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Development of Rice Variety Tainung Sen Waxy 2'

T. H. Tseng and Y. C. Teng®

Summary

Rice variety Tainung Sen waxy 2, a selection from the cross of BG35-2x1IR29, was
shown to resist blast, bacterial leaf blight and brown planthopper. The grain yield of
this variety in the regional yield tests was 6.5t/ha in the first crop and 6.1t/ha in the
second crop on a provincial average, which outyielded Taichung Sen 3 by 3.4% and
31.9%, for the first and second crops respectively. It also outyielded the variety of Hung-
Chueh Waxy (an old and common waxy variety) by 19.1% in the first crop and 37.5%
in the second crop. The total growing duration of this variety was 118 days in the
first crop and 94 days in the second crop on a provincial average, or 10 days earlier
than that of Taichung Sen 3, or 7 days earlier than that of Hung-Chueh Waxy for both
the first and second crops. Although its plant height is higher than that of Taichung
Sen 3, it was relatively tolerant to lodging and more favorably responsive to nitrogen
fertilizer. In general, this variety is characterized by about 90% fertility rate, 14-15
panicles per hill, 2.7-3.0 grams per panicle weight and 26.7-27.6 grams per 1000-grain
weight.

1. Contrilution No. 1195 from the Taiwan Agricultural Research Institute.
2. Assistent plant breeder and former plant breeder respectively, Department of Agronomy, TARI,
Wu-feng. Taichung, Taiwan, 431, ROC.
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Rl TREAHROMES B RE TS D48 2> 25 U8R M B R E
Table 1. Name, code number and cytological information in whole set of

chromosomal reciprocal translocation stocks.

Namfﬁr%%jzﬁrﬁo%‘ation f # Recfggflk%%%‘%uﬁtion | Ao R FRBER
stock Code No. chromosome Position of break point | Marker gene

1—94995 T: 1—9 1L Q19 98 020 WX/ WX
2—09;, T, 2—9 28 018 9L 0.22 wX/Wx
3—9 Ts 3—9 3L 009 9L 012 wx/wx
4—9, Ty 4—9 48 027 9L 027 WX/ WX
5—9 Ts 5—9 5L 069 98 017 wx/wx
6—2%% Tg 6—9 6L 0.l0 9S8 037 wx/wx
—% T7 7—9 78 076 9s 019 wx/wWx
8—9% Ty 8—9 8L 0.09 9S 016 wx/wx
9—10p Ty 10—9 10S 040 98 013 wx/wx

*2 *Uﬁ%ﬂ%ﬁ%éﬁ%ﬁﬁ%ﬁ%é%*ﬂﬁ%@ilﬁJE—ﬂﬂéﬁ%%ﬁEﬁ’iﬁﬂ@??%27%ﬂ@6%@%%ﬂﬁ
Table 2. Totalling 72 (9% 9-9) combinations of @®6 translocation heterozygotes from the
crosses between the whole set (9-pair) reciprocal translocation stocks.

\6 1—9 2—9 3—9 4—9 5—9 6—9 79 8—9 9—I10
£ N
1—9 1—9 i 1—9—2 1—9—-3 1—9;4 1—9—5 1—9—6 1—9—7 1—9—8 1—9—10
=91 . 2—9—1 , 2—9 I 2—9-3 2-9—4 2-9—-5 2-9-6 2—9—7 2-9-8 92-910
3—9 3—9—~1 3—9—2 1 3—9 ’ 3—9—4 3—9—5 396 3-9—7 3—9—8 3—9—10
4—9 4—9—1 4-—9-2 —4—9—3 } 4—9 I 4—9—5 4-9-—6 4—9—-7 4-9-8 4—9—10
5—9 5—9—1 5-9-—2 5-9-3 ”75—9—4 ] :—9 ! 5—9—6 5—9—7 5—9—8 5—9—10
! X

6—9 6—0—1 6-9—2 6-9-3 6—9—4 6-9—5 ‘ 6—9 ' 6—9—7 6—9—8 6—9—10
7—9 7—9—1 7—-9—2 7-9—-3 7—9—4 7—9—5 797 ‘ 7—9 ‘ 7—9—8 7—9—10
8—9 8—9—1 8-9—2 8-9—3 8-—9—4 895 89§ 897 1 8—9 } 8—9—10
9—101  10—9—1 10—9—2 10—9—3 10—9—4 10—9—5 10—9—6 1 0—9—7 10—9—8 ‘{ 10—9

ok L KPR @6 - HEME R BEE MR T2 %S 0 RS AR S —EETIE® 6 Wi e
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AR BRI L0Pk 2 R » ARFIH ARG ERRZHESR » URBOURCOEER G ZHERE -

R
HFHEEERNESRO4 BERIEAREGZREREIINE 3 » BERBZABEETRESH

B Yea i (nRIEEEE » R MR T IR E
R EEEARAZES (M1—9RARHE
S G FIRE 1) » HELATEA 2R T R
BERHIIE » BEEF - BRERFEREER
R 4B B ET4.40%—80.41% » BRE
7 100% » YR RRMEGBERETR £
BB FEEETH  MATERZEBERR
Mz EEEZER -

R RS RS HBEE TR
IEHELE > 2HEEE 2 —H g ARFVE HR
(pachytene stage) BEFI2-+FHZECE »
mEAAERT » HPFEFRETLUAE (R
B2 > JREL1— 9 Y e B D - HERA]
Rl amEERAMEL  HHEEET
09 o KRBz ©4 BEREAHEG 2
FHERFINES » #AAZEERR 37.85%
—46.42% > 19543 .63%B5{EHR50% » (5
P ARz — o

HEREREERERATOL BERNES
BeBAPTROERE » FERZHBERRSE
50% 74 - o (BB B RIS e o B

9 9 1 1
T 1T 9 9
L S
Plant ; i | I
1° 9
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Pachynema 191 1
1° 9
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Gamete

B MRS RME A B TR

Fig. 1. Meiosis of translocation homozygote.

£3 TAAGREBERLESE (B AOEERIZAES (F) ZEHRE

Table 3. The kernel fertility of chromosomal translocation homozygotes (parents) and (®4

translocation heterozygotes (F1) in corn.

MO B @ B % 5 " & Fertility X+S. D.

: B m B A& M HoE R B OB &
Translocation chromosome Translocation homoz;gote Translocationiheteroz?/gote

1—9 80.4141.51 37.854-4.95

2—9 78.924-2.10 45.954=3.21

3—9 78.564=1.67 44,01 4-2.58

4—9 77.554=0.99 43.564=2.65

5—9 75.3541.23 45.744-1.99

6—9 76.39-+-3.46 46.42-4-3.16

7—9 77.7443.61 44,404-2.56

8—9 74.40-+1.71 41.5743.65

10—9 78.2240.72 43.134=2.98

Z5 5 Mean 77.504=2.57 43.634-3.94
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W fT R £ 2 » BEREE Y R G e B (quadrivalent) > HEFIK 8 T (zig
zag type) ~ Bk (ring type) m#ik (chain type) o FHtalse 4R HE » AIERE (alte-
rnative) ~ ## T (adjacent 1) R##H I (adjacent 1) ZFSEA K » EAERERLT (HE2

1 17! 9 9!
I L}
ok : ;
Plant ' :
! i
' ]
1
1 9
1 9
Ro# W e
Pachynema - ’ b === [ 2puu
1° i 9
1°11119
y ~._ 1 \9
"‘ 1 9 1
il }— A / ‘, // \\‘. \!
Diaki ,' )
la ln9515 \‘/ ’\\‘-’ ’,, \ v/
: : 1 g .9 g .79

(D) 65 (5
=) ) A

Survival Lethal ' Lethal

T
5

Survival Lethal Lethal

B2 4EERBEEBEEIHZTE

Fig. 2. Meiosis of @4 translocation heterozygote.
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) R EHTEEY (EES EATESE ) » 433% » A AR 33% ™ o (L4 Brink
(1927)® ~ Burnham (1934) @ BARBZ R (RE3) » BAOI MERBEAAL ZEEER
SEEE50% » BR R HIN IE S B o

A B
1
/\ o 1 ~. 9
:..' o,
R
19 Qe 91 1 ........... 1
Alternative I Adjacent I
C D

\'.. o N \. Q i "Q."'
1 o 1 ey et 9
9 1 Q
Alternative H Adjacent H

3 @ARERERHTE S 2B

Fig. 3. The figure of ®4 chromosomes by co-orientation segregation.

McClintock (1930) ZE®4 24 E e A RE A (co-orientation) XAV BE » A IRES
W2 EEH (diakinesis) @R 3 FmEHZIEY » Hh BREMEL » DEBELIRA 255 »
R MELT ARERIE © ABLCE 8 FHHT » TREMRZ 58 » ERIEHET ~ HPHRABRCE
rhEi (centromere) HEFINF » Rk HIBZREZE I BEZET o MR LMBESFIA A HE 2 B
BH% > S EERB50% ' o Boussy (1982) AZRGHEE 3 287 » B E I HAZ AL BER L
BHARPES  EFHNBERNAETR » DERHEEZEE @ \ 7

Burnham (1950 ) BIZ&SFEHREESZHAVERL (interstitial region) ZEAEREBEEH (
crossing over) [ » G ZTH. » #EE THEE T ZHEl > RES > AIRETZHATE > =
LHZGWHE50% © o RIt©4 fpE RS A BT Wi H 2 B 2 Y (S 55 A PO B
FPEF > IR Bt » (R E 55 BE150% » W Z BT HREEFRRS0% o

. EAE5EES (chain of four) BIERMIE—REREE Y FEEE » RERIITSECYE » E8HK
# (diplotene stage) KR Eif. (chiasma terminalization) SEEE#Hh » 3ERED » HILE
5K o Burnham (1950) BRocpbfEmGiss » AT EEBEL » BREREMNR50% © o FEILH
R m RS > SRR ERN AR > RALMARARETHEIEER » HERAESRZRER
HE50% o
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©6 R F I 4 B Yt BE AR IS I ANTT SRS 0 B AT REBLZ PP E R oCo » JLET10M
(RE4) » HAE AT TR EEHART » NHEEEERS10% - {4 Garber (1972) R A IE
A A G I N et 2R E S S (RIE4) o RILEEEmER
EEEEFI 2 Y (1,9,2°,19,9,,2) » (1,9,2,719,9,2°) » (1,9, 2.71°,9,2°) & (1,
92,20 /19,91, 2) o Horpr (1,9%,2°71°,9Y, 2) ZHAGHMBELAMI  EEFUET » KT
Wi » R EERES25% 0 o kMR McClintock (1930) fyfEER ' » ©6 HEE R AR EIR
T S e > BIFIJES a8 (homologous chromosomes) Z/EifAA# I (metaphase I) &
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ARG 2 4 EO6 JeaiE R NEA B IEERTINE 4 CREEZ R ORERE 2T
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e EEBEET A VLR o NG AA 2B EEEI0%DHEIEEE » MH25%EEST » BURNE
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N6 A ZEEEE » Garber (1972) HEFEHEREE 0 » AR FEH! o #1KIE Burnham

(1950) H@©4 FEpaEEFY MEy © » M2 O6 MR Yt bl i 5 2 M3 R T mE » E
R TR A O > A H RS S P AL A S W B ERE » TRE RO Z P E B o B - 7
@6 HEH > ESHPES WEY > HiLo Bz HRICE 20 BAs - EE S EMET b ERE
DG » BB -

By LR TR » Rl G pam e RIS 2 R BT HAKEN ¢

e B AR I — S e B > B BE S LA T BN In— (% > (BSURE R T RS HEE RS RS
s R % — B 4 B A B > RSB EREIAR o tRRLEDFT IR O8 ZREEER 12.5% > @10 &
6.25% » B & TR A & AR AT K BLR T ©
ZHEETERREN L2 EEE A (interchange complex) K (Fl204) ZHEEERM

9 Garber (1972) FIF 1—2 B 3—4 Rl Tme » AEEK1—2 83 — 4 EEDRE
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HLARTEEGEF L MEEEGBZREENAAR

=11 2 X100

n WEEEEZEE

I EIRRR
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Table 5. The gametes and fertility of 2@®4 translocation heterozygote.

& 13 B & i3 % ‘ _ . )
_ BT m ok oW 4k
Translocation chromosome \
| ‘ Gamete %
1—2 3—4
o [
alternative alternative + & 23 9,
alternative adjacent b A 25 9
adjacent alternative 3L o= 25 9
adjacent adjacent It = 25 9%
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Study on Chromoesomzl Translocation to the
Fertility of Cron'

Kong-Sheng Liu* and Cheng Chen’®

Summary

The fertility of translocation heterozygote would decrease because of some gametes
were aborted at gametogenesis due to chromosome segments duplication and deletion.
To investigate the effect of chromosomal translocation on fertillity, we examed the
fertilities of translocation homozygotes and heterozygotes of (®4 and (®6 combinations.
The results showed that: Fertilities of (&4 combinations were about 50% and (©6 were
about 25%. Because of translocated chromosomes were separated by co-orient segregation
in meiosis of translocation heterozygotes so that some gametes would be aborted and
fertility decreased. The decreament of fertilities were positively correlated with the
number of translocated chromosomes involved in translocation heterozygotes, that
fertility should be calculated by 2/2"x100%, n: denote the number of pairs of translocated
chromosomes.

1." Contribution No. 1196 from Taiwan Agricultural Research Institute. Part of a thesis submitted by
the senior author in partial fulfillment of the requirement for the Ph. D. degree at National Taiwan
University. ’

2. Agrﬁﬁomist, Department of Agronomy. TARI, Wufeng, Taichung Hsien, Taiwan 431, ROC.

3. Professor, Department of Agronomy. National Taiwan University, Taipei , Taiwan, ROC.
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Studies on the Fhysicochemical Properties of
the Tubers of New Sweet Potzte Lines'

S. Y. Liw?, C. L. Liang? and L. Li®

Abstract : This study was conducted with 17 new sweet potato lines and one commer—~
cial variety to investigate the physical and chemical properties of the tuber powder
and to find out the relationship between tuber dry matter content, reducing sugar,
starch content and enzyme activity of tuber amylase,

The starch granular size of these sweet potatoes ranged from 8.05X725z to
28.98%26.87¢. The viscosity of the tuber powder solution at 90°C was about 20 times
as large as that at room temperature. After cooling from 90°C to room temperature
the viscosity was much higher than that at 90°C. The average dry matter content of
these new lines amounted to 36.6 %, being much higher than that of Tainung 57(27.8 %).
Three new lines had a dry matter content more #han 40%. The tuber moisture
content ranged from 56.3 to 72.2%, Tainung 57 had the highest moisture content,
being 8.3 % higher than the average.

The tuber starch content on dry basis ranged from 61.99 to 75.38 %. More than
half of the new lines had a higher tuber starch content than the average (67.93 9%). The
tuber starch content on wet basis ranged from 18.42 to 30.68 %. The commercial variety,
Tainung 57, had the lowest tuber starch content on wet basis due to its low tuber dry
matter content, while C 71-96 had the highest tuber starch content both on dry and
wet basis. The average reducing sugar content was 3.71 %. C71-196 had the highest
value of 8.44%, while C66-33 had only 0.24 %. The amount of the reducing sugar in
tuber indicated that amylase more or less existed in the tuber. This enzyme can convert
starch molecule into reducing sugar under normal pressure and temperature.

High significant relationships were found hetween these physicochemical propeities,
namely, tuber dry matter content and tuber starch content on wet basis (r=097) ,
tuber starch content on wet basis and tuber starch content on dry basis (r=0.77) and
reducing suger content and amylase activity (r=0.98) . Because of the close relationship
between tuber dry matter and tuber starch content on wet basis, the tuber dry matter
percentage could be used to evaluate the tuber starch content on wet basis. A regression
equation ¥=082664 X—5.25795 was then derived, where Y was the tuber starch content

on wet basis and X was the tuber dry matter.

1. Contribution No. 1197 from Taiwan Agricultural Research Institute. This study was supported in
part by a grant from the Council for Agricultural Planning and Development, Executive Yuan,
R. O. C.. The authors thank Dr. C. Liu for his help in statistical analysis.

2. Agronomist and project assistant, respectively, Department of Agronomy, TARI, Wufeng, Taich-
ung (431), Taiwan, R. Q. C..

3. Senior agronomist and director, Chiayi Agricultural Experiment Station, TARI. Chiayi city, Tai-
wan, R. O. C..
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Introduction

Starch has a wide apphcatlon p0351b111ty in many industries such as food and sugar
industry. In the past years the oil crisis made it a valuable substitute energy resource.
Because of insufficient storage of crude oil in the world, the importance of starch as
a material to produce ethanol will distinctly increase in the future.

Except rice, sweet potato is a main starch resource in Taiwan, it can be grown three
or four times a year with high yield and the tuber roots are rich in starch. Many
factors affect the starch content of sweet potato, such as variety difference ™, location
and year effects ™, and soil and fertilizer factors ‘»»%%%%, The autumn crop produces
much higher tuber starch content than spring and summer crops do ™. Long storage as
well as early harvest generally decrease the starch content (1214,

The quality of the sweet potato starch depends on the flavour, the colour, the visco-
sity and the component of the tuber . Good tuber starch has good flavour, high visco-
sity and high starch content. The present study was to evaluate the starch quality of
the new sweet potato breeding lines by determining their powder physicochemical proper-

ties.

Materials and metheds

1. Material
A total of 17 breeding lines along with a variety were included in this study(Tablel).

They were grown in autumn of 1983 in three locations with growth period ranging

from five months to six months. The experiment design in each location was 6 replica-
tions RCBD, with plot size of two rows of 8 m long. Pooled samples of middle sized
tubers were used for all tests.

2. Methods: Each of the following determinations was made at least 4 times.

Granular size of tuber starch was observed with an Olympus microscope at 400 X
power and the granular length and width were described.

One hundred ml of 9% tuber powder solution were taken to determine the viscosity
value from room temperature (25°C) to 90°C with the Brookfield LVT viscosimeter.

One thousand g of root tuber pieces were heated in oven at 70°C for 24 hours to
determine the dry matter and moisture content of the tuber.

Dry tuber powder was hydrolysed with acid-catalyzed method (25% HCI) and then
neutralized with NaOH solution. After dilution, 5 ml of the diluted starch solution were
taken to detect the sugar content with the Somogyi reagents. From the sugar content
of each powder solution the starch content on dry basis can be calculated.

To determine the precise moisture content of dry tuber powder, two grams of pow-
der were heated at 105°C under normal pressure until the constant weight was reached.
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To determine the reducing sugar content of dry powder dry tuber powder of 0.5g
was first diluted to 100ml. After stirring for one hour, 5ml of the diluted solution were
taken to detect the reducing sugar content with the Somogyi method.

The starch content of each line or variety on dry weight basis was multiplied by
its dry matter content to get the tuber starch content on wet weight basis.

The amylose content of each tuber powder was determined with the automatic indus-
trial amylose determination method of Lachat chemicals, INC. This method is based
on the reaction of iodine with amylose to form a complex which exhibits a blue colour
and can be read at 620 nm.

Determination of the enzyme activity of starch amylase under standard condition:
One ml of 0.5% tuber powder solution was mixed with 9ml of 0.56% standard starch
solution (from Sigma, pH 5) and put on a waterbath of 40°C for 30 minutes. The redu-
cing sugar content produced was determined with the Somogyi method. From this
value the enzyme activity can be calculated with the following formula: Enzyme
activity=0.1 x mg of glucose produced x dilution factor.

Table 1. Location and cultivation period of 17 sweet potato lines and one variety

Lines & variety Location® Cultivation period (Month)
C 64- 4 CAES 5.5
C 64- 42 YCD 5.0
C 65-336 | CAES 5.5
C 66- 33 | YCD 5.0
C 66— 41 YCD 8.0
C 66- 73 YCD 8.0
C 710-111 SYD 6.0
C 70-141 SYD 6.0
C 70-220 SYD | 6.0
C 70-245 SYD 6.0
C 70-295 SYD 6.0
Cc 71- 92 CAES 5.5
C 71-9% ; CAES 5.5
c 171- 96 CAES 5.5
Cc 71-187 CAES 5.5
c 1-171 CAES 8.5
C 71-196 CAES 5.5
Tainung 57 YCD 5.0

@

A. E. S.: Chiayi Agricultural Experiment Station, TARI;Y. C. D.: Yuen Chang District;S.
D.

C.
Y. : Shui Yen Di.
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Results and Discussion

The tuber starch granules existed in single grains surrounded by a protein mem-
brane which could be destroyed by heating. Under microsscopic observation the starch
granules showed three distinct different sizes. The average size for the large granules
was 25.38%23.74 #, for the middle ones 17.03x15.16 # and for the small ones 10.32X
9.38 2. Line C 71-157 had the largest granule (33.81x33.01 #) and the largest middle
granule (19.32x17.71 #). Line C 70-111 had the largest small granule (12.88%11.27 #).
Line C 71-92 had the smallest granules in general (Table 2).

Table 2. Granular size of tuber starch

Lines & Variety Range of l(a;;%c granular | Range of rréi;i%le granular| Range of s(n;fx)ll granular
L
C 64- 4 24.15%23.35 16.10% 14.49 ‘ 9.98x 8.86
C 64- 42 28.98 % 28.76 | 1771x18.10 10.47%x 9.98
C6 5-356 24.15x23.55 116.10; 14.49 8.05x 7.13
C - 66- 33 27.37%x24.18 18.52% 1771 9.66x 8.86
C 66— 41 24.47x24.15 17.71x 16.91 9.66x 8.08
C 66- 13 28.18%24.96 18.52% 15.30 11.27%10.47
C 170-111 24.96% 24.15 1771x16.91 \ 12.88%x11.27
C 170-141 2496%24.15 1771%x18.10 ‘\ 12.08%x11.27
C 70-220 27.37% 25.76 18.52%x 1771 8.86x 8.05
C 70-245 21.74%18.32 14.81 % 14.49 10.47x 9.66
C 70-295 22.54x 20.93 3 16.42x16.10 11.27x10.47
c 71- 92 20.93%x 20.80 \ 14.49%13.69 8.03x 7.25
C 71- 9% 23.35%20.13 1771 x 9.66 11.27x 9.66
Cc 71-96 22.84x21.74 16.10% 15.30 11.27x10.47
Cc 71-157 33.81x33.01 12.32x 1771 11.27x 9.66
c T71-171 20.93x%19.32 15.30%x 11.27 8.37x 8.5
C T11-196 27.37% 25.16 1771 x 14.49 11.27%x10.95
Tainung 57 28.98 % 26.57 16.10x 14.49 9.66x 8.05
Average 28.38x23.74 17.03%x 18.16 10.32% 9.38

The viscosity of tuber powder solution was largely affected by temperature. The
average powder viscosity at different temperatures weas 2.25 at initial room tempera-
ture, 2.00 at 40°C, 3.05 at 60°C, 44.77 at $0°C and 61.55 at final room temperature.
The value at 90°C reached highest (100 centipoises) in 4 lines such as C 64-42 and
nearly 100 centipoises in two lines such as C66-41. After cooling the temperature of the
solution from 90°C to room temperature the viscosity largely increased, except in four
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lines such as C 70-111. The viscosity value of Tainung 57 was 44 centipoise at 90°C,
more than 20 times of that at initial temperature, and reached the highest value after
cooling to final room temperature (Table 3).

