSETE BRI x Ml KA EG TR B « Ml > EAE MR | - AN
Translog 2 7 B BT REHOE S 1A #7524 o
(Z) TransloghkERERILEHER

PATranslog4: 7 BB FR AR BIWIAG ETAE SR » AIR3FR « BB Eb, ~ by ~ by~ by Kby fFa
=0.05HHZ KUE T ERE - FUER RS 2 EERETISEM S - USEHHRA 2058520k K » BAE
Z0.5072R 2 » MAEHIFE20.0565 B /%N » FnHINE— B 7 HA A » LIS 8% A FTREIE IR A i
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PRS2 5 - HAEAR—EI 1 =1.06> ¢, =0.1742  ¢.,=0.1637) » BET(EEFE BI04 EIR A »
N BRI AT K -
53 TransloghB M A A B TR (2 H 5 5

Table 3. The estimation results of translog stochastic frontier production function

lEt 28 ¥ E i 28 FREE
b, 18.0463 (1.822)" b, 1.5427 (2.385)%*
b, -2.4432 (-1.005) b,, -1.2995 (-1.569)
b, -8.1161 (-2.078)** b, -1.9485 (-2.264)**
b, 6.4714 (2.134)%* b, 2.0726 (2.219)**
b 0.3366 (0.595) b, -0.5849 (-0.615)

HUEHRMIE(RTS)=E +E +E = 0.0565+0.5852+0.5072 = 1.1489
62,=0.03035  ¢2=0.02679  1=1.06 0¢=0.239
REAEK B {E (Log Likelihood Value) = 10.36  R*=0.81
LICobb-DouglasEk AT 15 Z IR BiE £53.20

FEIRNA B (B K HEE 1% ~ 5% K 10% 5 Bl LI ~ o ~ #FIR)

— BRI EREAVGETHER

FHETET TSN « SE 7% 509 4 7E BN EUEGHE & F Translog BB AE » & LIAETHI LA E Translog2E
BB G280 SR ERI RS RITSEE - FrisHs RAIRAFTR -

ST RIGHON SR 2 B - B31.9%M RN 20.9-1.02[H » H61.7%/1120.8-0.9.2fH » &
6.4% 11T 120.7-0.8. 2 M » EF i ZR il i KA F50.9463 » Fe/IMEFS0.7203 » FH{EF0.8715 » BAEmMS >
7 35 57 il 280 7 i 5 A S T S AR 3B R 72 12.85% 1T A B S % R 5 R 4l M AR i A1 12537 % B
27.98%H » Fn RIS 2 Bl AR A it 2 22/ -

|4 SEB RGBT < REOTEC
Table 4. The frequency distribution of technical efficiency of wax apples farms
sy e[| iz i M 73 (%)
0.9<TE<1.0 ' 15 31.9
0.8<TE<0.9 29 61.7
0.7<TE<0.8 3 6.4

BRI E =0.8715  FA{E=0.9463 /] \E=0.7202
BRI SEET S = 0.8749

= HERINMEZRARDN
RSMERBUR : RETBEFY - SRAER - WEMKRLE S8 MmES s SRR
MR 2 R B I BB K YE » BRI DU 8 S RS s B 5 R S RO C BN - LUT iR
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(MRS EFRIVRBUBLE - Fin TR RER S - BURES Tl » eI Eiises » (HH
FlnAARE - HEIREAE - HEISEERI SRR S AR
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Table 5. The estimation results of significant factors of technical efficiency

B S T FEE K
LU 0.5111 2.30 o
8 £ 0.0042 0.46
B L FET T -0.00003 -0.27
B FHE F 0.0093 2.86 ok
TEEE TR -0.0012 -0.65
MEAH T -0.0068 -1.10
TEHEIES 7 0.0002 0.81
FikER 0.0007 2.16 ok
FHEER 0.0014 3.13 ok
BABE -0.00004 -1.09
BB A 1.9357 1.97 *
FRI# 0.0600 0.80

F{H = 3.06 .
R*= 0.49

SHEEE KHETE 1% ~ 5% 10% 53 Bl LLws ~ wx ~ #3275

foomEE R
— ~ &R

ARSCH) B R FHER AR AR I RERE M P 2 7 3B ST » (7 47 (18586 TR R B B s i - St



ST RN 2 b 83

T BRIGERERZE BARR o BELLEZ 58 wSE T3 =B -

(FSHBRLLL & BEREAR E o RETR RS « E KR B « (i » BUR Translogh B 14 25 78 8 7 ik ik
Cobb-Douglas B & 2 75 £ EERUFE o (K Translog 7 BBl 31 2 G 5 > SEFEERIS & A s vk
BEE » LIBEIHERAZ0.5852B /K » BAE.20.5072R 2 » FEREEFE20.05655 5/ o HAIER
MHE £ 1.1489 » FE 7R RS 2 AL B A U HIMEEE 2 Fetk - H A EGEERRZ LA E1.06 » 8
NEEFRGRINAEERE - NBREITSARERK -

(CFEB A EZEINTSAEN S » ERRBRINSER 2R - A31.9%MEBRN70.9-1.020 » &
61.7%/1170.8-0.9Z ] * H6.4%/11°0.7-0.8MH o HE Mz BTz KER0.9463 » i/ MER0.7202 »
MER50.8715  TEHET 5 ISR BEEE 5C 2 B8R n 8 A 0 72 12.85% - E RIS & il
ISAEN 2537 %5227.98% 2 [H » Fn BRI RS 2 Bl wa Rt 2 22m -

VRIS ERFZN TR > BRESFRETFH - BRER - INEEKRE—S8E HE
TEE VU > A R BRI BOEREE KYE » RRBEEHEKERS - BREE
ERRS  EENEESRE T ST EIERA - G ER AR ERTT -