Table 3. Viscosity of 9 % tuber powder solution in sweet potatoes at different temperatures

Viscosity (Centipoise)

| l (

Lines & Variety ‘ ﬁ
| 25°C | 40°C [ 60°C | 90°C | 25°Ce
‘ !
C 64— 4 ’ 2.13 1.95 2.00 ( 23.75 100.00
Cce—42 | 2.53 2.55 1.88 | 100.00 100.00
C 65—35%6 | 1.98 1.77 2.58 ‘ 64.65 100.00
|
C 66— 33 | 485 3.83 3.88 | 20000 100.00
C 66— 41 1.95 1.65 1.88 | 97.70 100.00
C 66— 2.10 2.43 1.83 | 5.93 80.75
C 70—111 ’ 1.98 1.58 4,03 ‘ 10.03 .75
C 70—141 | 1.95 1.63 5.40 433 7.80
C 70220 \ 2.60 2,03 9.28 31.68 32.38
C 70—245 1 1.50 l 1.65 3.10 | 9.65 32.73
|

C 70—295 ‘ 2.00 J 1.83 2.43 100.00 100.00
C 71— 92 218 | 2.08 1.90 480 27.08
C 71— 94 1.98 \ 1.33 2.65 9.03 8.88
C 71— 9 2.33 2.15 ‘ 3.90 5.38 6.00
C 71—157 213 1.68 1.80 100.00 100,00
C 71—171 2.15 2.15 2.65 f 3.99 20.80
C 71196 2.20 1.50 1.48 90.57 100.00
Tainung 57 1.98 2.00 2.18 | 44.30 100.00
Average 2.25 2.00 3.05 | 44.77 61.55

a After being cooled from 90°C

All breeding lines had higher percentage of dry matter than Tainung 57, the high-
est value was 43.5 % of line C 70-220, followed by C 70-295 and C 71-96 (40.7%)
(Table 4).

The average range for tuber starch content on dry basis of all sweet potatoes was
between 65.83 and 69.62 %, with a difference of 3.79 %. Line C 71-94 had the widest
range of 7.90 % in its starch content, followed by C 66-41 with a range of 7.15 %. The
smallest difference came from line C 71-96 and was only 0.87 %. Tainung 57 had a
difference of 2.93 %. Line C 71-96 had the highest starch content of 75.38 % on dry weight
basis, followed by C 71-157 (71.81 %) and C 70-141 (70.02 %). All new sweet potato bree-
ding lines were of high starchy class (Table 4).
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The value of the tuber starch content on fresh weight basis could be obtained from
multiplying dry matter content percentage by starch content percentage on dry basis.
Line C 71-96 had the highest starch content of 30.68 % on fresh basis, while the variety
Tainung 57 had the lowest starch content of 18.42 %, because its dry matter content

was very low. The average wet starch content of all sweet potatoes was 24.59 %
(Table 4).

Table 4. Dry matter and starch content on dry and fresh weight in sweet potatoes.

Lines & Variety Dry matter | Starch content (‘% d.w.) Starch content
(%) Range Mean (% f. w.)
C 64— 4 34.0 66.27-62.63 65.39 2223
C 64— 42 | 32.3 68.52-66.78 67.59 21.83
C 65—356 333 65.57-62.38 64.20 151
C 66— 33 345 69.26-66.37 67.74 | 23.37
C 66— 41 34,5 72.34-65.19 | 68.88 23.69
C 66— 73 | 32.4 68.19-65.09 67.84 21.98
c 70—111 376 69.70-65.23 68.38 | 25.71
C 70—141 39.7 71.00-68.95 70.02 | 27.80
C 70—220 435 71.95-65.43 68.09 29.62
C 70245 371 71.59-66.53 68.48 25.12
C 70—295 | 407 67.50-68.31 66.26 6.97
CTl — 92 39.5 71.06-67.57 609.51 27.46
CTl — 94 36.7 70.68-62.78 68.05 24.97
c7l — 9% | 40.7 75.65-74.78 75.38 30.68
Cc1l —157 30.3 73.29-71.00 71.81 ! 28.02
c71 —171 34.8 ‘ 68.92-66.03 67.06 1 23.34
Cc71 —196 314 64.22-58.34 61.99 | 10.46
Tainung 57 | 27.8 67.56-64.63 ‘ 66.25 i 18.42
Average | 361 60.60-65.83 \I 6793 | 24.59

In regard to the reducing sugar content of dry tuber, C 71-196 had the highest value
of 8.44 9%, the same line had the lowest starch content on dry basis, line C 66-33 had the
lowest reducing sugar of 0.24 % and Tainung 57 had a content of 3.55%. The average
reducing sugar content of all sweet potatoes was 3.71 % (Table 5).

After being heated in oven at 70°C for 24 hours, the dry tubers of all sweet pota-
toes still had a moisture content from 7.05 % to 11.33 %, with an average of 9.52 %.

The average amylose content of all sweet potatoes was 14.25 %, which was lower
than that of other starchy crops such as potato'®. Two lines, C 66-33 and C 66-73, both
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had the highest amylose content of 17.32 %, followed by C71-94 (16.70 %), while two
other lines, C 70-111 and C 70-141, both had the lowest amylose quantity of only 8.50%.

The variety had 13.23 % of amylose content (Table 5).

Table 5. Reducing sugar, moisture and amylose content of tuber powder in sweet potatoes.

Reducing Sugar H,0O Amylose
Lines & Variety
(%) (%) (% d. w.)
C 64— 4 4,08 7058 13.23
C 64— 42 1.29 8.54 15.44
C 65—386 4.97 11.03 14.80
C 66— 33 0.24 11.08 17.32
C 66— 41 2.56 10.68 16.06
C 66— 73 0.88 10.27 17.32
C 70—111 3.49 11.33 8.50
C 70—141 4.65 10.16 8.50
C 70—220 4.37 9.68 15.11
C 70—245 5.25 9.34 13.54
C 70—295 6.72 9.55 13.84
C 71— 92 3.27 6.58 16.06
C 71— 94 413 8.17 16.70
C 71— 96 2.74 7.28 14.49
C 71—187 3.40 897 14.80
C 11—171 2.10 8.50 13.85
C 71—196 8.44 9.01 13.85
Tainung 57 3.55 9.40 13.23
Average 3.71 8.52 14.25

In tuber there was more or less amylase, which could convert tuber starch into sim-
ple sugar units under normal pressure and ‘temperature. The activity of amylase,

affected by both temperature and variety, was in direct proportion to the reducing
sugar content. Line C 71-196 had the highest enzyme activity with a value of 8.53. The

amylase activity of the variety

40°C (Table 6).

Tainung 57 was 3.6 units at 25°C and 4.6 units at

Under standard conditions (temperature 40°C, pH 5.0 and 0.56 % standard starch
solution) the amylase of sweet potato tuber could easily break the «-1,4-glucosidic lin-
kage at each possible site of starch molecule into simple sugar units, consequently the
total reducing sugar content of the solution increased. The actual reducing sugar quan-—



28 Jour. Agric. Res. China 34 (1) 1985

Table 6. Reducing sugar and amylase activity in sweet potato tubers.

Reducing sugar (mg/25mg wber) | AMYase activity ualc (me reducing
Lines & Variety |-————————7— ——

r. t. (25°C) 4 40°C r. t. (25°C) 40°C
C 64— 4 1.030 [ 1.318 4120 5.272
C 64— 42 0.324 L 0.515 1.296 [ 2.060
C 65—356 1.265 l 1.619 5.060 | 6.476
C 66— 33 0.310 | 0.397 1.240 1.588
C 66— 41 0.647 l 0.828 2588 3312
C 66— 73 0.221 E 0.329 0.884 | 1.316
C 70—111 0.883 1.130 3.532 4520
C 70—141 1.180 1.295 4,720 [ 5.180
C 70—220 1.103 1.501 4412 % 6.004
C 70—245 1.325 1.428 5.300 | 5.712
C 70—295 1.692 2.166 6.768 ( 8.664
C 11— 92 0.824 0.942 3.296 | 3.768
C 71— 94 1.045 1.162 4180 J 4.648
C 71— 9% 0.691 0.962 ‘ 2.764 ! 3.848
C 7—157 0.853 1.092 | 3.412 | 4368
C 71—171 0.72 0923 | 2.884 i 3.602
C 71—196 2.133 2.730 £.532 10920
Tainung 57 0.897 ‘ 1148 ; 3.588 459
Average 0.952 1.194 5 3.810 4.774

r. t. . room temperature (25°C)

tity was obtained by subtracting the increased amount from 25°C to 40°C from the
total reducing sugar. From the value of actual reducing sugar content the enzyme acti-
vity of amylase in tuber under standard conditions could be calculated. Line C 71-92
had the highest amylase activity of 563.28 units, while C 70-220 the lowest of 494 units.
The amylase activity of Tainung 57 was 517.6 units, lower than the average of 525.2
units (Table 7). Comparing the results of Table 6 and Table 7, a much higher reaction
efficiency of tuber amylase under standard condition was found, being 110 times as high
as that in tuber.

Correlation studies on these physicochemical properties of sweet potatoes showed
highly significant relationships between the tuber dry matter content and starch content
on fresh basis (r=0.97), the starch content on fresh basis and the starch content on dry
basis (r=90.77), and the tuber reducing sugar content and the amylase activity (r=
0.98). Significant relation also existed between the tuker dry matter content and the
starch content on dry basis (r=0.58) (Table 8).
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Table 7. Amylase activity of tuber powder in sweet potatoes under standard condition.

Reducing sugar(mg)of standard ?f?ff’.iffé‘?f??ffd‘?? Amylase activity unit (mg
bines & Variety Total | actual e e Prees™
| | ®
C 64— 4 63.90 ? 62.58 500.64
C 64— 42 65.65 | 66.13 529.04
C 65356 65.00 | 63.28 507.04
C 66— 33 65.15 i 64.75 518.00
O 66— 41 £6.55 | 65.72 525.76
C 66— 13 6715 67.42 539.36
C 70—111 £5.40 6521 522.16
¢ 10141 71,70 70,40 553.20
¢ 70—220 63.25 6175 49400
C 70245 65.70 6327 522.16
C 70295 63.55 | 63.33 | 507.04
C 71— 92 7.35 i 70.41 | 562.23
C 71— 94 69.25 L 68.09 ‘: 544,772
C 11— 9% 67.45 | 66.49 53192
C 71157 68.30 ] 67.21 | 53768
C 71—171 65.70 | 65.78 534.24
C 71—198 64.70 ? 6197 495.76
Tainung 57 65.85 % 64.70 517.60
Average 65.4 | 65.65 525.20

Table 8. Correlation coefficients of the Iﬁhsfsicochendical properties of sweet potato starch.
p

roperty  vissostey DY, Bedueine Stexoh Siavcy anylcse dmplase
Viscosity ~0.04 -0.49°  0.02  -0.03  0.38  -0.36
Dry matter -0.04 0.15 0.58°  0.97"" -0.17 0.12
Reducing sugar —0.49* 0.15 -0.44 -0.01 -0.39 0.98**
Starch (d.w.) 0.02 0.58°  -0.44 0.77"" -0.01  -0.50"
Starch (f.w.) -0.03 0.97""  -0.01 0.77" -0.14  -0.05
Amylose (%) 0.38 -0.17 -0.39 -0.01 -0.14 -0.34
Amylase activity -0.36 0.12 0.98"" _0.50" -0.05

*, #% ; Significant at

the Q.05 and 0.01 probability levels,. respectively.
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From the close relationship between tuber dry matter content and starch content on
wet basis, a regression equation was derived. ¥ =0.82664 X —5.25795, where ¥ was the
tuber starch content on fresh basis and X meaned the tuber dry matter content. The
slope of the regression line indicated that with every increase of 1 % of tuber dry
matter, an increase of 0.83 % of tuber starch content on fresh basis was obtained (Fig.

1).

as | 1-0.82664X - 5.25795
r=0.96599
N=18

w. 2

F.

STARCH CONTENT X

n N 8 n N}
\N m m <+ <+ n

ORY MATTER (X3

Fig. 1. Relationship between starch content (¥) and dry matter (X) in sweet potatoes

Conclusion.

Tuber dry matter content in sweet potatoes was found to have a closer relationship
with starch content on fresh basis than that on dry basis. The result of the present
study showed that every increase of 1 % of tuber dry matter content would give an in-
crease of 0.83 % of tubér starch content on fresh basis. Li and Liao ‘" (1983) also indi-
cated that 0.63 % of crude starch content could be expected from each percent of tuber
dry matter. The development of sweet potato varieties with high tuber dry matter
content through breeding should be therefore emphasized.

The average starch content on dry basis of all sweet potatoes was very high with
a value of 67.93 %, being higher than that of other starchy crops in Taiwan such as
cassava (58.1 %), arrowroot (64.0 %), yam (66.7 %) and edible canna (65.3 %) ® . In
addition to the high starch content sweet potato is a high yielding crop with three or
four crops a year locally ' and can produce a high starch yield.

The starch quality is related with the factors like flavour, viscosity, colour and starch
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content. Good quality requires good flavour, high and stable viscosity, white colour
and high starch content. After assessment with these factors the following lines were
selected to be of batter quality in their starch: C 64-4, C 64-42, C 65-356, C 66-33, C 6641,
C 70-295 and C 71-157.

Considering the world’s reserves and the annual consumption and the still increa-
sing rate of consumption, the possible providing years of the following fossil fuels were
estimated to be 30 years in oil, 50 years in gas, 76 years in uranium and 300 years in
coal 1. Because of the limited supply of fossil fuels and other possible difficulties like
political, technical and secure problems all nations in the world have been trying to
explore possible energy resources. Alcohol, one of the many found substitute energy
resources, is specially attractive because it can be easily produced by starchy or sugary
biomass %'V, All sweet potatoes tested in this study are rich in starch content, hence,
on the one side they can provide a high starch yield, on the other side they can also be
used as materials for producing alcohol.

Literature cited

1. Anderson, W. S. 1936. The influence of fertilizers upon the yield and starch content of the Tri-
umph sweet potato. Proc. Amer. Soc. Hort. Sci. 34 pp. 449-430.

2. Constantin, R. J., T. P. Hernandez and L. G. Jones. :1974. Effects of irrigation and nitrogen ferti-
lization on quality of sweet potatoes. J. Amer. Soc. Hort. Sci. 99 pp. 308-310.

3. Constantin, R. J., L. G. Jones and T. P. Hernandez. 1975. Sweet potato quality as affected by soil
reaction (pH) and fertilizer. J. Amer Soc. Hort. Sci. 100 pp. 604-607.

4. Constantin, R. J., L. G. Jones and T. P. Hernandez. 1977. Effects of potassium and phosphorous
fertilization on quality of sweet potatoes. J. Amer. Soc. Hort. Sci. 102 pp. 779-781.

5. Duncan, A. A, L. E. Scott and F. C. Stark. 1958. Effect of potassium chloride and potassium sulf-
ate on vield and auality of sweet potatoes. Amer. Soc. Hort. Sci. 71. pp. 391-398.

6. Hsieh, P. T., S. S. Tsai, C. C. Wu, P. Y. Wong and R. Dantabuta. 1971. Influence of application
conditions of nitrogenous fertilizer on physical and chemical properties of rice. J. of
Chinese Agric. chem. Soc. 9 pp. 92-97. (in Chinese).

7. Li, Liang and C. H. Liao. 1983. Variation in crude starch percentage of sweet potato (Ipomoea
batatas (L.) Lam.) J. agric. Res. China 32. pp. 325-335 (in Chinese).

8. Lii, C. Y. and S. M. Chang. 1978. Studies on the starches in Taiwan [. sweet potato. cassava, yam-
and arrowroot starches. Proc. Natl Sci. Counc. R. O. C. 2 pp. 416-423.

9. Liu, S. Y. and C. L. Liang. 1983. Studies on tbe efficiency of alcohol production in sweet potato,
cassava and potato. J. Agric. Res. China 32. pp. 111-121.

10. Liu, S. Y. 1983. The current developments and future trends of the substitute energy resources.
Special publication of chinese agricultural groups 1983. pp. 101-111 (in Chinese).

11. Liu, S. Y., C. L. Liang and T. H. Chen. 1984. Studies on the biomass yielding capacity, juice qua-
lity and alcohol production potentiality from sweet sorghum in Taiwan. J. Agric. Res.
China 33. pp. 236-246.

12. Purcell, A. E. 1978. Changes in dry matter, protein and non-protein nitrogen during storage of
sweet potatoes. J. Amer. Soc. Hort. Sci. 103. pp. 190.

13. Samuels, G. 1967. The influence of fertilizer ratios on sweet potato yield and quality. Proc. Int.



32 Jour. Agric. Res. China 34 (1) 1985

Symp. Trop. Root crops. Section II. pp. 86-92.
14. Sistrunk, W. A. 1977. Relationship of storage, handling and cooking method to color, hard core

tissue and carbohydrate composition in sweet potatoes. J. Amer. Soc. Hort. Sci. 102 pp.
381-384.

H 353 2R EN T Z

3

BHHR BHL £ K

1 =

KPR W H LTRSS R S THRMIR 2 IS » FEDGF A E 2 B RN T
R~ BT > IR & BRI A R 2 A P A TR 4R

B E T > BI8EH MR () AR It 28.98<26.574 8.05X7. 2542 [H]

o BT HE BB NI BT 90°C B2 FEIE A I mE I A201% o h90°Cry AEI =Ry » Jhk

B R LTS NECTO-1IIRCTI-MA SR H R 2 TRE A « B=EHMRZIR iR a
1BiBA0% » THHTH HEFN R 2P 36.6% » BESILEZROTHRMN27. 8% 5 o WIRZ &K
BRI BOTIR R (72.2%) » B &KEZPIEES.3% -

TEALEVEE T » B34 H IR 2 B B A0 IR 7E61. 99% 1275, 38% 2 i » ILanminiE 2
TREKERKHER o 2 1THEFRAFH S3%H R B &2 BTHE (67.93%) » AIERE
(B FR AR 61.99 %IRRT » BT LIS L H HIER B R BN 2 1 MR o IREFERR R S8R
7618.42—30.68% 2 [H] o ST 2 AR » I PIBAFIR BN E » HEEBRLER
FIAEBZRH#EFRIES (18.42%) » T CT1-96RIFE: A A RiAMHERZERI R o K 2 (L8
ke BRI 2 196 B 14.25% > HBI7E8.50%117.32% 2 [ o MM Z TR REES
BE3.T1% » BE{HE8.44% » IAKMIE0.24% » WWEUR7EMR 70 B 3D BV IO KR SR
> FAH IR BE T RE 43 MR SRR BBk 3 8 RO o

EFEMBZEAEE S » BT ERE S R EEEBR © RIRE) R ERR R 5

(r=0.96599) - WFEBIHZREGERHE (r=0.76782 ) DIERIRE & BB K ARRER 2 1S
(r=0.98117) ° dRBIRTEA B MR S B PRRY 25,2 BRERR AR 46 U » T LAWT b H S SR SE R 3K A
BOREIR R © I E 2B ER T ERE ¢ ¥ =0.82664X—5.25795, ¥ R AR kFE B R
» XEBMREME » Kb FRFRENEEYE 1 % » IS8 IH RS BN 20.83% o LLHER]
MARERDHEFTFRELFZ RS -

L EEART HRRES B TBIE LR R R R B - Gt S H AR R
B > LB o
2 KB A R B G

KB RAREER TR - Y

i o



HEE 2R (Jour. Agric. Res. China) 34(1) : 033~044 (1985)

MW EEEGHSSEETESHAZIARL

WE L EH ISR NIRRT TR B 125~ 100ppm FRAERER GA (Gibberellic acid) » 7]
%7585, 3% TR o GA JRIEFH T (156.9) HUNRIE R 2 B B M A Sl
Bk o BIEH 10K BERLIGA 25ppm i FIHABHLITHER FUILA o ‘

i 12.5~50ppm #oR AR ey 4-CPA (4-chlorophenoxyacetic acid) T[EFEE93.4%4Y
SR THRE > (BIRMIRE o RIS (§53.60)  BAMIREEAEAR22.2% o

LB S R G ABLA-CPA AW (125~50ppm) » T WIZE 55 100% 916 T 428 o
TSP AER R 209° Brix o GRS NEE 27.9% (R THRRZ R RILEH T
BIEEA °

FERITERG I Bk 1 4 T1088 SRR AT R (TR - B R BA
B 1S R o TERIESERTSE TR IEER » ELEVRLR N ELRE B N BT R L
W N44.4% o

U LR L AR T AR B B ¢ U R R TR BOR AT 5 DR
R FRER ©

SENETERE T 3 ~ 4 (H BITEHE T AR BN, » AR BTERT I PR EE O ~ 10 1 > Dldg s
18.8ppmMYGA Bl A-CPA ByRAWE TG » BRIEHI0RLE, GA 25ppm FRITRRIEMZH
Ik WA R

&% ARRRE >
i RHERE

EA19504E (% Gibberellic acid (GA)BLE WM AKHERE - % ~ O FELBERE 1958
. 19604 A A% Kishi . Tasaki W %% n# Delaware Z{EFRETENIIORE GA 100
ppm > BIEHFEMET GA HTRIEE » HESRWHRHET Delaware fmlELBTHE - B
WIEEEEER GA EEERN S ~ 4 BRI - AN ARET LR EERNE » 72 10
G (1969$E$%$M(Eﬁ§1’) Delaware B#&4£E » ZEBEEREM2%AEHE GA FRIIsRE
RURTHRE @ o g Delaware FTEAAVETHZ SRR » RETRNENS~ILATMNE » TEE
BB ENENR » B T1976 R EEABKFIN GA RIAHEETEIEEE © 5 19804E5E
19824E Y20 18 FIA] Parachlorophenoxyacetic acid (4-CPA) & GA E& 4+-CPAG#EET
HigEE% Y 5 19834/ NERBEEFIHMEE (Streptomycin) RIFERTEREE © o

R TR 1982 R B E 4, 04T E @ > REEHL80% Lk Wb D ERNERE -
BRI RER 4 (FEEEHK BN HEEREN0~1,2004% » TR TLE R TfHTﬁm%EH’J
A EEE » i BT DR R RCGE R RE EHIRVIE R - o
1EME BEART WRRES 1108 %f!" o RHEETEEEZERHY ( U—RER—43—E—0D ’g;@j:

REAEAEER R IEBEIRR IR R > SRS -
2 AFTEEREATEA o ZEE saﬁiﬂ% BT -
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PR G E R E RBIRIA RS E R 98 B AT » BoRA 5 bl h R RPN EER
BREE > o EERF B RTCAE = T (T e » DA 4 B LU A % 6 T L 2 Bl B T 28

MRS ®

RABITEE B AY A RS B N R A E RS EKRE® (Kyoho) (Ishiharawasix
Centennial) » FZWMELEE + BhL » ERBEAGHNE » BISTEARARHA: EREFR® K51
BERE R BN AOREE RREET » RIB4AFE LR b~PRETES ~#F > 2A7HE
LBRTEE » BI4ARR20E A DRI RCER » AT 7I& A2 A -

— RERER

HBPIREEDERZEHEES Gibberellic acid (GA) ¥ Para-chlorophenoxyacetic acid
(4-CPA) Tifd » B A SEBIEEE S TS © (—) GA 1 12.5, 25, 37.5, 50, 62.5, 100ppm o (=)
4-CAP :12.5, 25, 37.5, 50ppm o (=) GA H4-CPA HEEHRE « 12.5, 18.8, 25, 37.5, 50ppm
% WHAERIEW14X (3 A120) ¥TIEMBERET » HEE 6 &R » ERMBMA » LR ®5
ke - (EHAEBREWM AL RHITHREE » AEERMARITE L~ 245 E » WHERETH ZHE
R~ 4K DB ERR -

gt s BT E—FHBRBERPHETHRBE 2 HE » REERIERI4R(3 B12H)EHR(—)
4-CPA 37.5ppm e (=) GA :37.5, 62.5ppm o (=) GAHA-PCAZLEEEE : 18.8, 37.5ppm
L5 MBI o MRBIERIOR (459 H) » L GA 25ppm YEITH —REM » FETE 5 &8 » 3t
AP2SRRE AL » I B AR ER S WE T ERET B R FEME -

ZEEEER

RS ISR ERTE R WA IR 858 » HRIRRENELI LMK 6 E9BERAY » BT
FRERERET RN B ERE > ARBFHTEF R TR 4 ~10 AR BE% > 3¢
IROLFERE  REEVILRTHAETIERE - ENEB ~ TEHERTERBST (B 1) » RIRETRIEW
14K (3 A146) » LIGA 37.5ppm i{E#& 4-CPA 37.5ppm BE{EEEME » WEEHRIOR (4 A
9 H) Bl GA 25ppm FTKIEH » DIBIEAFTERAE B IRDUEAEE B E TR S Bl 2 RUE -
= HRIEEER :

BB B A T AT > R TR AR ROV IR  RIEREBILUL > TERMERIR
EHEREET AN MERZ R 2 RTEERABEER 8 ~10 iR E205 » 45 Q08 &
FEETERIEEE (EEEMARl ~2 A0 R » Ml TH ZMEN L2 ~46) » 48 Q0K T
e 3 Al4R (BITRERTENZH16R) Ll GA 37.5ppm B 4-CPA 37.5ppm R & KEETE
B RETERIORETEER T B TEEE AR 5 2 » Ll GA 25 ppm T RIER » DIBIFean{EB g 2E
RYHER T2 o

— > FREHMERRHHNRREHERTHETLZLE

FERMRRAM L=+ RO EG R » 72RTE (3 A30H) #1 18K M4BT HIERE GA &
B> HEREHETANHBRNED  4-CPAKR2) M GA $BTRREREY GHEEBREH LR
RIMBMRE [y~ THE) ~ THRE] REFHEE » ERAETEHEWEL GA BRI fifET
aEA4-CPA I U7 S E BB 45 E - MR AEERERE T 288 » GA g%
WE- FERBENEREFARE 4-CPA RN %SRS - £71893% Maller- Thurgan #E
ERARERORDEIETREAR O > LSRN EEHETHRE; GA REETE
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£ 1 LR~ H GA BEBETCRNEREEHE FERES !
Table 1. The percentage of seedless “Kyoho” grapes induced by dipping clusters in varying

concentrations of GA at a prebloom stage.

I — —
GA BE | A% HE | AR/ HE | AR/ NE | B B | EFHREF | fEEE | 9Tz
Concentra— | Soluble i 2 B
tion of Solids % Seedless (% Shrunken| No. of berry
GA (ppm) g/cluster | g/peduncle| g/berry | (°Brix) berries berries contain
‘ | small seeds
[

0 296.13b 48 ¢ 9.72 15.3 be i 13.6° 0 = 112

12,5 314,725 5.7v¢ 7.2b 168%¢ |  64.6° 0@ 1.0

25.0 ‘354.1 a 9.13b .56 16.92b¢ 67.9b 062 072

315 271.32b 973 6.4b 151 ¢ 89.32 232 202

50.0 320.22b 11.52 7.6% 16:5 bve 92.52 5.02 382

62.5 261.3 b 10.72 6.4b 17.2 ab 94,52 062 458

100.0 290.02b | 11.42 6.8b 18.52 99.62 4.4 2 042

|

A (GA 12.5ppmETHRERER64.6%) B RRE 2 4-CPARI 98% » i # 2 b EEL
H 5 UhAFGA I B HERCAY iR BB R A 3EE (radial expansion) bl 8  4-CPA I 4

2 EAITH 4-CPA BEBRBIEHERSEETEREZPE
Table 2. The percentage of seedless Kyoho grapes induced by dipping clusters in varying

concentrations of 4-CPA at prebloom stage.

4-CPA BE A% THE | AR/ HE | A%/ NE | & B | ETHEE | BERT (& B F
Concentra- Soluble R OB
tion of 4- Solids % Seedless|% Shrunken| No. of berry
CPA (ppm)| g/cluster |g/penduncle| g/berry (°Brix) berries berries contain small
) seeds
0 296.1 * 4.83b 97 ® 15.3b 13.6b 0¢ , 11b
|
12.5 202.8 b 43 b 42 b 17.82 98.02 22.43b J 13.02
25.0 132.4b¢ { 5.42b 2.8b¢ 19.08 1002 38.7 @ ‘I 0b
375 103.8%d B.62b 3.6b¢ 18.72 97.52 15.0p¢ 0.8b
50.0 42,6 d 81 2 2.2 ¢ 17.62 1002 0¢ Ob

iR EH A GA BEE SR %L i 4-CPA 25ppm R & #iE RAVIEEE538.7% > GA
AIf30.6% » ZEAAHRBHER® - (HGARE KRS (W 62.5ppm) HERH%E Z TR & & & Mk fF
i ° 19574 Pratt % AR E THEGBETEHRMEERZBOBERT » A GA RTS8 %
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f55 (parthenocarpy) AYMETFHEREL " » BRRARKE AL -

mit 4-CPA H GA HEREEHER ZFARETRR » FFUETHEMAEREERDREHR o
4-CPABMEYERE (auxin) My— 1 » 319584 Leopold (WAZER : ZER IR B H BED » #
WRZMEERTER 4 B RN AR » TIAKBMIEF £ 5 Rauxin BENFEMRIT 12
5 BE442, 4-dichlorophenoxyacetic acid (2, 4-D) 7Kg auxin B— » B EFEEERE Jl, i
IR LR E R A R R B ER TS 9 o Swanson® AJREEH2, 4-DEIEEBHTEEMAYK
TR & B R RS R B HRZIINA > BT RS2 #E AW HRIER L - Weaver
HEC 1960 FEBLL GAs 2R (LM BTER T BN TEM#IET] 5 MRTEERE ZTEBLL
KGA; 1~25ppm I » ZREIETEREAE T » 7 KGA; $E#TEH BB SE/EM (pollenicide)
o o fei 4-CPAHE IR HA 2 B S0F A HGA T A5 o

ZRGAM4A-CPAMBE A FESERREREMRE » NERTE (3R308) /18K (3 HL1ZH) &
> HEERFER %3 c GAH4A-CPASRER » BHETIRMNFEEREE 100% » i GA BHBH

%3 :TEHILL GA B 4-CPA A CE BHTLA PE A 16 TR A ks
Table 3. The percentage of seedless Kyoho grapes induced by dipping clusters in varying

concentrations of GA and 4-CPA mix at a prebloom stage.

GA R aA- 4 |
CPAZRRIE | A%E/HE | A%/HE | A% BE | ¥ B 1 EFRER | BERE |4 )b E T
Conc. of GA | \ Soluble | v B RO
and 4-CPA Solids | % Seedless|% Shrunken| No. of berry
(ppm) g/cluster |g/penduncle| g/berry ’ (°Brix) berries berries \contain small
seeds
! ,

0 296.123b 4.8 ¢ 9.7 2 15.3¢ 13.6b -0 ¢ ' 1.1b
12.5+12.5 221.5b¢ 9.52b 34 ¢ 19.5b 1002 13.8b¢ 5.2b
18.8+18.8 158.8¢d ; 8.72b 4.60¢ | 20.3%b 1002 198 b 2.8b
25.0+25.0 364.6 2 11.82 5.1 b : 19.3b 1002 5.0b¢ 1.0p
37.54+37.5 139.3 4 B.1b¢ 4.3b¢ 22,02 1002 52.8 2 7.5b
50.0+450.0 313.6 2 9.28b 8.7 b [o22.1e 1002 19.3b¢ 16.88

e o % TERE (Flower cluster) Z7EBATERHYRI— M4 RZFHH » Thompson Seedless 7 g
# (leafing out) 2.5~ 3 Bt & M (stamen) BRAHEH ; T 1 B R EED (LRIES
(filaments) Hi{t4% (anthers) ; EHE% 6 ~8 ZHTEMFL (pollen grains) HIIHIME 522
o TEEEMERA 0 c ARBTPERFEEN 28 7T HEERE  EREER (3 H12H) KE4£E M
K > EVEETER R BN MM R AR » Y GARA-CPA 3 » B AR 2 T B3 5%
KRB RITETRRERERES » ER-RERRERFEEZ L > L GA EHE
8 s GAB4-CPAMRERY » 4-CPAREGIEM &G o Weaver 1 McCune (1959) &M T
Hi% mEThompson Seedless AGABI4-CPAZ IR & g B L R/ N BRI E AL (2B Wea-
verfiMcCune, 1960) ; 7EARE GA H4-CPA 2R &R HEIBH A M T1h 5 2 SR 5208 HE 1
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GAE@Z&?E}EZ?’Z% o {H Weaver EaMcCune 419604 LiBlack Corinth, Hunisa#Ohanez % Ff&5
it ZEKGABEA-CPAZRAEBHEN NN ZRECEERRERER 2SR 0 » —fiwil
ﬁ%l‘2*32%%HH°WﬁEEEMGMM(PAﬁﬁﬁﬁﬁﬁ?ﬂiﬁmo&m’ P [F—
BEZGAE4-CPABBREEEE ; ARAKEGEE - Lﬁ%ﬁ&% %Zﬁﬁ?fn—x s B - /\,‘{?:
PWET o (AGAJR4-CPAS37.5ppmpkif » fEEhZEm A& A m s

ZEEFE M Muscat of Alexandriaftf@# [14-CPA 5, SOppm %5@353%?;%%“” s mZEH
REREEETE R H734-CPARIRAI15, 30, T5Sppm=FEEE » HETHERELEIS.8%LLL ® o
7EARE P10, 12.5, 18.7, 25, 37.5%50ppm 5 6 fEHR I » M LA37.5ppm FEABR A & HRHEAY £ 1
BEE -

EEEE 2R IR —B 537, .5ppm » TNRIEHIESE (GA, 4-CPABEGAR 4-CPA $=%7TH
#ED BEEERYO FR—-CREBTERRT » DRSS EIRERER R RNERRDRER
ZHMLIET » RIS REEMF 4 - RRBHN/NEEES UGAEMEER » GARA 4-CPARZ » HIR
RA-CPAEIE S » B4-CPARE HTEHEEE (H2) » KT RENRTER RS 4-CPAB A K-
4 U7 o Thompson Seedless RTERT (FERER 3 ~ 5 1) JRIMGAF B INEERE « RS 2 REE
» WHRLFEF R NIREEE 0 5 Christodoulou s R 19684F 7R 58 BL & % 1A BA TE 7 IR G A PT F
TERMNRER O » AEBER (B2 > £4) » FEERER/DRRES -

4 TR A R B R 2

Table 4. The effect of prebloom application of different growth regulators on fruit cluster

development.
} w GA 375 ppm-+
\ 35 ) 6 5 \ ¥ W control GA 37.5ppm ' 4-CPA 373ppm L-CPA 375ppm
S _ w0 o — | — ] Ry 1 — =
\\\ Treatment e E N 8 _‘g'g ’fb,;‘;, ,J\g ﬁ g tg LR VAN qt:) ﬁ'? 4 § 7N qg._)z_ = %
BIGET O ERE SRR AR 2 | BT | 48 Ly ZR Z| 5y 3
days after . I ;}fﬁ% *‘é’ H‘i @% *i'o u& @é *_\L—§ [ S lE é *_iL'é
= = = = = — l N —
treatment _ g | Eg T ﬁ‘é \ﬁg )%\ ;g {‘:‘é 52 |E giﬁ Bl el
- — | /4 o0 ap u)
15 x 89l 029 084 172 066 1.14 12.9] 024 1.93] 18.8] 043 2.05
30 * 145 049 2390 219 085 5.0l 116 0.31} 2.62| 18.7] 067 2.02
51 PR 12.8] 064 40748 15.20 1.02 244.76 5.6 075 45.07] 14.4] 0.98| 106.4
105 X —| 067 913 — —| 638 — —1 21 —| —| 433

BIEHI0R (4 B11H) » RE/NBEIRFEENEL  AREREEREIETXE (E3X) ;
MESEEERRERE Y » ERMNAEEMEE 24 (H34A) - BLSEREFIMEELRER
s ERBEZETHEAREPIMAER K (A4H) 5 METAZERHETRFERE LS GF
WY YEBRCEM s BRIBT R RS (B45) o BEHIKERFENEWERKEHEM
B (407.48~973.0g), GAZ% > » GAR4-CPATEX > » J4-CPCEM & (45.07~221g) -

FRBEARME ETLERTES 2 &R » RETENI8RK (8 A12H) LIGA 37.5ppm E&
4-CPA 37.5ppmE & 688 » 76 (3 A30) #%10K (4 9 A) LIGA 25ppm#E BIERIILER
Bk ﬁ;ﬁﬁ%%ﬁnio o i GA 25ppm fTZRUEHEYE » HEME  WEERABER - R—RE
EEEEE  ATGA 5 kEES » HEGRNWEERETRMEE GEREL) - RREREE
ﬂ%fhﬁf_ﬂizaﬁh* BFRLETCGA B RERDREEE 2N EANA D BIER 2 BE » FEMER
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T EME - Weaver19534F AIEE T T 52 7 LU " Bauxin 411 4-chlorophenoxyacetic acid '® i
gibberellinfy LR A 5 Lavee KERBEHREFEBHETHER (MRTEX3KER)
GARYE FIBLEEBE A ER BT DR 0 - ARB B E T RELE T » K GAEEE
[RHERKIEOME I - i3 5 2 H RBURLIGA 18.8ppmiE 44-CPA 18.8ppm MIERTEI % » T£#10
RELGA 25ppmpE3H » SRR BEM (B5) -

£S5 RHABEERFERTRBREREY
Table 5. Effects of number of growth regulator treatments on the development and quality of

berries in Kyoho grape.

RIERTH AR | BIERI00RE (A% MELAHE WE B F | BFHiE gRE s | 48T
Ist cluster | BgOR O
dipping 17 days| 2nd cluster | Soluble % Shrunken
before full |dipping 10 days solids | 9 Seedless No. of berry
bloom (ppm) {after full bloom| g/cluster| g/berry| (°Brix) berries berries contain
(ppm) i small seeds
4-CPA 375 — 103.8¢ 3.6 4 18.7b¢ 97.5 @ 15.0 b 0.82b
GA 3175 — 271.3b¢ 64 b 15.1 f 89.32b 23 b 5.02b
GA 625 — 261.3b¢ 8.7 b 17.2¢4e 94.52b 0.6 b 4.53b
GA188+ — 158.84¢ 4.6%4 20.32b 100 2 19.8 b 2.82b
4-CPA188
GA375+ — 139.3d¢ 4.3¢%d 22.0 a 100 2 52.8 2 752
4-CPA3175
4-CPA375 GA25 222.3¢%d 5.3b¢ 18.4b¢ 100 2 0b Qb
GA 375 GA25 4153 2 85 2 16.2def 86.5 b 15656 0.82b
GA 625 GA25 397.5 2 93 2 15.8def 89.28b 16 b 0.62b
GA18.8+ GA25 341.82b 5.4b¢ 17.4%4 100 2 0.5 b 1.52b
4-CPA18.8
GA375+ GA25 213.4¢4 5.3b¢ 20.22b 984 2 446 2 6.62b
v 4-CPA315
b il | 296.1b° 97 2 15.3¢¢ 136 © Okb 1.13b
Control J‘

o FREERSHEREERT(LZEE

ERARTEF RN PR RE  FEAMAREAR » IREIETER REEERE B
B2 - FUEREEZ BT R BH16~19K » FERH 94.6~105.84% 20 » FAEFBRIEH
MRIERBHICH I - FARENRIER AR o AR5 4 ~ 104 MR ZERERER
#6 o W% 6 TAABIRBURTRIENI4R (3 A14R) MERBEIEH (3 530R) MHE# 2 RE
B IR ZD » A9 FEERKIS.8H » HHRIB.5A% 5 FARIOF 4R BFEFKION » FTHH
ERALG > MMEZRRERKE (5.4~5.547) hEIBHMER BEH - LHE 4 HEREE
FRE3.12450 > MEE2 SARME » FMI0OF EZREME 3.087 2% » W RERTENET g
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Table 6. Effect of number of leaves on a bearing shoot during chemical (GR) treatment on the
guality of induced seedless Kyoho grape berries.
VR LA P2 ACHF 3% |
G A 14K ) EEEB%EEM?E Length of flower
%2 % R Bk Z #7118 K| cluster when treated |z S TEE /\ﬁ/*ﬁﬁ wOE mTHRERS ) T
€D (cm) and 14days after ¥ R
Number of | Length of treatment Soluble
leaves new shoot / solides |70 SeedlessNo. of berry
during and |when treated| —fEF @ E-IERF ‘ contain
14 days after| and 14 days g/cluster | g/berry | (°Brix) | berries |small seeds
treatment | after Ist cluster{2nd cluster [
| treatment | |
T | l T "[’
4-58.2 11.3—43.0 | 3.5-11.7 l 2.8—12.8 ‘ 143.1¢ 2.84 1874 | 1002 0c¢°
‘ ‘ ‘
598 | 163-569 | 485134 | 3.8-15.5 | 165.0b¢ \ 3.6 ¢d 17.8 ¢ | 100 @ 1.0 ¢
| | |
i |
65100 | 2115569 | 5855160 | 525165 | 150.26° 3.9bed ©1G.0p¢ | 100 ® 62 ¢
{ |
8—12.6 | 39.7-871 ,5—166 | 6.0-119 | 201.03be 4,92b¢ 19.82b ; 100 = 34.0 b
\
| |
\
9—-13.8 [ 46.4—93.5 | 10.4—17.2 | 8.0—16.0 ‘ 2702 @ } 5.4 ab 21.0 & ; 90.1 2 35.6 @
1 |
10-16.0 J‘ 46.5-984 | 11.8-21.0 | 11.5-19.5 i 238.73b “ 5.52 212* | 100 = 51,5ab
| |

CERBTEE6 FTE (BE) T » DO ~10F AR E o WESE 2 » JRIER 4 K3 15.7°
Brix&{& 5 10475 %21.2° Brix » A R¥EE 2 S EEEERZERFEAEM M 9~10 A B =

PETRRZEBEREIERFY (M0 UAZERENES) 22 5E
I HERTHEGEEET

EiREH%E 2 TEfERE GAR4-CPA 37.5ppmpE i %
R R REREANREE (nfE 6 £
TEMI—REE BN BIERETE RGA £ » LRAHE
» DBLTEB T BLIER = o MIERERTER ERERE » S RO ERETHRIEERE -

RT  ALAGHREIABHERSRETRRMEZY

=

BUBE BT

=2 -

E

B B

FRAN

e s

%%K

HiE 100% K% -

s TR Z RETE 26.3~30. 985 KEH » B
o HIERRZE M £ RAMERIE I E BBATE » B2
REOBGHEREEREGERKRT)

Table 7. Effect of cluster thinning and different number of treatments on the quality of seedless

Kyoho grape.

BIEN LT E 5
—REERH
1st dipping 17
days before
full bloom
GA3Z5ppm-+

4-CPA375ppm

THiTE

unthinning

B e
cluster
thinning
RERAE

unthinning

g 16
cluster
thinning

"
N

2nd dipping|
10 days after
full bloom

GA 25ppm|

GA 25ppm

i
-
J

TEHRIOR &

2

|
|

7/ TE

g/cluster

102.3b

138.58b

A% AE

g/peduncle;

54 b

10.82

148.13b

208.82

|
|

11.12

10.62

L REEY 5
Aw/E OV OB O ETRER GGEE | 2R B
Soluble % Seedless % No. of berry
solids Shrunken contain
g/berry | ( °Brix) berries berries | small seeds
| )
2.5 b { 19.8 = 100 8 | 406 10 ¢®
i
| f
45 2 I 213 @ 100 = | 520¢% 7.32b
382 | 180 b 1008 | 5342 B.42b
|
4,7 2 20,1 @ 100 @ [ 44,5 8 12.7 @
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WinklerE AR R R IEHEBATERITERSITERERY AR » WA TERRMY M B Rl B A i » (25l
SHTER AV ILER R » IS BRAVTERER ELRMAMLEWE 9 5 8k 7 LB TERE 2R S
BB GEERR - WeaverE ABR L GA RENTER » MBA LETHRIENFREMERIER »
BIGAR AT R EREZTR A (B0 N. W. StuartfE A »1961) ; £ 7 NREEHTENL GA
25ppmREEHE » KR EHERHRS -

THIEERERTERRERRISK (8 A2TH) RALLHFRY » LR 2 RE2685 » TERE 401
® (E77) ;5 HORTERRZBA S » IEHEHRIM66(R » /NERI07(E o W RIREREE Z WM H 4015
1t (BEBERERLHROOEDEFL6.5% » LRZIERBEV P IRERSBIEHEE - 68 O BEH
e O BEERER RS » RRENRTERTY 6 ~ 8 MM R TERAM VISR »
@ 7 2R BRE A AR » b B IER PR A 10MRAEEE » 1222278 » 10853 RAYHE Ffl -
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Fig 7. Development of unthinned flower cluster of Kyoho grape observed 13 days(left) and 49 days
(right) after dipping treatment.

C REMEREZ BEE RERM Z N ELLE ¢

ARBRI R 187THEM B RHAAHE  FE - BRE - HE - FTREARE - 85
RE S RAMETZEREE T EEEER » REP & IR ZEME NS 8 - REERNE - FE
BEATHERERE MRS (0.69~0.32) ; FEMEE - Qe R 3 E R S/ MF 2 R BR A
Bl (—0.36~—0.11) o ptobRBEmEER SRR AR Mk hRE (FH—0.438—0.41)
5 BEE RGN R ZAHBITS0.61 o kvl ROE REREERS T H RO » MG ROEEKE
FEEEYHE bn 5 TR SRR S AR A ©

ZERSBP TR B ERASRIOEE  BERE - BERGE AITRERFE0 HTEREREY
SR HAHERFHETHRFEZAELEFR R 9 - REERMERERBEZ S RABEE354.6g
GA ZREHRBERERZ » GRIERT (155.2g) 81 4-CPA (153.0g) i » TEPEEFHHLL GA
+4-CPA (20.9° Brix) ~ Bi{ESEE (20.0° Brix) WEISESRS » #RHE (15.3° Brix) mi&
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Table 8. Correlation coefficients among weight of clusters and other characteristics of berries of
Kyoho grape.
Xl X2 Xlﬁ X4 XS X6 XT
X,* 0.513%  0.685%F 0.7 0319 o295 o112
2 0.513™* 038" ~0.038 —0.145% —0.037 ~0.083
3 0.685™* 0.381%* —0.433% 056" —0.408™ 0,139
a ] —0357" 0.0 —0.433% —0.396™* 0.605** 0.255™
X 0.319™  —0.145% 0.546"F  —0.306%" —~0.270**  —0.182%
Xo | —0.205"  _o.097 0. 08 0.605™  —0.270™" 0.326™4
X7 4 o2 —0.083 —0.139 0.955%  —0.182* 0.326"*
a: x1=REE weight of cluster (g)
x, =24 weight of peduncle (g)
xs=F 5 E weight of berry (g)
x4=%E [ soluble solides (°Brix)
xs=FATRFEAEKE % of seeded berry
Xe=EEHAR 4K EE % of shrunken fruit
xr=4FETZHE no. of berry contain small seed
* ko EEIONUE S R 04 19 significant at 5% and 1% levels, respectively.
£9 [ EFEEIEEEETRRAR PR RREERERERZ BE

Table 9. Effect of different treatments on the characteristics of the berries in the induction of

seedless Kyoho grape.