—_EE

(HDIAEREH » EZRBFAEENEZR » FEFEKE AR ZER » BIERIES .2 il
WA AR A ZEM - KL BREHEE RS 2RISR » RIS EEEE NS ENME - a1
FERGEZRE R ~ B EHE ) KA ERBNERAEAS -

CEZRG ZEEREMS - USSR ABRA  SUREINS % AKE P EE 2 EE - HTE
BN TTHWREHER T » KRR FERESHFENEE UEARESH - B> EHFREH
REF—SEN T HERERE - BYFIAANER - BREESE a0 -

COEFREERERITSEZZEEIE - HEFZEKE - EFZMEEKS > FERREBSEIT -
ORERE ~ (SBME RIS T ANGRET - BEBEESESIITIERS » RUERGHRE
Z IR - BREREZR MBI TNER MR 2 &N o AT R S R TS T
{F o

(P)BURT Fe A [ BEL A7 38 5o 5 AR A S 1l B S S A T S 9 T R 4% R T8 R s il 1 7 A 2
o SRR DRAHESZE - RFEK - REGEHED TEEEEAEL) BOR > $T
FaEE ANREEHEISEIEEAS ER R M4 AEHE - REHE - WEEH - HSEH 1
BEE  ATIHEEARENS > BEEERAOEE » LreH R EIT REE S -
B REAIRR -

SIF3ZER

1 ZRAD ~ ZEHAEE © 1996  BEIFHTEE RIS Z 0T o BESMAREE36 : 93-123 °

2. BB ~ BUKHA © 1992 o BHEL RIS HERBITRER 25T - & L3t SRiET294) : 87-105 »

3.EBNE © 1995 o FHBRAHACER AN PSSR Z EE N o BESMGRFEIS © 249278 ¢

4. [HFEZF o 1994 o B SAHLEMRE ZTIE-E17E 2 @R IE RER BRI e R R ERO2ER) © 160 °

5. BEZE ~ RITEA - 1986 o B4R 2 BB L P B RR 2 0T - BRELRIGREE16 1 2938

6. SEZE - 1988 - L TEIFYAERITEE 2T - GIERITRET394) : 301-340

7EHIE ~ R 0 1992 o FOIREBR ZHTER I 7 B AR IR R aT— R B 14 A s A A 2 B o rp B B2 SRR A T
1:39-52°

8. {HIHIE ~ fEE ~ BUBRIR 1992 o BTG TE ~ BB X B A BB R SR — G AV E L A B 2 T -
TR CEEFI202) 1 129-153 ©



84 FREERRZENNTSE 55498 B 2000

9. Aigner, D.J. and Chu, S.F. 1968. On estimating the industry production function. American Economic Review 58(4):826-839.

10. Aigner, C. Lovell, A. K., and Schmidt, P. 1977. Formulation and estimation of stochastic frontier production model. Journal of
Econometrics 6(1) : 21-37.

11.George E. Battese. 1992. Frontier production functions and technical efficiency : A survey of empirical applications in
agricultural economics. Agricultural Economics 7 : 185-208.

12.Greene, W. H. 1980. Maximum likelihood estimation of econometric frontier function. Journal of Econometrics 13(1) : 27-56.

13.Huang C. and Bagi, F.S. 1984. Technical efficiency on individual farms in northwest India. Southern Economic Journal 51(1) :
108-115.

14.Jondrow, J. K., Lovell, C. A., Materov, I. And Schmidt, P. 1982. On the estimation of technical inefficiency in the stochastic
frontier production function model. Journal of Econometrics 19 : 233-238.

15.Lee, L. F. and W. J. Tyler. 1978. The stochastic frontier production function and average efficiency : An empirical analysis.
Journal of Econometrics 7 : 385-389.

16.Meeusen, W. and J. Van den Broeck. 1977. Efficiency estimation from Cobb-Douglas production function with composed error.
International Economic Review 18 : 435-444.

17.0lson, J. A., Schmidt, P., and Waldman, D. M. 1980. A Monte Carrlo study of estimators of stochastic frontier production
functions. Journal of Econometrics 13 : 67-82.

18.Timmer, C.P. 1971. Using probabilistic frontier production function to measure technical efficiency. Journal of Political
Economics 79:779-794.



SE T BRGNS Z i 85

Technical Efficiency Analysis for
Wax Apples Farms'

Shi-Hua Yang, Tarng-Ping Chen and Te-Fang Pan *

Summary

The purposes of this study are to evaluate the technical efficiency of wax apples farms and to find out
factors that influence the technical improvement of wax apples production significantly. The stochasic frontier
production function was used to estimate technical efficiency. Forty-seven wax apples farms were sampled and
evaluated based on technical efficiency. Data of eleven factors were fitted with regression analysis. The results
showed that the wax apples farms can be fitted better with the Translog function than with the Cobb-Douglas
function. The average technical efficiency level was 0.8715. It means that there is still some room of wax
apples production efficiency could be improved. Also, the results suggested that the education of wax apples
farmers, yield of wax apples per tree, the sale prices of wax apples and the planted area of wax apples per
labor-day are main factors affecting the technical efficiency level. Hence, the production technology, farm
management, farming training, grade package and brand promotion should be enhanced to raise the technical
efficiency.

Key words : Wax apples, Technical efficiency, Stochastic, Frontier production function, Translog
function.

1.Contribution No. 2016 from Taiwan Agricultural Research Institute, Council of Agriculture.
2.Respectively, Assistant Researcher, Research Assistant, Researchqr and Head, Department of Agricultural Economics, TARI,

Wufeng, Taichung, Taiwan, ROC.
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