OB % B AR /HEAR/EEARNE O ORE OE mTHME | BER G ET
Soluble WoOA | A& mAE | R
solids 9, Seedless |% Shrunken|No. of berry

Effect of treatment| g/cluster jg/pedunce| g/berry (°Brix) berries | berries | contain
l [ | ( small seeds
GA 297.5b 9.7b 69 b 16.9 d 85.3¢ 1.5 2.2b
4-CPA 153.04 5.1¢ 3.6 ° 183 © 98.42 22.26 6.32
GA+4-4-CPA 208.3¢ 8.4b 41 ¢ 209 2 100.02 27.9b 6.9

O KR W 354.63 11.92 74 b 17.0 4 92.9b 7.8° 1,7b

No. of treatment

B O K OB 201.2¢ a.8b 44 ¢ 19.3 b 99.82 24.3b 6.72

Stage of treatment

Bt BH & 155.24 10.1b 39 ¢ 20.02b ] 100.02 49,88 772

Flower cluster !

thinning or not

%] i) 296.1b 4.8¢ a7 153 ¢ 13.64 ce 11b
Control |
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Studies on the Induction of Parthenocarpic Kyoho Grape
by Gibberellin Acid and 4-chlorophenoxyacetic Acid

Shyi-kuan Ou

Summary

“Kyoho” grape clusters at pre-bloom stage dipped in GA solution concentrated
from 12.5-100 ppm could be induced to produce seedless berries at an average rate of
85.3%. The treatment gave a greater effect on increasing berry weight (ca. 6.9g) and
pedicel length than any other treatments did. Effect on increasing berry weight was
more significant when an additional dip with 25ppm of GA was added at 10days after
full bloom.

Application of 4-CPA in a range of 12.5-50ppm also induced seedless berry at a
rate of 98.4% however it resulted in a compact clustes, small berries (ca. 3.7g) and
shrunken berries (ca. 22.2%).

When clusters were treated with mixed GA and 4-CPA in the mentioned concen-
trations, seedless berries were induced at the rate of almost 100%. The soluble solid con-
tent of these berries was as high as 20.9° Brix and shrunken berries occurred at a
rate of 27.9%, however seedless berries tasted much better than normal Kyoho berries.

The optimum time of dipping treatment would be indexed by the developed leaves on
a bearing shoot. When cluster was dipped at the stages with 4-10 leaves, it was found
that the more leaves on a shoot, the larger berries with higher sugar content obtained.
Thinning flower cluster before dipping increased both berry size and sugar content
largely than without thinning.

Correlation studies among cluster weight and other fruit characteristics indicated a
positive corrleation between the cluster weight and the peduncle, berry size and the
number of seeded berries, whereas negative correlation were shown between the cluster
weight, and the soluble solids content as well as shrunken berries.

The best treatment for inducing seedless “Kyoho” grape was found to be first thin-
ning out the lower three to four branches in the flower cluster and removing the apex
of rachis, then dipping the cluster with GA and 4-CPA mix, both at 13.8ppm, at pre-
bloom stage when 9-10 leaves developed on shoot and dipping with Z5ppm of GA 10
days after full-bloom again.

1. Contribution No. 1198 from the Taiwan Agricultural Research Institute.
2. Assistant Horticulturist, Department of Horticulture, TARI, Wu-feng, Taichung Hsien, Taiwan 431,
R. O. C.
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Fig. 1 : The number of leaves and growth condition of bearing shoot when dipped in
growth regulators.

B2 ATAEDERBERHELSETEREZRE °

Fig. 2 : Response of “Kyoho” cluster after dipping in different growth regulators.
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Z e

Fig. 3~4 : Morphological difference between regular and seedless berry 30 days after dip
treatment. The surface of regular berry (Fig. 3, left) and the interior of seedless
berry. (Fig. 4, right)
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Fig. §: With (left) and, without (right) the second GA treatment 10 days after full bloom.
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Fig. 6 : Clusters without commercial value if unthinned (left) prior to chemical
treatments.
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Table 1. Sampling locations and soil groups of the experimental soils

£2 0 ® omowm o w | ePEs | B OB O+ ®m % ES
ol I . ]
1 HREE Ts (A
2 AR BRI Ha (#2E25)
3 RS B BRI oTs (£487)
4| EMETERTHR SR | BHESENEE B | Ta GEEA
5 | RBFEBSYE kOB | DEEREERSWEL | TC CBAER MDA
N
6 | BTN TR BHE | BHEME Je-Ts (182
7 B R | DEEEL Kh (G THA)
8 | HEEHILE BTE | pREEE Hd (KEER) FERIE
9 | EEEHILS =g | DEESHHEE Kn (HTHA)
10 | BRI AW | BREEEWIE Lt ()
nf bR A Bk | KA TKn (BHER) (A
121 e BER | RLWE TELE | CTe GOBHA)
13 EERATEETH | RN | DAL B | SR
14| ERBRE Rie | b Wa (EFER)
18 | BRI R | BEERE Je-Ts (8%
16 | BRI oM | DEEmE Ta GRWLAR)
17| B B oW | BEE BEARE | TTw (ARER
18 | AR wEg | DEEWEE Ts (R
10 | FRBERY gt | MR TKn (GAER 1D
HEREHR

— TEEERAEEERASEHEER

(=) —EE  ARABATHAEZ pH > 5iE - CEC REHISHEZERS (F2) «HEXK
B RE > & 20ppm DUFEHEHE » L EAREEEE ppm T » BEEEHRE -

(Z) EHERNEE . +AtEFEBRIeES RS o (HERRa B REX > £ 475216
ppm 2R s HAEE A Ea B Toppm BT o 2472 0.14% 0.58me/100g  (H)
55-227ppm K) Z[ » 78 0.2me/100g LITHBERM o HAE B BRI EA8 BRIk
FUEE B HIBTOR. 100ppm 22 o ffii Boyer © BT #8T LIELZ B SIIR R E RIS 0.1
me/100g, {4 Boyer Z & LIERIEMAZRE » HIEEHZE 0.07 & 0.2me/100g 7 [
o ¥eAHE 1960 FFERL 0 5 ARG R R SRy 5 fids 50—100ppm 2 > A FTH
19-H3%h > BIH 8 & &K 100ppm & o Ltﬁ:%ﬁiiﬁ%ﬁ W B REEA > MK
FERARGIE  MERBILS o s g Z 543ppm Z[H » HAEITH+
IE 65ppm » 7¢ 100ppm L) _FoEUI‘—K(lotal) EU’;}:47;£:. 208ppm Zf » Fi155 89
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EUF-K (Total) WEEFERE 30ppm - $MAVEAME S22 (K Sat.%) (f2Ex. K/Ex.
(Ca+Mg+K+Al)x100) 71.06515.807f o # Graham "'V : AT AR B FIEEE 72
—5 %2 ARBATH L EPANMTELE 2R TEE LM 5 %M EEFAR
25 %zHHEMNLM-
(2) LEEEREPENGEMMG | IEEEPRAESEMARETEES L% pH » H5
WaE s BETRMERE » REER B BREES 90 MIGHLSRERE TR
& B S » HAERFINES o
% 3 HIEPE YA B IER I A R R R AN > HEh S ERIRREE
IEFRRABAER o ZSHAME SRR R I B BRI SR EET o FRASIR MR ST AU SR Wi R Ak
P » Bt CEC & Clay & BB IFFHBAR R » T O BERRISTEE -
%ﬁi B IEzs ki tigdh Clay % Silt /9&E R Clay mineral A9%E 5% % UH
» Kansal and Sekhon ' & HZEMAYHSE » E Clay B Silt gl LiEdgk
EREHEHGEE » £iE Clay 8% » ST RBRIEN—ERD « FARBTZER
MR IER R gk Clay, Silt % Sand AYREREGRLUERERIERTHRIENE B
KEHEE ©
LL EUF 75 30 R A9 SRR S s ac i e ST i i » (HERIEZS ik SR lim & - EUF-
K(Total) Ay&E (F2) HENIREMER (RlEmiEEr) » HELEEEAR
RN E—3 > s RLL EUF BRI 2 B Esac & -
YRR B R SR R > BRIEAS A ST Z AR SRS R » BB EEM
TR RPN R K RS SUE R B BA6R » AT SBABR IR (R B EEAE -
T KTEEERIRNE
(=) #MEE 19 B ENE FORBEEE 7 A9 4, BEEE /7 ERI.6 (E1) -
FHHEI9 LR ARG B HES S ¢ & (<S0ppm K, 5 LE3 ) 5 (

& 4. TRERE LS GE B SIS

Table 4. Potassium response in soil groups of different soil available K levels

Available ‘ Grain yield Straw yield
K j ——— g/pot
level “ Ko ‘ K ' X K K I K
1 2 0 1 J 2
TULOW T
(<<50 ppm) 25.10 J‘ 26.10 26.61 28.75 29.51 ! 32.02
5 9% 1 2.12
1
LSD ‘ NS
L % | 2.88 ’
] . o | R
TTMEDIUM | \
~(51-99 ppm) | 25.73 | 25.92 2719 2895 | 31.33 32.50
595 | ‘ 1.39
LSD \ \ NS
1% ]‘ l 1.84
T THIGH T T -
(>=100 ppm) ! 28.41 } 28.73 } 29.50 3441 35.45 | 34,56
5% | | |
| NS |
- - il
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51-99ppmK, A LFOME) ; EE (Cl00ppmK, 3B 187 ) =S4k » 4 JifEs
TiFHT s RESRLEZIERBIYRERE  RREBESS QPR EHETE
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Table 8. Correlation coefficients for relationships between soil K and % vyield of K, plot,

K content in straw, K uptake and K fertilizer efficiency

% | % K K K K
Yield of Yield of % Uptake by Uptake Fertilizer
Grain Straw In Straw Straw Total efficiency
T T T [7 T T ) .
Available K 1 0.113 0.475% 0.782%% 0.773%* 0.753%* — (.829%
Exchangeable K ; 0.076 0.489%* 0.789%* 0.854%* 0.833%* — (.546%
Non-ex. K | 0.491%* 0.245 0.339 0.348 0.366 — 0377
30 min. ( 0.097 0.350 0.730%* 0.708%* 0.681%* — 0551 *
EUF-K < 5 min. 0.114 0.502% 0.753%* 0.672%* 0.636%* —  0.634%%
Total 0.102 0.384 0.747%* 0.714%%* 0.684%* — 0.576%*
K Sat. % — 0.078 0.351 0.552% Q0.705%* 0.699%* — 0.383
*Significant at 5% level; **Significant at 1 % level
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Fig. 1. Relationship between available (Mehlich) K and relative yield of rice straw
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B gERs » HAM R 2 AR R EEETHEESF MR ERENE HERRSE » 1
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71966 —685E R BTV AT Z2 Fp #PAY TG IR EE RS B 50-80ppm K % » SRS i RIR
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" Fig. 2. Relationship between exchangeable K and K uptake by the rice plant:
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Fig. 5. Relationship between K level in straw and relative vield of rice straw
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Fig. 6. Relationship between K level in straw and relative yield of rice grain
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Table 6. The range and mean values of soil potassium contents of the experimental soils

both before (outside parenthesis) and after (inside parenthesis) cropping

- Forms of K
\\\ Available K Exchangeable K Non-exchangeable K
\\“‘
\\\ _Treatment Kppm
Item — K K K | K | K| K | K | K| K
47—216 56—223 l 65—543! .
Range (14—43)[(14—53)|(18—71){(20—58)|(19—59)|(23—71)|(66-416).(61-423)|(35-433)
; i
92 108 | : 267 [
Mean (26) (29) (31) 34 | (36 | (3 (195) (QOO)i (204)
| | !
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2 o B3 6 41 1 QEMEF LM S BERRMAVEIES 47-216ppm » FI95 92ppm 5 ABEAREER
14-43ppm > =5 26ppm « @A BRI & BHE S 56-225ppm » 1955 106ppm ; A
Exts BIAES 20-56ppm » 495 34ppm o @IEATHIEMZEABR W AVER 5 51 A © 65-543ppm K
66-416ppm » B RI% 2 FI9ERFB267TR 195ppm ©

NSRS AR e B JEAs i Ve 8T B - AURT & P58 /E72ppm » HEF B E L 72ppm
» TRBBRACBER IS o ARBP AT K » IEZ S EDE RRBHT B » RIARFER R R LA 1310
= 50% AR » F50% 5K B IFAZH MR

KIS My 4R — 42k IE RTS8 » T3 5 ABEREE G 8 R 4TV i B o BT B ML g
BREE > FIEA IR SNBRRRIRERY » HRREEIEE o AR 6 TR BRI 108 (memR i
) BB EERHBIE BRI SRR ST I RFINE T o BT RURNE BRI RIS
R B B 4 B A HA B (R B E 1 o BIAKTRWR M A9 4R EE £ b BT S IR MR SRRy B AR RIE EE o T
ER AR R B IR S B AR GRIEE AT F o SRR RIE T R R FER IR HY SR AT iR M
BER(E—42 » (HERLKAS SR I B AV BE (R AR AT R B R B S B 2 IR A -

£ 1. KERSHEMERHEPSVEMGERBRKE SRR HEEERBE o
Table 7. Correlation coefficients for relationship between the amount of soil K removed by

cropping and its original content as well as soil properties (K, treatment)

Form of Orig. | Orig. Orig. K |
K avail. ex. Non-ex. | Sat. pH CEC | O. M. Clay Silt Sand
removed K K K %

Avail. K 0.983*¥ 0.946%— 0192 0.819%*

. | |

— 0.249/— 0.296 |— 0.424 |— 0.474%— Q.736%% (0.765%*

"Ex. K 0950% 0974*H— 0099 | 0874%H— 0330— 0177 |- 0481%— 0340 |— 07794 0720w

‘ Non;ex.K 0.374 0.484* 0.667* | 0.369 ('— 0180 0.324%— 0.464% 0511%— 0.497% | 0102

% 8 BB & HIETHRME R JE B ST A B KRR ST A9 HL B > bR A+ L (E 10
FpiR e % B I AR M B IR R M SRR B Y TS K RS R i BT (R sW IR B R TR E
) o fEFIZE2 5 185 R 19= I rh KRR M i 4 i v e I TR AT R M R FE AR ST RE AR R -
F R LI18 K 195k R HIBARE 5 4 » BS7EIL S B3k » KASWRAEIBRATIRIE R IF IR R - (0 E
=53 Hunter & Pratt ¥R % o Oliveira % %0 €L &% (70070 MEMEMREER » i
BRI o SRR IR o 5 R B A U ST AT P L SR AT M R TR A S (
IN HNO; $#iI0E) A1 » BEAFE A% 5 » (AR LREEA BT (B R el AR Z $08E + e
Bk EM SR (3% chloritized, expansible, layer silicates) » iEfE4F » INE7E L TRIWNIE
Y (interlayer) » 5fi+IE ex. B non-ex. K %7 » (AR LM ERHN Fe & Al Ay
B B Rk o

R 8 B UHEES T~ BESBREFE (ER4R) » ARUETIARHASEEZ L
MHARER P RN E (AIEE R E) Wi -
AE-GEfEERABEEERAESERTEEANRER :

5 & S BESN R AR DL T SR B P BB A R > (RApTKET ST BRAAIS L B A R B
P (REKEE) %> BRARMEMVEERERERIFZREHABIAEL » ERERRAME

o
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# 8. Eyrh R R A e P (R KRS T W R A L o
Table 8. Amount of soil exchangeable and non-exchangeable K decreased during the

experiment and K uptake by the rice plant

Soil | Avail x. K Non-ex. K \ K decreased | K
K ; —— | Total Uptake*
No. level ppm mg/pot ppm J‘ mg/pot mg/pot mg/pot
2 22 66 59 ( 177 243 318
14 | LOW 20 60 82 l 246 306 319
18 | 30 90 14 | 42 132 312
Average 24 72 52 } 155 227 333
1 | 39 117 108 313 432 419
5 39 117 85 255 372 392 -
7 61 201 85 255 456 | . 412
9 59 177 64 192 369 | 28
11 MEDIUM 58 174 72 216" 30 | 351
13 61 183 51 153 336. 290
15 62 186 82 246 432 404
17 41 123 0 0 123 | 161
19 37 81 8 24 105 289
Average 51 151 6l 184 335 345
| !
3 ) \ 80 240 69 207 447 462
4 | \ 142 426 100 300 726 692
6 ) o8 294 , 78 234 528 416
8 l HIGH | £4 252 | 127 3g1 633 | 616
10 } 146 433 162 486 924 820
12 l 110 330 45 135 | 465 471
16 | 185 555 74 222 771 646
Average 121 362 94 281 643 i 589

*Total uptake by rice grain and straw

Tabatabai FG% %9 @LER lowa MEEILTAEETHIE » BBEEYRIL+Bha3sH
M HEEEE— TRIERE ] (minimal level) & LB gl TN BEE » ThRIER
BB » OEZHNGREBENNFELBRENBEERIVEIEEERL - KEEBEZE
EHEELF Clay SERBRE V2 MG - A5 Minimal ex. K &5 > HBEm%iksy
Non-ex. K th&E o

REARBHFEER (£6) 2 Ko BELSVENRTFERALR&GER HERE RS -
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£ 9. KIERUIEHEMER HEh AR R BT S8 T I E ARG o
Table 9. Correlation coefficients for relationships between the amount of soil K that remained

after harvest and its original content as well as soil properties (K, treatment)

Form of Orig. | Orig. Orig. K
K Avail. Ex. Non-e x. | Sat. pH CEC | O. M. Clay Silt Sand
remaining K K K %
\ |
Avail. K 0.0300  0.047 0.670%%— (.214 0.610*%% 0.354 |- 0.131| 0.383 0.148 — 0.300
Ex. K — 0.034] 0.049 0.594%#k— 0.12% 0383 | -0:515% 0.075| 0.407 0.138— 0.304
Non-ex. K |— 0.240— 0.157 0.951**‘— 0.323] 0.282 0.731**’—- 0. 47] 0.751%% 0.280|— 0.577*x
| !

FERIINE 9 » R 9 BERAYNBFEERLE I RENIEG ER 1 pH BUBEE IE M5
(i Clay SEMRAERETE) » +E pH & » BN ESNIE TR 0E
i o BURE R B TR R » R PRI - T R AL B9 BH itk 40 B T 2 TR A Ve 4
BESENYE > MALTE pH thEEMEE o M HERHEIRRETERENBEE » iRk
BERTIET0% » KR AR EMAERRRmMT ¢
Avail. K remaining in s0il=0.042 X Non-ex. K+4.74x pH—12.296 R=0.838**
R2=70.2%

THEA R AP19- 5k EX BB AR (Estimated avail. K(ppm)) BEEBAEE (Ob
served avail. K (ppm) ZlI3EHEmMT

Soil No. 1 2 ‘ 3| 4

S| 6| 7 819\10‘11'12 13(14(15)16 |17 (18119

P
21 200 23 22 15 35 34 30 25 30/ 15

Obser. Kppm 34; 27’ 43 18' 220 14/ 28 39
EE

| ]
Estim. Kppm 31% 26' 38 17v 28 20 29 4OI 24i 21‘ 24‘ 200 221 34 35 23 16/ 27 20
| !

Wl FRERBRRGEERMEREL » ARMEMMRE s R B (L et Rt B
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Potassium Response and Its Relation with

Different Forms of Soil Potassium in Paddy

Tze~Shun Lee and Hwai-Gwo Wu?

Summary

To clarify the forms of soil potassium absorbed by the rice plant and their relation
with the yield response of paddy rice, as well as to estimate the influence of soil non-
exchangeable K content on the critical level of the more easily available sources of soil
K for rice, a greenhouse experiment was conducted in the 1st crop, 1983. Ninteen soils
including different soil groups with a wide range of potassium content were used.
Three levels of fertilizer-K were applied, i. e., 0, 50, and 100 ppm, each with 4 r‘eplicates.
N and K fertilizers were applied in sufficient amount. 3 kgs of soil were used in each
pot. A total of 228 pots were arranged in the greenhouse in a randomized complete
block design.

The results are summarized below.

1. Under the condition of this experiment, 50% of the potassium absorbed by the

rice plant was supplied by the soil exchangeable K, and the other 50% by non-
exchangeable K.

2. Percentage yield of straw (NP/NPKx100), potassium content of straw as well as
potassium uptake by the rice plant were all signififantly correlated with available
and exchangeable K but not with non-exchangeable K.

3. Percentage yield of grain was significantly correlated only with the non-exchangeable
K. This fact indicated that potassium absorbed by the rice plant during its later
growth stages might be mainly K released from non-exchangeable form.

4. Potassium extracted by EUF method were found to be all in the available form; its
relationships with yield response, potassium content of rice straw and potassium
uptake by the rice plant were almost the same as those of the exchangeable K or
available K with the latters, though slightly inferior.

5. Therefore, potassium test for paddy soils should be based not only on available K,
non-exchangeable K should also be considered when its content is low, e. g., lower
than 260 ppm.

6. Though the correlation of percentage K, yield with the available K was not significant,
application of the Cate-Nelson’s discontinous model of evaluation on the data revealed
the critical level of Mehlich available K to be around 70 ppm.

7. The critical K content of straw, at which the rice yield attained 98% of the maxima
was about 1.0%.

1. Contribution No. 1199 from Taiwan Agricultural Research Institute.

2. Soil Scientist and Assistant, respectively, Department of Agricultural Chemistry, TARI, Wufeng,
Taichung, Taiwan, R. O. C.
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MR 1. KIEEHMITDEEANEE  KER RERRILSINE - KRRk EnE & SRInFIAER -
Appendix Table 1. Soil available K at planting, rice yield and K content of harvested grain,

straw, K uptake as well as K fertilizer efficiency

Soil No. | SOl 2vail | Grain Yield | K% | Straw Yield | K% | Total | K fertil.
& i in |———— | in uptake effici-
Treat. L?d ppm | g/DOt K,ig./% Grain l g/pot K“Ei_/%z Straw mg K/potl ency*
2 Ky © 47 | 3141 | 1096 | 052 } 3158 | 827 | 048 315
Ki 28.26 0.52 ; 33.44 0.74 395 50
K 2867 048 | 3817 1.02 521 | 8
14 K, LOW! 48 | 2405 | 933 | 045 1 2516 | 906 | 084 319
K| 25.23 046 | 2740 1.08 412 59
Kz 25.05 044 | 2778 132 471 50
18 K, 49 | 284 | 875 | 044 | 2051 | o0 | 092 2
K 2481 | 046 | 27.69 1.20 446 41
K, | | 2811 042 | 3010 1.29 498 40
Average | 48 97.5 0.47 90.4 v\ 0.99 418 52
| - | ] | Do |
1 Ko 60 | 3149 | 1086 | 047 | 3819 | 829 | 071 419
K 28.14 047 | 4073 0.94 515 61
K, 29.82 047 | 43.45 1.08 609 61
5 K, 58 | 2701 | 976 | 044 | 2869 | 924 | 095 392
K | 27.48 043 | 3105 122 497 67
K, 27.67 044 | 29.18 1.49 557 53
7 K, o4 | 2057 | 9%6 | 046 | 2099 | 963 | 112 472
K 30.00 0.46 | 3065 1.39 564 59
K: | 29.40 044 | 3L14 1.70 658 59
9 Ko |MEDIUM| 69 | 2459 | 883 | 045 | 2786 | 882 | 078 328
K, 27.65 045 | 2907 1.09 441 72
K, 27.84 044 | 3158 1.33 542 68
11 Ko 76 | 2826 | 978 | 046 | 3307 ; 883 | 067 351
K; 28.90 | 044 | 36.66 0.84 435 54
K | 28.47 0.44 ; 37.46 112 845 62
13 K, 64 | 2498 | 826 | 047 | 2990 | 933 | 058 290
K _ 27.31 047 | 3089 | 0.92 413 78
K, N 30.23 046 | 32.06 1.21 527 75
15 Ky | 95 | 2155 | 10L9 | 043 | 2890 | 1015 | 120 404
K 2115 040 | 2376 | 1.43 425 13
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Soil No. | Soil. Avail. Grain Yield | K% \ Straw Yield | K% | Total | K fertil.

& in | in Uptake effici-
Treat. Ligel pom | g/DOt Kmlig-/% Grain :, g/pot IK Ijg'/%[ Straw [mg K/pot| ency*

K, | 20.66 041 | 25.52 i 1.56 483 25
17 K, 54 | 2067 | 741 044 | 2335 | 644 { 0.30 161

K J 27.90 043 | 3363 0.48 281 76

K, MEDIUML 27.28 043 | 36.24 075 389 73
19 K, 54 | 2345 | 989 | 044 | 2359 | 9L0 | 079 289

Ky 23.70 045 | 2555 111 391 65

K, 23.36 043 | 2591 1.48 483 62
Average 69 93.9 0.45 83.3 1.04 439 60
3 K 125 | 2008 | 1036 | 048 | 2299 | 890 | 159 462

K 19.27 047 | 25.83 1.64 515 34

K, 19.39 046 | 23.74 1.90 540 25
4 K, 153 | 3083 | 987 | 049 | 3781 | 982 | 143 692

K 3061 | 053 | 3849 1.66 801 69

K, 32.22 049 | 33.86 2.04 849 50
6 Ko 119 | 2793 | €83 | 048 | 3656 | 970 | Q77 416

K, 30.58 048 | 3708 1.08 547 83

K, 31.63 049 | 3771 1.22 615 63
8 K, HIGH | 100 | 2054 | 976 | 044 | 3307 | 907 | 147 616

K | 20,07 047 | 3547 1.53 695 50

K, | 3027 0.45 | 33.74 1.78 7317 39
10 Ko 156 [ 3378 | 951 | 045 | 4482 | 992 | 149 820

K; 33.50 046 | 45.18 1.55 854 22

K, 35.53 048 | 4438 1.86 1,005 59
12 K, 131 | 3L04 | 997 | 045 | 3555 | 934 | 093 471

K; 3114 044 | 3717 1.17 572 64

K, 30.89 0.44 | 28.08 135 | 650 57
16 Ko 216 | 2570 | 954 | o044 | 2000 | 990 | 177 {‘ 646

K 2693 046 | 2701 1.91 657 7

K, 26.58 049 | 30.39 1.99 735 - 28
Average ‘ 143 96.5 0.47 95.2 1.53 662 46
(1\1([5351) j 91.6 i 27.43 { 95.4 046 | 32.23 ; 91.6 ’ 1.22 ‘ 517.8 53.9

*LL Ky fsA 157 mg K/pot; Kp A 314 mg K/pot 55 o
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MR 2. RERT GERL) % GEHRR) HERRREESHEE (Kppm)
Appendix Table 2. Soil potassium contents before (outside parenthesis) and after

(inside parenthesis) cropping

Soil Avail. Available K Exchangeable K Non-exchangeable K
K ES— . -
No. level Ko K K | Ko K K, 1 Ko K, K,
2 ‘ 41(27) (28) (28) 56(34) (32) (35) ‘J 318(239) (283) | (259)
14 LOW 48(33) (34) (3D 76(56) (57) (61) 378(296)| (304) | (300)
18 49(30) f‘ (30 (32) | 74(44) (45) (47) 301(287) (301) { (308)
Average 48(31) (31 (32) 69(45) (45) (48) | 332(281)| (286) | (289)
1 ; 60(34) (43) (34) 86(47) (52) 47) 454(349) (352) l (317)
5 : 58(22) (22) (23) 63(24) (24) (28) 234(149)) (156) | (150)
7 94(28) (29) (33) 99(32) (37) (33) 283(198){ (201) ; (202)
9 ‘I 69(21) (23) 24 80(21) (31) (33) 216(132)| (169) | (163)
11 ’ MEDIUM | 176(23) (24) (25) | 94(36) i (39) (37) 213(141)0 (138) | (148)
13 % 64(15) (15) (18) | 84(23) (24) (26) 181(130)] (127) | (129)
15 } 95(34) (37) (41) | 108(44) | (49) (51) 318(238) (240) | (249)
17 ‘ 54(25) (22) (20) 70(29) (29) (28) 65(66)] (61) (55)
19 L 54(15) 19) (18) 38(21) (22) (23) 117¢109)| (120)  (111)
Average 69(24) (26) 2n 82(31) (34) (34) | 231(170)] (174) | (116)
3 125¢43) | (48) (58) 123(43) | (4D (62) 320(251)| (246) | (216)
4 153(18) | (19) (23) 166(24) | (19) (29 192(92)] (104) | (112)
6 S119(14) | (14 (18) 118(20) | (23) (28) 234(156)| (166) | (166)
8 HIGH 100(39) | (38) (34) 123(39) | (38) (44) 543(416)| (423) | (433)
10 128(20) | (22) (22) 175(29) | (28) (32) 350(188) (196) | (190)
12 131¢22) | (24) (23)> - 144(34) | (35) (36) 151¢108)] (106) | (103)
16 r\ 216(30) 1 (585) (1) 225(40) | (39) (71) 203(129)1 (130) | (148)
Average 282(27) ~\ (31) (36) 153(33) 5 (36) (42) 285(191) (196) | (204)
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5o frAR LR B RE AL ¥
R AR R E e

HoE B w4 4

R - ARBES R B R E A ME RS S RSP ET ERAERATRBEA LR ER
HAEME R ZHE - B 3B RE » 9 BBIED E - RS REM O BRIES 17
ERARRAET > (REEE £ - BRE T F— N RIS EE P2 B RIENE7TE 670 n mole N,
fixed/hr/20 cc. liquid culture medium » FERREEEAE 55 - BREEENBESE S » R
AEERT (AR RRE RS BEER IS  F A R E R RS E AR R
e > RIE R 2 B 2R > S i 2 s A R B B I eSS » BURMRHESD f s 1
BERENEES R RER A AT HHES - SR X BEPREEME ST ) BIEEHEE L e
1085 100f&F Ll b » BEURES BO8R A 1 iG55 28 Ak WT LI S0 M A 0 7 PR O 25 7 e
AR s MEPRIEPREE R o £8KSS820%REE 10°C AR ERE S0 kR e
15 PR LE R ] B R G B o

KERFREEEEY > BTEREERRT=EEW » DRUIRIEIRE EREIRM R > & B0t
B o REBERBR LT > MAERRFHERE SRERERERES » FREEEARRE > ThH
AL RE S RREEENIMES » —HETHBSEYER (1) » B—AEEERRERRRER
EIR > AREIL R LS LGHEDFIE © SPEBERRTET TR « LRGN » HERM
EMERENZHE 2. BEGHS MERERE 25 % » FHBEEES RERERERTE
FAEHS -

MERS

— EERERL > HRMEYERENZRE

1. 7K EH 52 B 2 R e L . '
DRI ARI6HEE CHEEERLD T > BllkgZBElRA 30m® R (
HEALASem) > PRRE MBI » BEKE 20om A 2 1B R EHRSE I 2 LA -
FIRTHEY 0 2B R R R o

2 BB R K o HIE RIS AR
o BURZIEHIS0g 2 K B £ 5 R £ 1.0, 5g AR B A S0mI Z = ey » IRTFIA S &R R ERE
TIEE » K55 4 ik 10%~ 20% ~ 30% (Bmgad) ~ 409% (BAKD < BERD 4 #k:
10°C ~ 20°C ~ 30°C ~ 40°C » JL1655 8 » fFRI IR AR o MR MERE FSE -

LA BRRRERAT WSS 1200 8% -
LAFTRACRIEER ~ HER - Y

IR B -
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B 2 REREAERRET » FIHZHSRREAHEREGREREN » BERERENZBEHR

THEITE 2 5 BERAL ©

(1) FEEHMES R E 25 B 85 R EER K Dubo’s salt WiigREEPIMBEE » &
HREIT > B REMALE KAEE > © PDA EREERE RIS B LR — &

o

(2) BREZSHMNL o Rt AFEREEZBEMARE KRERRTR - R LR

BN R RS R R R R o
2. B R E D AR ER R 2B ¢

(1) BEER - SiEs RENEREEES ZEREERFEEKEZWE « MAERE - &
MEo MREERER S0ml =AM NE 20ce. MERBEEELE > ROEW » & 2408
30°CHER A M ERENERRIEERFIARECRE ST (Gas Chromatography)

PUE R B A o

(2) BEEE - MBS B HAESR R B RS R P e R 2 U
Wi Z E R ~ RS RS MBI G 1g BRER - BEZ 50ml =& > K
HEEARIFRILAK S ZE60% » £ 6 EHIR » PR ISR P R4 E -

(3) BEIFA ~ HHE s 7 B RN PAESR Rt b B RS R & TP B AR i 2 I

fifez @i fRE s BRE » ——RA%R2 NEERSHER - BE (g 2 50ml =64

A s 8 6 2 TR B G v B R e A T

HWRHES
—~ KEEHZEFEE :

SRESEIR 2 M B » 408 1 30—09 : 0055 27—32°CF 404 : 30—05 : 00£329—38°C o
LEAGEERHEEEI5—20% » KHLFH0—35% « ) RELZBEKS & ER0—54% »
KE R ZBEKFEREB9-59% - RBMERHAR 1 THNEHLEBE RGN - BEMIZS
M1 T EEE WBERH 0.13 n mole N, fixed/g dried soil/hr 4 » FERFRER EE

&l BEEALD (Sem) HIEERREZY

(n mole N, fixed/g dried soil or straw/hr)

\

TRERNLZ

TREE AR BETZ £ H W K H
e @ o+ X B O+
z B ¥} 2 H £ z B H | X B & z B R
2 0 0 2.30 1 0 0 53
3 0 0 o | 0 0 320
‘
4 0 0 o | 0 0 84
5 0 013 2.00 } 018 0.16 250
6 0 0 15 ; 013 | 0.45 200
7 0 0 o | o4 | om 310
8 0 0 o | oo 0.46 360
|
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RGN o KHEEREEM T2 KHE 19785 2 BINEE 4 BIRER RIS » 1655 5 EREBER
MK $550.10—0.18 n mole N, fixed/g dried soil/hr % 0.16—0.46 n mole N,
fixed/g dried soil/hr - REBEENE 2 ~ 5 MR 6 B HHBERH 2.00—15 n mole N,
fixed/g dried straw/hr ZFERIGME: » BEBEEKS &EE 49—54% » MAMRHBE KRS &
EHH 3050 % » KHEFBEENRE 2 2IHES 8 BIARE 53—360 n mole N, fixed/g
dried straw/hr ZE®REE » BEEFTAREE 2 K55 EHRERME 2 SHEEBE RS &R
Ko HARBMERTER L HMEAFEA 1 MERE(BEHREESPRRE  #ARAER
ARHEAE0. 245 T 2H B0, 0147 o Xz 1 vl 3335 S b i85 R K A s my B RIS 7 4 91
RREEMTLEO10Z R 10020 F » R B e A T iAo B 0 SR R B R TR R
FIHzES (1~3~5~6) H&HETRKA  MEFRTHEFZBE L EREREMNE
YFUR] o R R E P REE R KE R RE 2 FRIEEEETER IS b 2 BEEREE2AWT L
ERAFEEK (56 7) » BESMEZEREEEKHRAELE TEN BRI ED
 RAERREZRERHEREEANMFREERHEE )
S RERIEKSEEHEREHNEE

H#E 2~ R3ITARER 30°C HEHEEHRE2EMRER (2~ 4) » HKE 40°C BAEG
20°C T 10°CE B RIBHERTEL » MR BAERAERE (DEEIHRMRER) THHUBER
S s B ERR20% » BIEEA Z B RIGIE 2 2R ARG - HhEm E RS R A > BRI
TG EEDH20% » BERNICEEHHIERESEE EREENHE - XhiER 2K 3HE
ARESEAKE L > AERAZERSEENEERARD L » HEAMABEEER

£2. BEBALPRTRERE S K5E2 BIGZ BRGEE
(n mole N, fixed/flask/hr)
BB ®E + F K &5 5 B #2ARE L K5 88
bt B 1
10% 20% 309, 409% 10% 20% | 30% 409,
T
10°C o | o | 0 o | o 0 0.09 0.06
|
20°C 0 0 0 0.11 0 0.15 0.44 1.00
KHEL
30°C 0 0 0.07 018 0.81 .10 160 150
40°C 0.16 0.19 0.24 0.35 0.16 2.20 8.00 480
|
10°C 0 0 0 0 0 0 | 0 0.26
20°C % 0 0 0.08 0.07 0 0 0.40 0.63
2EL !
30°C ‘ 0 0 0.16 0.61 0 0.39 14 10
\
40°C l 0 0 | 031 0.56 0.32 0.49 0.49 0.53
l i
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#®3. BWEEALPNTRRBE -« K5iE 4 ERSZ BREE
(n mole N, fixed/flask/hr)

B OE + B oK S e R HABE L B KRS E&E
7’ B — |—

109 209% 30% 40% 10% 20% 30% 409,
| 10°C 0 0 0 0 0 0 010 0.07
20°C 0 0 0 0 0 0 0 0.28

KHEE
30°C 0 0 0.74 0.75 0.65 1.70 15 23
40°C | 0 0.21 0.11 0.66 0 0 0.94 8.80

|

10°C 0 0 0 0 0 0 0 0.09
20°C 0 0 0 0.02 0 0 0 1.50

BH+
30°C / 0 0 018 0.76 0 1.20 4.50 4.00
40°C 0 0 0 0.29 0 0 0.88 2.50

ZE ERHERGHSBEREREEEPCEREERRRERE
AR PR R 2 B ML 3 IR 9 A RE » K 4 540 9 Bl BE T
RARBEERGEE  SEERERRERRERAPE - HREKIEMZ 670 n mole N, fixed/flas
k/hrs R HEIR S FIRE3.1~ 7.2 n mole N, fixed/flask/hr #53ME RIS 9 B
fREE 3 ME R E N EFIEERPETER T L ) ERSBERTENEENBEERTELH
BT » O FEIBHES 7 BN BEWT B 55 B AR IR IR (B R By 7R B Rs i B ER BE A bR st

4. EEE LSS BERERE ST B RIS R Rl

(E] 0 & = | B ot £ R &
L i n mole N; fixed/flask/hr n mole CHy produced/flask/hr
Cy 0 0
C, 0 0
Cs 0 0
Cs 0 0]
Cs 0 0
Cs 0 0
Cr 0 0
Cs 0 0
Co 0
Ni 3.1 0
N; 670 0
Ns 72 0

FS0mIZ A S 20mIEFUIF 1 » Cr—Co, No—No& B /AL o FAL Y B 7 S B A -
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BT » AR R > Bl LA SRR

- EIREEMESBENERER - BEPZERERRPREERE !

i35 5 B AL B E R E N AR E #7a E &AM » $0.0220.12 n mole N, flxed/g dried
straw/hr » TREEREETARERTRS > HERBERSNEHLBREEEREFITZ
B > M HERT A B E Bun R e B REERFR ‘fﬁﬁc‘f&’\ﬁ””ﬁ"/’}éiqﬁfﬁc%ﬁiﬁgﬁﬁ H
0.55 n mole CH, produced/g dried straw/hr% 0.30 n mole CH, produced/g dried
cellulose/hr Z B 2R <

xR5. ERH - B MENEE - BiEE bz BIREE R P
H f& - 1 —
9C | 3N | Ny | N | N l 9C | 3N \Nl ‘ Ny | N
- ,k,i B ] _ A i . a
E % ¥E i 0| 010} 03] 012) 002 O O | 01l O] o0
i

B fe H® i B |03, 0o o0 0 ol 030 o© } 0
\ | f '
\ ! ! i |

9C, 3N s A F

Hz 9 BBHES MER AR SEEREEY « BEBEE ' n mole N, fixed/g

dried straw/hr o BEZ4 R 2267 - n mole CHy produced/g dried straw or cellulose/hr o

HEL5F6E T TRBERE BTG E LB BEZTIRELR iﬁﬁﬁ“?&%%ﬁﬁﬁ R
MR o ¥475 5 6 75 7 AR ELILEE, RS ST B O A SR A o 7 1 B R A R BB
FEEFERE 2 EREER &S HTHE (0-0.12 n mole N, fixed/g dried straw/hr) >
e R 2 Pl R4 (0.30—0.55 n mole CH, produced/g dried straw or
cellulose[hr) » & & F B R i s I A PR B8 VR B S 2k > RIBEIRAE: ~ RENE
HH A% (B RIS S2.3—86 n mole N.fixed/g dried straw/hr » Bz E ] £5.50
n mole CH, produced]g dried straw/hr) HLFERNER SRR ERERBES REH
TR AR IZE7E o TR 1 1% 6 ol » W B SRSML MR A BN BB R
s HEIREE S NS B Emae A L » HERTELRES AT EDTLER
wARERERE » RS H & EME Y DR ILE T » WA TS ZEAE LB
RZ—EHME °

®=6. EAHE - RS MELREENREERZBREE T s
N B i F " f: o4& w &
\\\ ﬁ\ﬁﬁ}ﬁg% n mole N, fixed/g dried straw/hr n mole CHy produced/g dried straw/hr
N ] T N
B = \ Ct  Cy | Cy|Cy|Cs| Cy ‘\ Crl Cal Co|C1 | Cy |Cs|Ca|Cs|Cs|Cr|Cs|Co
| — \ o | 1
i i I | 4
N 6.9 4.3I 33| 7.6 48 7.5“I 3.8 7.5 54 4:701 110 145‘ 255| 180> 195l 125‘ 120) 130
N, 30 15/ 19 15\ 7.6 57| 15| 23] 86| 1701 140, 63 50, 60 20 37 4.5
N3 2.3 3.4 85 12| 3.4 B 13 4.5 19 160 155 185 140 165‘ 55C 290‘ 6.5 145
‘ | | }
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BESREELERREERBE S MEREREILEZ AR 69
RT. FEAH - B FELAREENBHEELEZ BRI PREERE
N . |o& P % t AT
Tﬁ‘ ... 1 mole N, fixed/g dried cellulose/hr | nmole CHy produced/g dried cellulose/hr
@F’lﬁ - ane |
| ( . . ‘ | I .
[ R o CliCy |C3 Cy|Cs5]Ce|Cr|Cs|Cy CL |Gy ‘J C3 | Cy| Cs|Cg|Cr| Cg| Cy
- ) I ! [ |
: | 1 [ N : | . | !
N, l 3.71‘ 0 O} 3.1 O! o 45 O O‘ 0 O! G‘ 210 O 243, 205 O, 215
‘ |
| | l .
i | ‘ |
N, | 5.0 0 85 92 0 12 03 0 OJ 0 0] 220 155‘J 0 5 O} 0
NN | neh
N3 ; 2.3 3.4/ 85 13 3.4“ 5.7 lBl 45 19] 160] 155 185 140 165 550 290/ 6.5 145
P l
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Study on the Symbioctic Relationship between

Cellulolytic and Nitrogen-Fixing Microorganisms'

S.Y.Jean and C.]J. Lin?

Summary

The purposes of these experiments were to investigate if there is any symbiotic
relationship hetween cellulolytic and nitrogen-fixing microorganisms and the effect of
rice straw buried in soil on the nitrogen—fixing activity of soil systems. Three strains
of nitrogen-fixing microorganism which could not produce methane gas and nine
strains of cellulose-decomposing microorganism which could not fix nitrogen, but could
produce methane gas were isolated and purified from the decaying rice straw.

The results indicated that symbiotic relationship existed between the isolated cellu-
lolytic and nitrogen—fixing microorganisms. The nitrogenase activity of soil systems
and the activity of cellulolytic microorganisms were increased when rice straw buried
in soils. The nitrogenase activity of decaying rice straw was 10 folds and 100 folds
of the soil next to and far from the decaying rice straw, respectively. This indicated
that the nitrogenase activity of soil systems were concentrated on the decaying rice
straw. When the soil water content lower than 20% and soil temperature below 10°C
inhibited the propagation of nitrogen-fixing microorganisms and their nitrogenase
activity. The nitrogenase activity of paddy soil was greater than that of the upland

soil.

1. Contribution No. 1200 from the Taiwan Agricultural Research Institute.
2. Assistant Agricultural Chemist and Senior Soil Microbiologist of the Dept. of Agri. Chem,,
respectively. Taiwan Agricultural Research Institute, Wu-Feng, Taichung 431, Taiwan, ROC.
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RKEEH I FERAR TRERE 5%
BT SR gt B2 Mg

AR FIAZZRE T RRER - 74T RO 5 B RS TH R AR MG » 2
TETRIEL > LIENERRA S MBI E o SELTEN TR RN RS 2 F 5w -
O R TR BN EORHG A 0 T TSR0 » EHSR AR 2 ZORHE I 557 BEAI RAE 195 etk = TR
HREK e FRE I B AR EERHHZARNTREANC &2 SN RERR  FHAR - BEH
SR ~ MBI IR0% LA B2 MR TR 20 A B TSN M o S LR BT 13
Z IR R S 2 BHERIE 15.1—18.0°C, 18.1—21.0°C, 21.1—24.0°C, 24.1—27.0°C Z
PRI > HESHR 75 1—85.0% » 85.1—90.0%;2 /| » W8 T2 70 A B T30 A\ (B8 o #E - (TR
BTEAFAETTERED G 3 B WETERE S 4 BE0 E—EEREE S ME - 78
MTTEAZRERBSEBRE > RAERRAZENT 2T REE S RAERS » HRIREE
R » SRR RE W

FIFRFAR M BLEEE 547 » A h RS > 2R T EERRMSARR2E RS »
BUR KR EER TR RO SR B L% R R R T2 A WS 9400 @ © 54 Kiyosawa ®
R LT RO AR EYR 2 RS y=ye™ (YEFREE > vo SRATHMZIBTH > 158
IRER 5 KD © 7R/ NEGHRTTTE » Eversmeyer$ 9 412404 NE R 16fHF&/ N BE0E 2 Re R 4
WRT > UM NERGR (Puccinia recondita f. sp. tritict) ZHEE » HAYNT AR TH
s R > oW RS AR 2 FORR & 7 W EL R0 73 40 » 1 5 BO7E TN 12 5 e O A AR R
REYEE o itk Eversmeyer® (1973) © HAIFZL B S AERTRAEMR THANEREH (
Puccinia graminis f. sp. tritici) ZBfR » DFRMT7 ~ 14~ 21 R 30K B 2B E 1 o T FIR T8
RS 2 TR - ‘

EAEEHEARZHNERARZLER = =  BASAZFHEAE s BERETE - &
EREF > RIEEZE BE - BWE > BEE - DRSS BREE - FHRRE 22—25°C 2R
AT B BESRE R ERE P R 2B B ER SRR (GBS 5 1979 9 < A MARE
ZHMFERBERAFHANERER @ » TENEREEIRR S EUURBIECER 2% » A
WEENW RS T EURBICE B2 R » B TAR B DFANBEEHR 2 BAE o

MEER &
ABRHREERER A - BES BB » REF » §/MERSAR » H6 AR « fiRhk

LEBERRGRET WRMER 1201 5 - AXBE—~FEELRTT 87 o RTHRbE SR 2R
» MR B G BT ABE G 808 o S ZORHFI b RIS B R 2 WIS MR e B
HARE o PR -

2AMBERIBETHER - 8% FEf o

S.EEM AN MYIA B E R RITAIR o 2t o
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AR 19764E F 1978 FAENAZFE 5 E R 752 A 8 BF » Ml — A5 DI H A2 /NE © 1979 LIHE R
BinEZAOTHREZFA 35 BERETERE S RLEETHR S NEEHAZ/NE » MEEMSHR
Zrh Al 3 B A KM B A NE o KEITHREES22. 547 x22.54 % - IR RER
AEI208)T » 5 BEER » MAGBIRR IR 2 o BIERAE 6047 » ZIEHER - SAEEAEOA
ro DEERBRREBES 2 o ERBA S REE Kramer-collins i THRES » FRIRE24/)N\0F »
FI55 BIRE—R » i PR ERRK » FRIOPDE » KRREFSER20AF » BTRESRTEA
MEEMEROA A o MRAL - MERE B AR RIRER - BAET RN EH S RBBERLUERALER P -

EEREBVRE A% B R E A0S KRBT B A BE—E 58 EZR-ME SEREBH ¥
o REVRHEFS/NRHE » BEERBE o M IR B ERSEREN » pIIKkn » B4R E o S 2UER
HILEYREE » SIEH BRI » PHBKE A c BRFAENERAREERELRALE  BERFAE—K
s BHEDFAAE =R (N=13) ZESER 592 M « BES R UEREE B HITER » AKX
TERSERSZXRESKNZEASB2ER S £ BT ABEES EEE (Independent variables) »
MR R#205 2R » MESTIF R Ak # 3 (Dependent variables) o BH#H5HHMA
E-AERERR X)) » HMERR X » FHAR (X)) » fEE21-24°C2/ R (X))
BEEEE X » REAHEE K o FHEHERE X o BEEEE 0% 2/
B X)) o BEAEN X)) » TE KW RFERTEH K S+ @EE - B AEHERER
7 15.1—18.0°C /i (Xs) , 18.1—21.0°C2 /il (Xe) , 21.1—24.0°C Z i (Xp)
24.1-27.0°Cz/ s (Xo) » HHEHREE 75.1—85.0% 2 /N (X,) » 85.1—90.0% % 2/ E (
Xi) 290.1—95.0% 2/1Es g (X1) » 95.0% L B2 /R (Xoz) > B KRR (Xie) » R (Xu)
BAERTE (Xis) S--—{fEg o

R W 2 B R e R A 2T 2 PDP-11 B Y o 47 AT I 2 B EXBBMD
P2R ™ » (fEEESHT 2 B R S 2R b SEAE19764E B 198248 5 L 4F 2 BHR A HL R 2B 6T R 1 197945
T 19824R S WG 4E 2 BHRELFL © BRI TS e R SE B 2 B RHE D 547 » RERERTRFEZE R
B o PHEEOITZ S ERT HR A B HARI976E 21982 F S -E ZF 0 « 5 LT BERP
J7 AR AR ML B 5T o

ST HBATER BT ER » LEHER? GLEfE) EEEKEZTER  RARFBTREREZ
AR B EZFEEH R S AT B2 EFEHEAABE T EXME FTHNE » i HBTAREEE
TUME - B TR E R AR AT MIRRRTHEA 2T EA -

i ES

U 55— SEL R R S 2 S OB BT S TR B2 TR (32 1) 6 (B » Hrn FATIEE SR673%
B 3 1A > 6 5 HHH 2 (o FAMAELOTYZ HEANZ ABRSNBTR « 4RE 3R2ZBH >
FANEER 5 W2 FARsReh 2 U IS 4 R 3 K2 AR - TRINEEIOTH 2 FRAR 42 ABY
BIRERIE » THRR  RASAENRE « MEREO% L L2 SRR 5 kKT - THHEH 5 3
2 HERFOE 2 BEHETISRE « HEIREO% L b2/ NS TEE 5 4RT I - ZR67HE
TR 2 YeaE (R B1/50.3019 » 0.41727.0.3748 » #93E GREE - 2/ b WIBNHRRA 2 e i
5 DI0.3426 80,4423 » FRISE AR o FURS A R SBUS F EOT 3 2 AT BRI 5 A »
He TR BOTIHH 3 [ SIE 5K > A KR 8 K2 REEEE 5 AR TR2 BK - MENZS
M2 HEAE 28 5B 5 KR 2 K2 RAEMR 5 TR BN - FIEROTHZ HBAK
BB RIS SIR 15.1-18.0°C, 18.1—21.0°CH21.1—24.0°C2 /INKF# » AESHRE 75.1—-85.0% %
85.1—90.0% /MR- FIR R 5 A e T8 o TAIEE 5 382 7Rt S 45 4R 18.1—21.0°C
F:24.1—27.0°C22 /NI HIEHRIET5 . 1—85.0% 2 NFHE TR B 24 B T » 248 67 BRZ T
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R1. FIHZSEE SR &9 B — ARG EEIE 2 RN ER
Table 1. Predicting equations obtained from the first group of meteorological

variables combined by stepwise regression

| g - ; 5
pe | BB BHMAE B B - ; . RERE (R?)
&t;ﬁ J Days of meteorological " ﬁu dicti i t'fo% b AL R'?%ﬁi@a Coefficient of
* | variables accumulated redicting equation 1ce culuvar)  getermination
|
1 7 Y = —22.299+0.067X;+ 0.035K 19+ 0.088X 15| EE{E6742 0.301 9%
2 4 Y=—6.1364+0.126X¢+0.136X14+0.179X15 | ZF55 Bk 0.3426%*
3 4 Y=—10.05340.141Xs+0.092X 15+ 0.131 X5, ZEEOCTHE 0.4172%*
4 3 Y=—10538+0.179Xs+0.124X1o+0.254X15| ZE 5 Bk 0.4423%%*
5 3 Y=-—799240.163X4+0.096X1,+0.148X;5 | ZE6THE 0.3748%x*
DY =S lesion number X14=Quantity of rainfall
Xs=Minimum temperature X;5=Conidial number
X;=Average temperature **Significant at 19 level

Xip=Minimum RH
Xz=Hours of RH over 90%

BAHIE RE A R0.4119 5 0.60147.0.4988 » 35:E B EE © 25 b 2N A BAHRERBE R
0.34797%.0.4606 (£ 2) ° ERFEER 5L THED SRR EEIEHEZIANTERX  j§5H—

F2. FIABLEE EGA T B AR KBRS 2 A TER
Table 2. Predicting equations obtained from the s~cond group of meteorological

variables combined by stepwise regression

X o =3 — . Shet 2
g | P RBBATAE . ow v @ x| hmam | BERERY
No Days of meteorologica Predicti ation! R; 1t Coefficient of

* | variables accumulated redicting equation lce cultivar  getermination

6 5 Y=9.255—0.092Xs—0.212Xg+0.133X 14 Er 50 0.3479%*

+0.150X5 ’

7 5 Y=10.352—0.042X5—0.107Xs— 0.140Xq =HEoTYE 0.4119%*

+0.096X 5 -

8 4 Y =8.024—0.168X5+0.084X,—0.131Xy EEOTHE 0.6014%*

—0.085X14+0.0117X;5

9 3 Y=8.550—0.185Xs—0.193X:4—0.101X 4 TR 0.498g%*

+0.151X;5

10 2 Y =1.34440.368X3—0.370Xy+0.267X 14 ERE S5 0.4606%*

. +0.375Xs )

DY=S lesion number Xo=Hours of RH 75.1—85.0%

Xs=Hours of temperature 15.1—18.°C Xijp=Hours of RH 85.1—90.0%%
Xg=Hours of temperature 18.1—21.0°C X14=Quantity of rainfall
X;=Hours of temperature 21.1—24.0°C X15=Conidial number

Xg=Hours of temperature 24.1—227.0°C #Significant at 1% level
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HMASKBURTERTHRETARAE BB T 2 ETHE (3) REZHARSEERS ERTBRER
FRABHETZHEFHE (R4 RASTHANSTBRFEITREE S BB E 2 FANE » im0
R, FHRRERE T ARTEZETHE

Table 3. Year average of the first group of meteorological variables and conidial numbers

MHMBARER |8 K i fR Year
Days of variables
accumulated  |Variable 1977 1978 1979 1980 1981 1982

X 134.0 118.0 110.7 1288 137.7 110.4
X7 1649 148.7 139.9 161.9 168.8 143.8
Xio 430.9 557.6 427.9 419.5 461.1 4746

VPN |
Xig 85.1 122.0 60.1 46.4 66.9 105.1
X1 27.5 30.8 3.2 L7 0.5 4.0
Xis 79 30.4 24.1 4.0 10.1 3.8
Xs 784 70.8 62.4 72.5 81.2 64.3
X7 95.0 86.4 794 91.6 81.2 82.6
X0 253.4 326.2 249.9 240.3 266.5 269.6

4K |
X1z 48.2 74.1 343 29.0 39.9 57.9
X4 17.2 189 3.5 7.6 0.3 2.0
Xis 6.7 25.7 20.0 3.0 7.8 3.6
Xe 59.6 83.7 417.5 54.4 61.5 47.6
Xz 72.9 65.5 60.5 69.0 74.1 62.2
X10 188.7 242.2 188.7 180.6 201.7 199.1

3R
X2 35.1 55.2 26.0 22.6 30.0 41,4
X1 12.0 11.9 2.3 A7 0.2 1.9
Xi1s 5.9 22.3 17.7 2.6 6.8 3.2

D Xs=Minimum temperature Xi12=Hours of RH over 90%
X7=Average temperature Xu=Quantity of rainfall

Xip=Minimum RH Xi15=Conidial number
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FEBCHRRER T ERTECETHE

Table 4. Year average of the second group of meteorogical variables and conidial numbers

B RAB AW |8 o S Year
Days of variables —_—— 7 —
accumulated Variable 1977 i 1978 1979 1980 1981 4 1982
XD 13.2 20.5 428 204 74 289
Xe 17.5 34.5 28.4 318 19.9 31.5
Xy 27.1 27.6 16.2 279 37.0 19.5
X 36.0 16.0 12.4 215 263 | 17.0
5K ‘
Xo 18.1 11.7 24.6 17.5 16.6 16.2
Xig 10.9 14.2 20.7 194 1.8 | 9.5
X4 17.0 20.9 3.4 6.6 0.3 | 3.1
Xis 7.0 26.1 22.0 3.8 8.5 [ 3.9
— ‘ —_— )
X5 109 15.4 33.1 16.3 41 24.8
X 15.2 29.4 24.2 26.3 15.5 22.6
Xz 22.3 22.8 1.7 22.1 30.6 15.9
Xs 26.7 11.7 9.6 17.1 21.7 13.8
4K
X 14.0 8.0 21.0 14.7 13.9 13.5
Xio0 10.5 11.9 20.0 16.3 8.5 8.2
X4 17.2 189 3.5 8.4 0.3 2.0
Xi5 6.7 25.7 20.0 3.0 7.8 3.6
1
X5 7.9 10.5 23.8 11.6 2.0 18.1
Xe 9.6 19.5 18.0 18.2 11.1 17.5
X7 15.5 169 101 175 24.3 12.3
Xs 20.6 8.5 8.7 13.7 15.5 101
33X
X, 108 | 7.2 13.2 10.6 10.4 9.4
X1o 78 | 78 13.1 118 6.2 5.9
X4 12.0 11.2 2.3 47 0.2 2.3
Xis5 5.9 22.3 177 2.6 6.8 3.2
X5 49 6.0 154 [ 7.3 1.2 11.9
Xs 5.0 15.0 122 | 100 71 12.9
Xz a.1 114 71 | 11.3 15.8 8.6
X3 14.8 7.3 6.8 | 9.7 11.2 6.5
2K
X 7.4 4.6 8.2 71 7.0 6.5
X | 5.4 5.4 2l 73 45 41
X | 5.6 6.6 0.9 1.9 0.1 2.3
Xis | 4.8 15.8 154 2.6 5.3 2.9
|
D Xs=Hours of temperature 15.1-—18.0°C X9=Hours of RH 75.1—85.0%
Xs=Hours of temperature 18.1—21.0°C Xip=Hours of RH 85.1—90.09
Xz=Hours of temperature 21.1—24.0°C Xu=Quantity of rainfall
Xg=Hours of temperature 24.1—27.0°C Xi5=Conidial number

fEkbE: (R6) o h3F% b ANTRMNF R Z TARN S B S H P340 » T 22 2267 3 2 TR E 5 2 Rl fE
HEm s mERER -
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#5. ATRRITESORFEE S IR BB TR (H B E 2 L

Table 5. Comparison of predicted and observed values of S lesion number for various

years from different predicting equations

=3 e Year
EA A 1977 1978 1979 | 1980 1981 | 1982
No- | Gl e g@tﬁrﬁ@ﬂfﬁ'ﬁm B TR Emuuﬁwﬁ‘smuf@%murﬁ ﬁm %ﬁzﬂi
PV OV P V. [0. V. [P. V. 0. V. P V. [0V, P. V. O V. [PV

1 = 6T \ w1 ae8 25d 208 e0d 79d 428 4o
3 EEOTH ; 452 445 323 208 609 793 418 407
5 EE6TH 487 445 343 208 592 793 421 4o
7 6T 418 445 401] 208 6400 793 | 387 407
8 AT 2.3 445 286 208 624 7. 93“ 367 407
9 ERETHE 507 445 28 208 6.31\ 793 443 407
2 m=ess | 728 1074 996 1214 5781 B66| 457 144 553 450 288 124
4 mEs58E | 598 1074 1158 1214 568 566 2.66 144 5.92 4.50‘ 393 124
6 masBE | 712 1074 1030 1214 518 566/ 407 144 522 450 400 124
10 EigsH | 7135 1074 1007 1204 6.83‘ 566 3.77 144 489 4.50§ 3.03 124

D P, V.=Predicted value
20, V.=0bserved value

auh

T o
B AT S RRRESTAN S50 » B UARERTFAARSEELN > BmEs4ERT
B LRSI ST » BITTEAER  FIHE A S EEMERREZRTRZABANEEZ
BEANERE © HEEERERE  FHRBRAEREN L L2 N > T AR 5
FIEARRR o THIZEERS 6 552 FREAMEE 2 BB RS @ HAEERERE - HERRE 90%L
2N R TR SHRBE R MER R o IR AR S EEFE R TRNERCTR 2 T ERN
B4 BIRETHRE © HEEERIR18.1—21.0°C Z/NEE » FHEHRECT5.1—85.0% 2 /NS LK
TR > LS SRR AR R - THNEE b e HFEXFES 2 BENR®RE © HEER
RIE24.1—27.0°C2 S B R TR & » T AR BEEUR IEFABHBAGR © MUG G BlZ » B EROTHRERD
WZRHBREMZ RABEARERR - FHERE  RiR18.1-21.0°CK24.1—-27.0°C Z/\EFE
s FHEHRETS.1—85.0% R 90% L) L2/ MNSHE R E o BESEY ~ 7EBRTHRERBEREMN 5
REBFEEZHANTER o BREBRNZEREE » ABEEHRG2ITLE » BTS2 RN ERE
BIEMEERZBRAERN > QFIHLERS 2R E AR EREE & » EFEBHED 2R » [H5
SERTEZ SRR P EAERZERE - SERTEEAKERE ERT2ZERLBRER
SR ERTAFE - B — RSB HEAZENFERBEHE 3 MEl » MAE T HRREEY
FHEE12 FERGIEE8 &8 5 BB » KehiaH 4 MER > MDA Kranz (1974) @
PS4 BHE 5 BTG 2 — 4 RIS B AL & — R TIRAYERE » FIMAEZPHRFIA r=33+0.3145x,
—0.03725x % LATAN 8 B 2R 2R (r=100 BIERHR 2B » x, = B BB =ES
FalTE .=FHRHRER) © » fTEAREE 2 AEY - AR EE ERTEN
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HERERE R —MIETEERTH® 2 7BREX o hMENEEFERNEZ LS (E5) -/
B2 BATETR 4 EHENERE NGB - MR ANERNR STHRILHER
HEAM - BN 5 BiE19804: R 19824 BRI » JRBEM Y » TAMIEER b B2 TR AIEIVOF R
19824 » HIAREISME R ERE - ‘

2E XM

EH 5 0 1979.BMDP~ 17, JERRRFEM o EEER) o S31TH °

2.HEH MBI ~ BEE « WIRIF 0 1979, RMBVRTTEZ IR R AR TR Z IR o B REY
BIGPIFREa375: o A FT B R R LR - 31 - ‘

3.BEERHME - BRVEEE o 1984 AR EETEBYRTEN T . RS IR BIBGER o fEREGTI26 1 171—1800

4. FERIE ~ ZERME - BRTE - 21 o 1984 BB rh Rl HIEAS BURTR T B2 TIFE o HhEEBEEIAE33 1 169—180 -

6. Eversmeyer, M. G., and J. R. Burleigh. 1970. A method of predicting epidemic development of wheat
leaf rust. Phytopathology 60 : 805-811.

6. Eversmeyer, M. G., J. R. Burleigh, and A. P. Roelfs. 1973. Equations for predicting wheat stem rust

—

development. Phytopathology 63 : 348-331.

7. Kerr, A., and W. R. F. Rodrigo. 1967. Epidemiology of tea blister blight (Ezobasidium vexans).
I11. Spore deposition and disease prediction. Trans. Brit. Mycol. Soc. 50 : 49-53.

8. Kiyosawa, S. 1972. Mathematical studies on the curve of disease increase-A technique for forecasting

epidemic development. Ann, Phytopath. Soc. Japan 38 : 30-40.

©

. Kranz, J. 1974. The role and scope of mathematical analysis and modeling in epidemiology. In
Epidemic of Plant Diseases, ed. by J. Kranz, Springer-Verlag, Berlin, Heideberg, New
York. 170p.
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Prediction of Rice Leaf Blast II. The Relationships of
Meteorological Varizbles, Conidial Numhbers and the
Development of the Numbker of Iesions'

W. H. Tsai’? and H. J. Su®

Summary

The purpose of this study was to analyze the relationships among meteorological
variables, conidial numbers, and leaf blast incidence of rice cultivars, Tainan 5 and
Tainung 67. The data were analyzed by stepwise regression.

The results showed that ten predicting equations for predicting the development of
the number of “S” lesions were derived when data from various years were combined
for analysis. However, when data from various years were analzyed seperately, no
agreeable equations could be obtained.

The independent variables included in the predicting equations obtained from the
first group of meteorological variables combined together for analysis , were minimum
temperature, average temperature, minimum RH, hours of RH over 90%, quantity of
rainfall and conidial numbers. On the other hand, the independent variables in the equat-
ions derived from the second group of meteorological variables, were hours of tempera-
ture 15.1—18.0°C, 18.1—21.0°C, 21.1—24.0°C and 24.1—27.0°C, hours of RH 75.1—85.0
% and 85.1—90.0%, quantity of rainfall and conidial numbers. Among the total ten
equations obtained; 5 equations included 3 variables, 4 equations included 4 variables
and only one equation included 5 variables.

The coefficients of determination in the predicting equations showed significant at
1% level, and the predicted “S” lesion numbers closed to the observed “S” lesion num-
bers for various years from different predicting equations. Therefore, it indicated that
the equations were reliable for predicting the development of “S” lesions of rice leaf
blast.

1. Contribution No. 1201 from Taiwan Agricultural Research Institute. Portion of the Ph. D. thesis
of the senior author at the National Taiwan University, Taipei, Taiwan, ROC.

2. Plant Pathologist, Chia~yi Agricultural Experiment Station, TARI, Chia-yi, Taiwan, ROC.

3. Professor, Department of Plant Pathology and Entomology, National Taiwan University, Taipei ,
Taiwan, ROC.
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BREFZREZT T RBETR G EZAR
REEF 8

BEARBZER . (=) RRFSEESEREERBRIME 0 (2D EEF A/t
EBTEARTIRBREER VT » () BERFIENE M S 588 = B  Seny
DML RERAFREER FINR B R » SRR E R 5 Y
MR haEARRE » NAL  REED ERFHRAES  BEERLBREA AL ES TR E
Yeo BHICLEBFRET ATHEME Aspergillus parasiticus NRRL 2999 B, A. flavus @itk »
BET ~2ARBLWE 6Snm FSEHE  EFSBREREFETHGa5 » BFEER
BT HE O TR DL ISR E R M A BT S R R R B e o RS
P EATATE A8 T JUE S SR T > 453 2 I TR (4.0 LSBT /) 55R8 IATA TE 4
WTHE e 28°C BRI RENBERETE  PRRENIS%EBHFA » 16~30%ESd

B> 31 ~30%#HRBRIFEL » KI250% ERBEBRYFR » JE0ERE (R) » MPERHA. fla-
vus TARIL 2003 WgkRBYUREE R GE 652 %1607 » HAIAHISRMEE I 058 - /5108 -

ER AN B 2 RSB o

B19604 BB Bt KBTI RINFL IR (Turkey “X” disease) # » ##75% (aflatoxin
MBERZIIE - AMEKEER—ERENEEDE 0 » FEWAREERETTA B ESE
B RTGH BHLOIDISIVINIO SR SEIR ~ FFREIIN DR R ABE » BT R E AR
ZakE (0~13%) LT ~BBEERSBREERTROEE » MIRE DRSS » WL
WHER Y o BIELIHERT (preharvest) - SMNRRKHAEERERGEGD » ELXBEFANE
FRE » MERBEWEHLI @ s BIRHRMBZ B » %58 - HFRIEERES R e mgETE
EREBEICRBRRGG 001 BTRAEBHRENTERER > FENEEEREAER
HROBVOERRE > (BREFNERE D ORSEEN RS ROBRETE » AR EHEY
ARBmE o

HURTETE B 2 B A SRATID T » T SCIk e B P12 B0 0 7 v A 6 TE A 0 R R A (A SR 5
AR Z B AR AT M 7E (SRR - 0I5 S B0 V5 I R B AR S 9 1 4 BB A B sl
2 NIRRT RIEERR O o WRME B ROBR » EIERYh S i T s o
BB DRI R B A R AR IR o BT LU RIS 5 R R B 5 BRI iR
FRNEER TSR AVEEE » (B DI AT6E A9 SRR 7 U8 A DT LR 8 +43 RS » [RJL Marsh J O
FREEMTERT LR Shotwell [T 2 GREET KB THHMWE RS > IEE 365nm %
SHERS T AB R SIS B RS A SRRSO T L0 400 2 2R R0 » AURTRR Rk 69T
e o WITERBIERRETE AT LS EEH o

VEE BORHBRT DI EES 1202 9% o ARBURBEETE (1288 —4.1——E—212) » GREEENE
BT S L0 2 B A B b S T R AR OB E b » kI o
2RPEIRBE T BIIEE - ZlE B B -
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ETETRRAERET (genotype) HEME BN £RBNIEHHMSE » EB#HE P 1. 337409

% P. 1 337394F H#EHE A. flaves BFEG M OO MEDHEETCEME Junagadh
AHEHEMB R EE D0 c RARNPEERE I ZIIEEH -

ARBZEN (=) ERFRHREEEEHERGEIMEG () WS REREETE
S FMERGRZIGE, () BEAMEE 2#EE (germplasm  collection) BuhR R A
AR FEREEIE AR -

HHFE S ®
—  FEEZASBRREZEREHZEE ¢

BETCA R L EREENEZERL " (Aspergillus differential medium, ADM, & 1.5%
trypton ; 1.0 yeast extract; 0.05% ferric citrate % 1.5% agar) 7 BEEHIE (Asptergillus
flavus group fungi) o §¥&RKEFRBMHZEEICERT » DOSHREMIPAEETNTE L 78

s BLME AR KIEY 2 K > ARESEHARBETHINEDN L EE(ADM) FF ki 28°C
B 3~ 4 R PRMTUA 2 300 S 75 e BE MBS T A RET » B A Czapek’s agar medium
PRI B R R R -

R 2 EEHEY Mixon Y0 K2 HE » (EKRSE » 5 8RS 2 R E R EHRE
¥ A. parasiticus NRRL 2999 4 Hl#fE4 EXBET L » HEEH EBRI00K#E FRET (F
35158 HA 300ml =g > A 150ml &4 0.005% (V/V) EEH (Tween-80)
ZEEERKERI2S B ERET RSB ER  FMA 100 mlz X EkRTRiPE (R
BE 4 x10° BT, /ml > BT E 28°C ##21% My Czapek’s agarfE) T #BHE » RRMEEKR
BTN THHA 3 FER 9 A% 2BENA » HRIATELKE—~EEKR ( Whatman No. 1)
WAMA B2 BRI RIS ~ RREERLER 28°C BEEE > BR7 XL

s METURHRALAERE LN 365nm 3% £ 2 %46 (UVGL-58, ULTRA-VIOLET PRO
DUCTS, INC. ) #i# » #HEkOECARRZ AT A H R -
I RBREERERERFRZHER o

ERYW R G TR AR R 10 50 8 0 5% ~ 21058 ~ 228 4 9% WIEF AR AR
FEIETEE W 2 5% » T2y » Holland Sta. Runner, Virginia Runner % 8 fHR&EGR) » Az
BRE2EMR = EW » R — RIS ST RS IR » 28 KRRIE T LU AR S B T
Z IR BRI AR » R IR » JSRE TR ~ B0~ R B HUABURHEE I
WRAHERE » HRTRSE SR - BEREENS W EEAREEENERE (FiR22~32°C
) P AEHLENEERE (ADM) SEET L5 5EE » BRIETEA R0 5% REBN
BWHETERS S 08 RABREREANEREAZBETHIIR ADM Fii b &8 28°C FE3X
HEOSEEENRESE  HEERRABEEREN LETREC RE LB Z EHiE BT
BREEEPESESERBETFER » HEERERREET L 0.5%RAMNEERTN 15
5 > T LU B EAOKERDE 2 R B DUER ISR T REAS Rk ADM i L 38
28°C EEIRKASHBENRESE - BREDEES » HuE LRI » HREUE 200 3 > 3
BEESX BERREHM A -

B EBRERER ETITEZIET .

DOV ISR T (ERE oY - SE10%5 - 2512 4 5% 9 2 30 SRR IER
BT (ZE5MRER 51K HAHNE  RELAELETREASRTLARGEESEL  HER
B EERT R 2 EikE (A, flavus) B ¥BENE: A. parasiticus NRRL 2999 75 MEREEEIEARE
KET Lok EREBEHEFEEE 28°C 5% 1% 3 8% » BETURRAERSEL 365nm %
Sl s ERTREREKEBELARTEERERFE
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M RRERE ¢ .
R RS BERTS 2 BEE H R S2R A A TE AR T M B R E TS SR S R ERR)

s B ASKIR— B R 2 E#k A flavus TARI 2903 #EURMEZH - BEABTEENE CGR)
BARTRERIREE » H— RS R ERE R R ER R ENEEA°C) RiEA - S
IRANRTMGS Mixon ' K2 TERE » (68 28°C BR7T REBABETHABMHEBRZESE
ik Patancheru 1 Y Fi5{H Mehan K2 HEHIERERE » #RENREFRID%ER R—
EH M (resistant) ; 16~30%% & MR— ¥l (moderately resistant) ; 31~50%%%F S
—HR A (susceptible) ; A50%E D HS— KA C(highly susceptible) o

HREHR

— REECOERESREN

DNERE L2 > Aspergillus parasiticus 245 %M THIEMEE KT (vesicle) EmM{E#EZ
AWMk E; (phialide) » RBEMIRE LRBELS ST (B A flavus ZF—EER (vesicle)
FEEEE AR E BRI A SREIMA (sterigma) > REZEIMEEFEAERE » RIEUIRE L
EESERTE B o RRBILSHBFR0EFBEEE  CERETHEEREBR A flavus
s HEEEARE S IIE A, flavus TARI 506, 2602, 2604, 2605, 2608, 2610, 2702, 2703, 2704,
2705, 2711, 2712, 2801, 2805, 2812, 2901, 2903, 2904, 2906, 2909 % » MN¥WEK NRRL 2999
RigHEERETE A, parasiticus o

RULERETMESENEEER » MG A flavus EHE A, parasiticus NRRL
2099 HEE KOS > BRCMEBRABEEEBERZET -

Davis K Diener K ®gHUBEAEHETEE LS BIIBAXFDE A, parasiticus MEX EERX
e A, flaves » KRB ETETEE Lo B ERNEKRSE A flavus » BEMARE RIEE S
AR ERRE R -

BAXBFIRZ ELET N » Hara K& P FIH—f aflatoxin-producing ability
medium > GEZEELES TR ENRTIERAEESTRD » (ARESERAELBEHEN
T—ETGEAERERTMBEREREER G ZRER pH [HaE L §BEENE R » WE
AEBAFIHZ T EME o
S RHREENERERTEZRE

FBEHMREETARNEEZ BTEAERBEERE 2GR » ANEESHM G ET L REERD
BI15524.9%.21.8% » Wi/ NerfE S BIES16.4%.15.9% » BURNKRIRE /NI B 2 fRaEsE » T B4R
KRR BRAESEEEREZEERER » MEANBEAREK » MUBERE/NNE »
MABHEHNARREETNETLEEENSRE  SESHATHERAL  MHEAEELEER
BilE » WETE -

FEOBWERBLEENERREERINSEE  BrEET LI REBE 2SR AR
EAEPHRARESBETABRRERNORESENEHREE » T HLEHRE 25 Mm 2 05 S
EHREEREGNRERANE 7B » A ORRARE L ERR15H -

AABEEEBEHHEZ BT FRRAEZE 5 RER » T LR EE T REE 2 %
BMETR2E 05 » BRARBZERER » KRB IRES SRS EE » hWBERYS » B g#H
WEZ ZTEAEREMB R R BERS > ?REEMAERFECREER » 7/ BRBEERZ
R > BB > SHE SR ARSI L R MR R R E R - TR R R E S B B SE
SRR X ISR TE L A BER—BRERAFHEREETLE: » — B2 FHMRTE
BEERE » MR T HEE (source of inoculum) B FIREGYR (primary inoculum)
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F— . Pk eEETREETCERR AT ER
Table 1. Percentage of peanut pod damage by microorganisms and/or insects in Penghu

and Luenpei plots

g E B 7 #& (% of damage at)
B B & & (Variety tested)
% # (Penghu) - ¥ (Luenpei)
x b A fii (Virginia-types)? 24.9 21.8
7 7 f& (Spanish-types)® 16.4 15.9

¢ WHRE  BfE—T12.4.21 ; W#E—T72.8.2

(Penghu plot : sown-4.21, 1983, harvest-8.2, 1983)

BERE BE—T72.4.24 ; g#E—T2.7.14 (REIfE)

72.7.5 (kifE)

(Luengei plot : scwn-4.24, 1983, harvest-7.14, 1983 for virginia types, 7.5, 1983 for spanish types)
b ORTRE W 2 BR 0 F-3EhkL » Holland Sta. Runner, Virginia Runner (Virginia types ! Penghu 2,

Chien-yeh-chung-li, Holland Sta. Runner, Virginia Runner)
¢ UNRIfE D EERESR O R o EFI0NE B AN T A

(Spanish-types : Tainan Selection 9, Tainan 10, Tainung 4, Spanish white).

KT BHEAETHEEEAESRTFREE R R 50 ER°
Table 2. Percentage of contamination by Aspergillus flavus group fungi on damaged and
healthy peanut seeds which were harvested from Penghu and ILuenpei plots and

then stored for 6 months in the lab. at room temperatures (22~32°C)

% % B 4 & (% of contamination)
Bt A BEE (Vare'y tested) ¥ #  (Penghu) m  # (Luenpei)
W EBE OB R E R % EE M EZE M
(Diseased (Healthy (Diseased (Healthy
samples) samples) samples) samples)
X ¥ f& (Virginia types) 23.9 10.5 2.1 0.2
4 % f# (Spanish types) 21.9 | 2.4 2.2 0

¢ SERTERIEMIE RN (T 0 46 28°C BE S RARBINEESRESF » EESRRETHE
(Experiments were conducted, with 3 replicates, on Aspergillus differential medium in the lab.
Percentage of Aspergillus flavus group fungi colonies were recorded 3 days after incubation at
28°C)
o SRR R e R R PR ER AR B R B TR —

(Variety names, dates of planting, and harvest were the same as shown in Table 1)

= BIEmRERZ AT

EIEAEEE IS4 EYEREREZEBINS 2 BNELETUARRSENGL A fla-
vus TARI 506 Z20{HE KR A. parasiticus NRRL 2999 5% » ZE052L) 365nm S5 E4
o REBEENEERE T RERM A2 ERETERREEE A flaves B A. parasiticus
NRRL 2999 EHFEGOEL > MEELBTHREEKEES > Wit 365nm FIVETERR
WAEFICERBRHHERFY -

Shotwell FG&: (9629 354 5 Pyt (G TR B » 7 360nm BRI ERH TR B S3ITE
TR > ERAGEEM F R T DRI EENEMER » B HEKE R REE
FHEM o Marsh K% 19 RI969EHEFBERKOE LR ANHMEAEILE (substrate) BERA
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AR —# (kojic acid) - SEILEANF GHMELRESH (peroxidase) fEHIfR » HIEK
BHHERTH - Marsh 4 09 DERM A, flaves EHEERETEE  KBHERRLL 365nm 3R
St > i REERRET (young seeds) AATHIZFI MK ALY » ERAHET (matu

re seeds) WEZETHEE » HABBERBEANPET ZERN (embryo) HH@EEHE Chigh
activity) HOMBEALELE > ISR EYE - (ERBHET » HABALBEREARELE
s BB SR EES « KRBT ETRUEIIREE AR ERXTAEHRG Y » ILEEIE
SRR S R E L -

B 1 FERGS BTEATERETLL 350m FAK BRI LB R
Table 3. Detection of fluorescence under 365anm of UV light in peanut and corn seeds

infected by A. flavus or A. parasiticus.

f#t 2] B # (Isloates tested)
# & ® X % A. flavus  TARI isolates® | A. parasiticus ~NRRL 2999
(Days after incculation) — . :
% T A& : K - I SO = *
(Peanut) (Corn) \ (Peanut) (Corn)
14 - + - +
21 - } + - +

¢ A. flavus TARI 506. 2602, 2604, 2605, 2608, 2610, 2702, 2703, 2704, 2705, 2711, 2712, 2801, 2805,
2812, 2901, 2903, 3904, 2906, 2909.
bOETEAERRE  EEEOBE ) ERII0N ) BB 4N W28
(Peanut varieties-- Tainan Selection 9, Tainan 10, Tainung 4, Penghu 2)
¢ KA BRI 5B RIS
(Corn varieties : Tainan 5, Tainung 351)
I — IRIRERY +  RREEREEL

(— : no fluorescence ; + : with greenish-yellow fluorescence)

Y ~ HLARETE -
DA RT3 2 A, flavus TARI 2903 ERkHZEARBLA B ZERE » BEROKRAE »
EBOEERMHEGR) B » B GE652, NC. 449, NC. 482, ICG. 3104, P. L 196621, P. 1. 196626,

=W EIEAERE GR) HEMHE (A. flaves TARI 2903) £
Table 4. Screening of peanut varieties/lines for resistance to the colonization
by Aspergillus flavus TARI 2903

i b == i (Disease reaction)®
E5 A (Var./lines screened)
R \ MR \ S HS
_ l |
350 16 } 58 95 181

¢ R—IEHE (resistant) ; MR—3{#l (moderately resistant) S—fiEE! (susceptible) ; HS—imi il
(highly susceptible)

¢ GE 652, NC. 449, NC. 482, ICG. 3104, P. 1. 196621, P. 1. 126628, Basse (W. Alrica), Maria-B, C.
116(R), F-7, M395, RMP-12, C184, SP. 218, SP. 424, Roxo (Sal.).
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Basse (W. Africa), Maria-B, C116(R), F-7, M395, RMP-12, C184, SP. 218, SP. 424 %
Roxo (Sal.) %16{ARME GR) BEHE » SSEMA AL » HARDEIRILL BmRGHELL » @%E i1
PIEEERE 0% BHL00 » 2B 4 WM RWH 2 5% c WU ZMHTHEEA BETHLHRE
Hh A Bk 2 R TR TR AL & T o _ :
 BAREZHRNR P L 337409 B P. 1. 337394F ARBRMERS RS PHEL » SRR E
B REER > AR ZESIEEEEREREAZIGE » B WRETRRRART » FIBRHERAT
EHR ) BERERM B2 AR SR FEE BRI E SR

51 B X R
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Studies on Aflatoxin Contamination and Screening

for Its Resistance in Peanuts'

Ar-huei Tsai and Chung-chuan Yeh?

sSummary

Eight varieties of peanut (Arachis hypogaeal..), 4 virginia and 4 spanish types,
were planted in Penghu and Luenpei in 1983 to evaluate the relationships between
damage of pod by microorganisms andjor insects and aflatoxin contamination. A
higher percentage of contamination was observed in the samples from Penghu. Virgi-
nia types were more easily damaged than spanish typss in both locations. Damage of
pods enhenced aflatoxin contamination during storage. A bright greenish-yellow fluore-
scence was observed under 365 nm of UV light in a dark room in corn kernels coloni~
zed by aflatoxin-producing fungi Aspergillus parasiticus NRRL 2999 and isolates of
A. flavus obtained from peanut seeds. However, we failed to detect the presence of
fluorescence in peanut seeds under same conditions. Depending upon the percentage of
seeds colonized by A. flavus TARI 2903, 350 varieties and/or lines of peanuts were
screened for its resistance. The grading system consisted of four categories, i.e.
resistant(R), 15% or less; moderately resistant (MR), 16—30%; susceptible (S), 31—
50%; and highly susceptible (HS), more than 50 % of sceds were infected. Sixteen out
of the 350 varieties/lines were recorded resistant. They were GE 652, NC. 449, NC,
482, ICG. 3104, P. 1. 196621, P. 1. 196626, Basse (W. Africa), Maria-B, C. 116(R), F-7,
M395, RMP-12, C184, Sp. 218, Sp. 424 and Roxo (Sal.). The commercial cultivars Tai-
nan Selection 9, Tainan 10, Tainung 4, and Penghu 2 were all highly susceptible.

1. Contribution No. 1202 from Taiwan Agricultural Research Institute (TARI).
2. Assistant, and Associate Plant Pathologist, respectively, Department of Plant Pathology, TARI,
Wufeng, Taichung 431, Taiwan, Republic of China.
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PER S ERRE S FARE

BE | —MESNER B BREERE - B8 - SRS INER 2 WS R —R N HE
s BIERFERE > BHEREZFERERE > WEHEPHAY LERCRERY » RTEER
%  Chenopodium amaranticolor 1 C. quinca, o7 ERMEWESEHZ Nicotiana
benthamiana THFLZ T REL(Gomphrena globosa)is A FERH: o FE ALV L2 i FLIE
B104~1075 WA FEER 9 ~11 K » AE IR RHE 0Bk 55~60°C 2 60~65°C o
HETEMEHEZRESRNTFHREER 740om > B potyvirus EfiTs c BEEEIDER
B 2 M B R EURE (zucchini yellow mosaic virus, ZYMV)JifiiE » FIA ELISA
HRE 9 ERTED R E B T S E R B (Absorbance Aygs) SR 0.743 > MifEeHME
0.170 o 5l SDS-Immunodiffusion test » FEHAB FRFEHE Rz ZYMV Sum S E R R
it » B8 ZYMV-Florida SURFIVAILRISTAR S » EHARERERREAFIZ ZYMY
HRRAMEEEFBRR c ZYMV ZHMFEE WMV-1 & PRV FIRAIERE « {78 BB &
3 ARBARIHEZ IYMV TESHAZNE -

EHEBLERSTZHE » FRE® B 1969FEFRANNZMERILHRURS (water-
‘melon mosaic virus, WMV) o 1981 fF28 G P (Rl i f B R M A B TR IR EUR TS FT AR B
WMV-1 o st » #IIREDHE (cucumber mosaic virus, CMV) ZRA[7EERERREEY LEH
W9 o T F BB O HRERE S RN IR AR S (cucumber green mottle mosaic
virus, CGMMV) o FER%E {6 N LB SRS  RETERERMFRR  ZRCER
WMV-1 & WMV-2, Rz 4 BHLESURE (loofah mosaic virus, LoMV) o #&&LL
LA AAARIVE R
FEN (SBERE/N) EEssi (zucchini yellow mosaic virus, ZYMV) B3TFERE
TE LB FRE Y o 83 Lisa £ YV #4E > ZYMV ZHFERERMUGHEL » £R WMV-1
BRWMV-2° HRIERE®, 2EH© RER D HEEN o Rpt—FRE NN LM 2GR Z 5
FHHE ZYMV {EHEHE » EARERRERE -

MHEEHE

— BEZEE - SEREES
HRZIRFE TN (virus isolates) ZZRIFE > BIET2E7 AR O AMAGEHEE R LA £

TR T4 B4 TR TTR R » K

% [
2. KRR A B ~ B R
3. Bl EAER D B It A -

B B -
TR LT o
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pH 7.0)EREBIE » ATEBEREMIN (zucchini squash » ETHHESERREHRATD > HIUH
=i > SEBIR 9 EARKRIE 2R SEE N RN Chenopodium amaranticolor B C. quinoa I s £k
WRERIREE » (SRR B > B NERIL » DIBHETE o 7 BER#RE No. 1 = No. 4
% No. 5 % No. 8> 7 HE7 AR 9 AREBRANES » No. 9 AIBHRAFRERE -

T REZEE

i.ﬁiﬁ_@ﬁﬂﬁ D EUEREREIN L 9 (EiRE S BRI R 6 Bl23 A B (RE—) - BE
SR HUBEEE I R R RE o S —BEH% » BEEDT EESREEEI 2R > AIRRE
BERFEERNEEY L DREEEERBRERS -

2. MEEAE  REEREBEIRE GRR2ERS No. 4 & No. 9) » A 10E&
(W]V) BBiEE®RO.1M, pH 7.00PERNE » RITRENERO.6AS ~ REAS -~ BEEE0.05
N2 NBEEEN » B 50°C, 55°C, 60°C, 65°C 5t 70°C ZzElBKind 10558 » R GHEI% »
BIHREEE o BT B D ARRE SRR ES1072 5, 107° 5 1075 107° B¢ 1075 » WHWMERE -
R RERNDNERFE R20°CERMAT » BFREMBL2mI » MHMRFE - L EMEBHUEEA
WtsE H 2 R B e A o

SETHENEGHE [ KRERBEIFEERERLE » UFIUE > 1~2 B 2% BHnR
(phosphotungstic acid, pH 7.0)3¢( » BLUNERHA BHFIBEE Formvarfg 2 #ifE(grid) E »
W e VR B FRUSHRIL B » DL JEM-100S FIETEBEESHRENNR o Lo EE No. 4 B » &
B EIB RSN T RE » RHTIHAE -

4.MiERIE : BEESHEGYE (Enzyme-linked Immunosorbent Assay, ELISA) Fi{# A
ZYMV HiEGREEFEESBRE D. Gonsalves HLATIREE Y -« REREONHBELBERES
PiBs B R Huang " FERYEST - ELISA {EthH Biotek Co. EL 307 BYtEEEBREENE
o fE# (Microplate) FFEFIILHFIGMEN » £ Cook/Dynatech AF M o BEREEIAR

(Agar-gel Immunodiffusion test) & Purcifull % %' 775 > ¥4y 15ml BEHEKR (£0.8
% Noble agar, 0.5% sodium dodecyl sulfate (SDS), 1% NaN; & 2% Bovﬁne serum) FIA
B9 NS BRBIF » BREE DIEFLRE T RZE—R » AESHEEZ6 R » BRER 0.7845
REPEEE0.5A % o HUE LB EEERIURIER 1ml/g RAKERKEMA 1ml/g 23 % SDS Ef&
%BIE > MARBEEARA o #R ZYMV ZHfiE hmzmEAF] V. Lisa ELREE HiuG HES
4096 ‘

= R

—  BEHHEUE

A FRES ER 2 FEREE R EREER - REREE » £—FIH 4 AAERSEK No.
2, No. 4, No. 7 % No. 9) 7ZE#fFAEHEZRERE » —REZ > HRIEREEREEMN T2
C. amaranticolor 1 C. quinoa> EfEIERE5 ~10K (RIEERENR) AlE £ REEERH (E 1
: F) ; BBHZTF HAL (Gomphrena globosa) :FIHEI IR EHSEIREE 5 % HARr (Cucurbitaceae)
#» FIL (Cucumis melo “Honey Dew’) BN (Cucumis sativus) 2 HEIEMIFEERE - IR
Fne SRR (E 1 2 A,B) » & N2 EEERTY REIEBE 5 7258 I (Cucurbita pepo “Zucchini’)
J:Zﬁf%ﬁ%ﬁi s BRI » FFEE R S BB BEIR¥AL (vein-chlorosis) (1 :-
C) » BEREREEBERL ~ B - ERERBURHRE (B 1 D) ; #BAKK Luffa
acutangula) LRFZFEBEREL » A5 FEME (No. 2 % No. 7) ZEZME LMEFEERRNZ
EFHBRAHNER (B1 : BE) ;5 WREEMHL (Luffa cylindrica) 1-FEHERE > ZRA
W — BTN R B Y, » 4% No. 4 5rHitk7ZE Pisum sativum ‘Taichung No. 11’ AIERHFEZ
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Table 1. Host reactions of zucchini yellow mosaic virus

Symptoms of ZYMV isolates®

Test plants No. 2 No. 4 No. 7 No. 9
IL SL IL SL IL SL IL SL
Amaranthaceae
Gomphrena globosa nil 0 nll 0 nll 0 nll 0
Celosia cristata 0 0 0 0 0 0 0 ¢
Caricaceae
Carica papaya 0 0 0 0 0 0 0 0
Chenopodiaceae
Chenopodium amaranticolor nll 0 nll 0 nll 0 nli 0
Chenopodium quinoa cll 0 cll 0 cll 0 cll 0
Cucurbitaceae
Citrullus vulgaris sl mo sl mo sl mo sl mo
Cucumis melo
‘Honey Dew’ nll sm nll sm nll sm nll sm
Cucumis sativus sl sm sl sm sl sm sl m
Cucurbita pepo sl n-v-c¢ sl sm sl sm sl n-v-c¢
‘Zucchini’ sm, d d d sm, d
Luffa acutangula ics ics ics sl ics ics ics sl
Luffa cylindrica sl sm, r sl sm, r sl sm, r sl sm, T
Leguminosae
Glycine max 0 0 0 0 0 0 0 0
Phaseolus vulgaris
‘Black Turtle’ 0 0 0 0 0 0 0 0
‘Black Turtle Soup’ 0 0 0 0 0 0 0
‘Bountiful’ sl 0 sl 0 sl 0 sl 0
‘Sanilac’ sl 0 sl 0 sl 0 sl 0
Pisum sativum
‘Alaska’ s 0 sl 0 sl sl sl 0
“Taichung No. 11’ 0 0 sl sl 0 0 sl 0
Vigna angularis 0 0 0 0 0 0 0 0
Vigna unguiculaia 0 0 0 0 sl 0 sl Q
Solanaceae
Datura stramonium 0 0 0 0 0 0 0
Lycopersicum escuientum 0 0 0 0 0 0 Y 0
Nicotiana benthamiana sl 0 sl 0 sl 0 sl 0
a : Expanation of symbols : . .
IL" : inoculated leaves m : mosaic
SL  : systemic leaves mo : mottle )
0 : no infection n-v-c . net-vein-chlorosis
c/nll : chlorotic/necrotic local lesion r . rugose
d : deformation sl : symptomless

ics ! irregular chlorotic spot sm : severe mosaic
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1 ZENERIREZR&
(A) HRBEAREZ HIURERKE
(B) BEREEZ MR
(C) BEVHZEENR
(D) EREEZEER
(E) BAHK
(°F) fI#

Fig. 1. Symptoms of zucchini yellow mosaic virus on
(A) leaves and fruit of Cucumis sativus collected from field.
(B) inoculated seedling of C. sativus
(C) inoculated zucchini squash seedling at early stage
(D) inoculated zucchini squash seedling at late stage
(E) irregular chlorotic spots on Luffa acutangula

(F) local lesions on Chenopodium amaranticolor
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BRRY: o Hifls 2 Nicotiana benthamiana J5EREMEEREL o HAHFBHAT Bk -
ToREEETRPZHELEE ; ,

FERE EE (No. 4 & No. 9) #WEREE TR » HREBENS10~10"%; HEHFE
B9~11FK; REMSBIEERMAERZE » No. 4 #5 55-60°C » i No. 9 RIF 60-65°C o
= BFENEsRE

DIALEEE 9 BRETEE » CETEMRSTHEEREOBRMK (E3) » REXHIE
700-800nm ;28 o L5 EERE No. 4 Bk » JIE108(EHBHTRE » 95 T40nm -
M~ miFKE

B3 — k5 2B » AU ELISA » 602K % 9 ERE S Bk 2 PR AR AR D. Gonsalves
LR B MR LR R B 2 FRE B RIE o % Coating 1gG (B'w=1.4, IgG=1
mg/mDFES 2.54g/ml, Conjugated 1gG F400{ZFE» x No. 2 -~ ELISAfE(Absorbance Ayys)
ﬁOJB%,ﬁ%Z%%ﬁ%Wﬁﬁkml°%%Cmmmlﬂ}ﬁﬁﬁlﬁmymLCmmymd
1gG £5600f% » Bl No. 2 ZWIKfEES 0.562 » {2 HKZTALER 0.179 » HEM AR MPRAZFE
SRR ZYMV s SBERME » (15 WMV-1 RARNRAHE (Papaya ring-spot virus,
PRV) R -

R BRSO RENEERNELREURE « RRBREREIRERE— 1 28R

Table 2. Detection of zucchini yellow mosaic virus (ZYMYV), papaya ring-spot virus (PRV)
and watermelon mosaic virus (WMV-1) by ELISA®

Absorbance Ayps
Antigens? Coating IgG at 2.5ug/ml and Coating IgG at 1.67ug/ml and
conjugated IgG at 1/400 conjugated IgG at 1/600

ZYMYV isolates

1 1.244 1132

2 0.743 0.562

3 1.451 0.987

4 1.609 1.239

5 > 20 1.819

6 1.080 0.806

1 > 20 1.839

8 1,448 1.060

9 1737 1271
PRV 0.160 0.156
WMV-1 0.174 0.179
Healthy control 0.170 0.179

@' ZYMV antiserum obtained from Dr. D. Gonsalves, Cornell University.
b : Antigens were prepared from fresh infected zucchini leaves in 0.1M phospate buffer, pH 7.0, at

1: 40 ratio (w/v). Healthy control from healthy zucchini leaves.
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B2~ TR ZYMV S8z mif R ER% (24, 2B, 2C) » A BZYM Vi » A EREX :
1~ ORBAKITERZ 9 MZYMV5EEl: » 108MHMZYMV Sk (HIEEREEFRE)
» IIBEWMV—I1, 128PRV, 13621 -

3~ BRERERESFBAENT (58HNo. 4) » $5300nm.

Fig. 2. Serological reactions of ZYMYV isolates (2A, 2B and 2C) . The center wells
contain antiserum to ZYMV-Italy (kindly supplied by Dr. V. Lisa) . The
peripheral wells contain SDS-treated extracts from zucchini leaves infected
with : ZYMYV isolates Nos. 1-9 from Taiwan ; 10=ZYMV-Florida isolate

> 11=WMV-1; 12=PRV ; 13=healthy zucchini squash leaves.
Fig. 3. Virus particles of a Taiwan isolate (No. 4) of ZYMV. Bar indicates 300nm o
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FI S isdEEd: (SDS-Immunodiffusion test) » ¥ 9 S5 B SDS BRI 2w H W
V. Lisa KATREE ZYMV ZHifis RIE » #RGESVIBELEE (precipitin bands) (& 2 :
A, B, ©) °ZYMV Z#imiisl ZYMV-Florida $ERZHICH » BRASLBREEE LR
£ o IERRBE AL BER ZYMV-Italy, ZYMV-Florida 7 [ % £ 6 - WMV-1 & PRV
ZHURE ZYMV HiSBlminsieEs (&2 1A, B) o

AEBEFRNBEREZARAETS - CREZRBEEOIEE R »Y > BIREUHE
B2RBEEVESME  (HRERBEIVERE 25 055 BEAME 00 AR R ILER S Hb
REHE - MLAMETELIRBREE Y - RRWNRRERERY » A REREAR ISR
FHEE - :

AP 5 R B TR 5 $83 9 A5 BB BB TEME TR SR T A &M

s FIGRER T40nm » BILHEMF R FIES Potato virus Y o

ooy £ RIEVEZ BT » ATFEHAR SRR AR S AT & A TFMAR 209 c BEK® R
FRY ZHE  EIREUR S v RS R R » (RERRT R AR o RICE © fT
e 2 A T R B T AR BB » (BT M B 2 AR ~ IR R AL - ENA BRI
BZiR%E » TEWERASEREY o KRUEEREY P2 Chenopodium  amaranticolor  J
C. quinoa > RTiFt 2T HAL(Gomphrena globosa) Fef: REBIEREBE 5 TRI 2 HLbifyy Rk
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Identification of a Zucchini Yellow Mesaic

Virus from Cucumis sativus'
by

S. H. Hsew?, H. L. Wang® and C. H. Huang®

Summary

A virus causing severe mosaic, chlorotic, rugose or leaf cupping symptoms on
leaves of Cucumis sativus was obtained. Nine isolates of this virus showed no differences
in host reactions and serological tests. The virus induced chlorotic Iccal lesions in Cheno-
podium amaranticolor, C. guinoa and Gomphrena globosa. 1t produced mosaic symptoms
in Cucumis melo ‘Honey Dew’, C. sativus and Luf fa cylindrica. Zucchini squash infected
with this virus showed prominent vein—chlorosis followed by severe mosaic, vein-banding,
leaf-distortion and shoe-string symptoms. L. acutangula was also infected systemically.
The virus could be recovered by back-inoculation from symptomless leaves of
Phaseolus vulgaris ‘Bountiful’, P. vulgaris ‘Sanilac’, Pisum sativum ‘Taichung No. 11,
P, sativum ‘Alaska’, and Nicetiana benthamiana. Tests for physical properties showed a
DEP of 107¢~1075, LIV of 9-11 days and TIP of 55-65°C for the virus. In leaf-dip
preparations of infected zucchini leaves the virus particles were seen to be filamentous
with modal length of ca.740 nm. All 9 virus isolates in infected leaf extracts were tested
against an antiserum to ZYMYV obtained from New York (kindly provided to us by Dr.
D. Gonsalves, Cornell University), the ELISA values Ay s ranged from 0.743 to 2 or
more as compared to 0.170 for the healthy control. In SDS-Immunodiffusion tests, the
virus formed strong precipitin bands against antiserum to ZYMV-Italy (kindly provided
by Dr. V. Lisa, Italy). In addition, antigens of our virus and ZYMV-Florida reacted
with this antiserum by forming a fused precipitin band without spur formation. There
were no reaction bands between ZYMYV antiserum and WMV-1 or PRV. Based on host
reactions, particle morphology, physical properties and serological relationships, we
conclude that the virus is identical or closely related to zucchini yellow mosaic virus

(ZYMV).
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2. Assistant and Plant Pathologist, respectively, Department of Plant Pathology, Taiwan Agricultural
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Insecticide Resistance Study in' Plutella xylostella (L.)

V1. An Experimental Analysis of Organophosphorus and Synthetic

Pyrethroid Resistances'

Edward Y. Cheng, Tou-mei Chou and Ching-hua Kao?

Abstract

The organophosphorus and synthetic pyrethroid resistances in diamondback moth,
Plutella xylostella (L.), were compared in two groups of resistant strains. The first
group consisted of seven field strains which carried mixed origins of resistance ; the
second group were six laboratory-bred strains specially selected by designated insecticides .
so that the insects with known origins of resistance. The resistance and cross resistance
characters of laboratory-bred strains are used in analyzing and explaining the test
results of field strains.
The resistance inducing ability and the cross resistance relationship of organophos—
phorus and synthetic pyrethroids were the main target -ofthis investigation. Variable
_Tesponses in diamondback moth were obtained for different insecticides. There are fast
inducers for resistance as profenofos and fenvalerate; compounds induced resistance -
slowly as mevinphos, prothiofos, permethrin and cypermethrin. Stability of the resistance
was also noticed as both mevinphos and prothiofos induced unstable resistance. Ge-
- nerally, the results of laboratory simulation in regard of organophosphorus were similar
to what were actually happened in field strains;on the other hand, the laboratory-bred
synthetic pyrethroid resistant strains failed to attain the high resistant level of those
field strains.
In cross resistance tests, the orgénophosphorus insecticides caused significant cross
effect on many other organophesphorus compounds with few exceptions. The cross re—
sistance among synthetic pyrethroids were rather common except the diamondback moth .
" respended much stronger to fenvalerate and decamethrin than permethrin and cyperme-
thrin. The, resistance crcssed over from organophosphorus to synthetic pyrethroids was _
evident in our laboratory-bred strains while the synthetic pyrethroid resistance crossed to .
organophosphorus was rather minor and selective. From the evidence of cross resistance, i
the high synthetic pyrethroid resistance of field diamondback moth may result from
the combined effects of many insecticides.

In a cross examimation of permethrin- and cypermethrin-resistant strains for the

1. Centributicn No. 1204 {from Taiwan Agricultural Research Institute. The study is supported by
NEC research grant 73-0409-B055-05.

2. Senicr entomologist, project assistant and research assistant respectively, Department of Applied
Zoology, TARI, Wufeng, Taichung, Taiwan 431, Republic of China.
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possible role of extra alpha-cyano group on some synthetic pyrethroids, the result
indicated the diamondback moth responded similarly to both compounds in resistance

as the presence of cyano group will not discriminate the resistance mechanism.

Introduction

In Taiwan, the organophosphorus and synthetic pyrethroids are the most-used insec-
ticides for the control of diamondback moth, Plutella zxylostella‘™ , and most of .the. field
p"opﬁlatioﬂs of this pest have deﬁzeloped resistance »%% . The resistance problem not only
inteﬁsified the spraying schedule but also rendered vegetable farmers constgmtly searéh—’
ing for a better insecticide. Taiwan Agricultural Research Institute had initiated a‘

program in this matter which included both the survey and the research in hope to un-
derstand the causes and work out proper solutions.
The survey conducted in 1980 indicated that the west coast DBM populations on this

island were proned to resistance ?. Only in I-lan area, a northeastern county, still har-
bored a susceptible strain. The I-lan strain was subsequently cultured in TARI as the
native susceptible strain for the resistance investigation. _

By. using the I-lan strain as the parents, strains resistant to different insecticides
were obtained. This laboratory simulation study would reveal the resistance induction
ability of a tested insecticide and allowed the researchers to examine cross resistance
characters of different strains. The test results on organcphosphorus compounds and
synthetic pyrethroids are reported here.

Materials and methods

Insecticides :

All insecticides used were commercially formulated products. Insecticides used for
the resistance induction were pr’bfenofos, prothiofos, mevinphcs, permethrin, cypermeth-
rin and fenvalerate. Other insecticides included in both the susceptibility and cross re-
sistance tests were prophos, cyanophenphos, methidathion, mephosfolan, phenthoate, dieth-
quinalphion, decamethrin, flucythrinate, cartap and carbofuran. Insecticides were diluted
in distilled water to proper concentrations and sprayed through the Burkard Potter spray
tower.

Insecl materials :

gusceptible strains : Two DBM samples were collected from the same I-lan area, where
harbors a susceptible population, except the collecting dates were three years apart.

- Field resistant strains: Seven DBM samples were collected in 1984 from Chia-li, .
Feng-shan, Hua-lien, Lu-chu, Ma-tou, Ping-tung and Ta-hu. Those were the areas with
known resistance problems. )

Laboratory-bred resistant strains : Six resistant strains were separately selected by
profenofos, prothiofos, mevinphos, permethrin, cypermethrin and fenvalerate for more
than 10 generations. Usually, one thousand third instar larvae were treated with the
selected insecticide at the dosage of LC;; and the survivors were subsequently
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collected for propagating the next generation. A new LC;; was re-determined for
each generation on 100-200 early emerged larvae before the actual press.
Testing precedures :

The susceptibility test for resistance and cross resistance was carried out on every
DBM strains. Seven dosages of an insecticide within the range of LC,, and LCy; were
made in distilled water and each dosage was tested on forty to sixty third instar larvae.
Results of all tests were analyzed in probits.

Newly obtained LCs, of various insecticides of a resistant strain were compared to
that of the susceptible I-lan (’80) strain to detect the occurrence and extent of resistance
and cross resistance.

The testing method is the same as the usual spraying method adapted in this labo-
ratory ', The mortality of treated insects was counted 24 hours after the spray; the
post treatment holding temperature and relative humidity were controlled at 25+1°C
and 85+10% respectively.

Results

The ability of diamondback moth in developing resistance toward insecticides has
been reported before 4+ and is demonstrated again in this study. The results of resistance
induction study were summarized in Table 1. A minimum of ten or more generations

Table 1. The characters of strains specially selected by different insecticides from a native

susceptible DBM strain*

No. of . Resulted LCrs (PPM)
Insecticides

,‘ generations resistance original after press
Profenofos (OP) 12 3 31.60x 230 7,290
Prothiofos (OP) 14 4.56x 560 2,555
Mevinphos (OP) 20 8.00x 180 1,440
Permethrin (Syn. pyr.) 11 6.30x 28 176
Cypermethrin (Syn. pyr.) 11 4.70x 53 249
Fenvalerate (Syn. pyr.) 12 14.34x 23 330

*The susceptible I—la}l (’80) strain

of selection by insecticides was proceeded before we determining the final characters of
resulted resistant strains. The DBM responded to insecticides differently as the magni-
tude of resistance varied. Profenofos and fenvalerate received the strongest response in
organophosphorus and synthetic pyrethroids respectively. -More gentle responses were
observed for prothiofos, mevinphos, permethrin and cypermethrin, and the resistance ratios
ranged from five to ten. During the selecting processes, we also noticed that both pro-
thiofos and mevinphos induced unstable resistances which fluctuated constantly and made
the selection difficult. In Table 2, susceptibilities of both field resistant and susceptible
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Table 2. Regional variation of DBM susceptibilities to various insecticides in Taiwan

(LCs, in ppm) .

|
Ins(e;;i;liges* <%o ) (%3 )l ELDPT L oMT | cL TH LC | Fsw
| S |
Mevinphos 70 | 100 500 320 l 360 280 300 2170 420
Profenofos [ 100 120 1,010 380 960 860 | 1,200 1,450 680
Prophos 170 320 810 1,130 1,300 420 830 850 3,040
Cyanophenphos 190 100 710 1,320 1,160 1,430 2,600 | 1,670 3,360
|
|
Methidathion 270 560 1,030 1,010 1,380 790 990 : 1,300 640
Prothiofos 310 420 | 2,010 2,830 2,530 1,500 2,530 ‘l 3,120 1,250
Mephosfolan 360 370 790 1,070 1,920 940 1,310 * 1,270 1,570
Phenthoate 670 280 630 710 1,920 890 960 1 4,200 1,520
Diethquinalphion 230 440 — — f‘ — — 8,140 I 9,010 —
Decamethrin 4 12 130 50 290 160 210 340 600
Fenvalerate 9 41 430 90 820 510 1,280 830 780
Permethrin 14 16 220 50 220 140 440 530 740
Cypermethrin 19 41 220 100 260 150 2170 250 370
Cartap 290 660 860 900 920 830 1,150 510 480
Carbofuran 120 150 680 320 640 1 690 720 1,410 1,020

*profenofos: selecron; prophos: mocap; cyanophenphos: surecide; methidathion: supracide; prothio—-

fos:tokuthion; mephosfolan: cytrolane; phenthoate:elsan; diethquinalphion:bayrusil.

#*]], : I-lan, HL : Hua-lian, PT : Ping-tung, MT : Ma-tou, CL : Chia-li, TH : Ta-hu, LC: Lu-chu,

FS : Feng-shan. The resistant populaticn were sampled in 1983-84.

DBM in regard to fifteen commonly used insecticides were reported. The results con-
firmed that I-lan area still harbored the same susceptible population after a period of
three years from 1980, although signs of synthetic pyrethroid resistance appeared. In
contrast, all seven samples from west coast showed distinct resistances as their insensiti-
vities to almost all tested insecticides. The information was further converted into re-
sistant ratios in Table 3. On the aspect of magnitude, the resistance problem of synthetic
pyrethroid is definitely greater than that of organophosphorus insecticide.

The cross resistance of both laboratory-bred and field-collected resistant DBM
strains were compared in Table 4 and 5. Profenofos and prothiofos were succeeded in
transforming the susceptible strain into the resistant strains, which were strongly resemble
to the organophosphorus resistance of west coast strains. On the contrary, mevinphos
failed of doing the same and demonstrated that it is not a strong resistance inducer.
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Table 3. Regional variation of DBM resistances* to various insecticides in Taiwan
(in resistance ratios)
Insecticides (}]8“0) (%3) HL | PT | MT cL | TH LC } Fows
|

- S I ! :
Mevinphos 1.0 1.4 6.9 44 49 38 4.1 37 | 5.7
Profenofos 1.0 1.2 101 5.8 9.6 8.6 12.0 14.3 6.8
Prophos 1.0 1.9 4.7 6.7 7.6 2.4 49 5.0 179
Cyanophenphos 1.0 Q.5 41 6.9 6.1 7.5 13.7 8.3 177
Methidathion 1.0 2.1 6.9 4.3 49 3.8 4.1 3.7 2.4
Prothiofos 1.0 1.3 6.5 a1 8.2 48 8.2 101 4.0
Mephosfolan 1.0 1.0 2.2 3.0 5.3 2.6 3.6 3.5 4.3
Phenthoate 1.0 0.4 0.9 1.1 29 13 1.4 6.1 2.3
Diethquinalphion 1.0 19 — —_ — — 35.4 39.2 \ —

1
Decamethrin 1.0 3.2 35.5 14.5 80.1 45.6 73.8 93.5 165.6
Fenvalerate 1.0 4.9 52.1 10.9 99.2 61.5 152.0 99.6 93.9
Permethrin 1.0 11 15.9 3.8 15.5 10.1 3L1 318 52.8
Cypermethrin 1.0 2.2 11.8 5.0 13.9 8.1 14.4 13.3 194
Cartap 1.0 2.3 3.0 3.1 3.2 29 | 4.0 1.8 1.7
‘Carbofuran 1.0 0.6 5.6 6.9 5.3 5.7 \ 59 117 B 8.5

|

*relative to susceptible strain-IL (’80)

#*]L : I-lan, HL : Hua-lien, PT : Ping-tung, MT : Ma-tou, CL : Chia-li TH : Ta-hu, LC : Lu-chu,
FS : Feng-shan.

Table 4. The :usceptibilities of different diamondback moth strains to various organophos—

phorus compounds (LCs, in ppm)

OP-pressed strains

Syn. Pyr.-pressed strains

Prof.

Insecticides Susceptible 7 wild
strains strains

Mevinphos 70-100 270- 300
~ Diethquinalphion 230-440 8,140-9,010
Cyanophenphos 100-190 770-3,360
Phenthoate 280-670 630-4,200
Prophos 170-320 420-3,040
Methidathion 270-560 640-1,330
Mephosfolan 360-370 790-1,920
Profenofos 100-120 580-1,450
Prothiofos 310-420 1,250-3,120

334
8,021
3,825
2,140
1,182

600
1,313
3,330
1,124

! Cyp.

Prot. Mev. Fev. Per.
T |
326 400 | 459 276 253
11,366 1,290 254 694 —
2,200 686 551  1,881 —
337 500 | 1,574 416 —
763 826 537 354 -
425 — 89 1,044 | 980
1,560 608 395 432 -
1,938 444 225 753 957
1,130 643 745 | 1337 | —
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Although the cross resistance among organophosphorus insecticides are common and
closely related, there are some exceptions. For examples, the prothiofos-resistance was
crossed to phenthoate and methidathion; the profenofos-resistance was not crossed to
methidathion.

Three synthetic pyrethroid selected strains also became less sensitive to organophos-
phorus compounds. The presence of cross resistance is evident except the extent is not
comparable to that of profenofos and prothiofos.

For similar numbers of pressed generations, the selection failed to raise the synthetic
pyrethroid resistance to the degree that was observed in the field strains and louger
selection may be necessary to attain higher resistance. We did not ignore the
possibility of cross resistance from certain organophosphorus insecticides, since high
synthetic pyrethroid resistance has been confirmed in bhoth prothiofos- and profenofos-
resistant DBM in this study (Table 5).

Table 5. The susceptibilities of different diamondback moth strains to five synthetic
pyrethroids (LCsp, in ppm)

Strains | Permethrin [Cypermethrin |- Fenvalerate | Decamethrin | Flucythrinate
| .

Susceptible strains ' 14-16 ‘( 19-41 9-41 4-12 29-41

7 wild strains 50-740 t 100-370 90-1,260 | 50-600 100—8001
Permethrin-resistant strain 101 t 133 240 52 104
Cypermethrin-resistant strain 71 \ 160 340 81 115
Fenvalerate-resistant strain | 60 ‘J\ 115 136 49 —
Profenofos-resistant strain no 89 90 51 -
Prothiofos-resistant strain 327 ' 156 67 88 —
Mevinphos-resistant strain 38 15 13 —

The cross examination between permethrin and cypermethrin in resistant strains
was aimed to explore the possible action of alpha-cyano group of some synthetic pyreth—
_roids. The test result in Table 6 indicated that this functional group makes no differ-
énce in the DBM resistance.

Table 6. The cross test of two synthetic pyrethroid-resistant DBM strains to permethrin

and cypermethrin*

Strains Penrnethrin—Lcso (R. R, *¥) Cypermethrin-LCsp (’R. R.)
I-lan o ) ) 14 ppm (1.0x) } 19 ppm (1.0x)
: !
Pérmethrin;selected 101 ppm (7.2x) ]‘ 138 ppm ('ZSX)"
Cypgrmethrin—selected 77 ppm (5.5x) 160 ppm (8.4x)
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Discussion

The resistance responses of DBM in the organophosphorus insecticides selection
study matched closely with what were observed in the field resistant strains. The
laboratory-selected organophosphorus resistant DBM also developed cross resistance to most
of other organophosphorus compounds. For instance, profenofos-selected strain became
resistant to diethquinalphion, cyanophenphos and phenthoate; prothiofos-selected strain was
cross resistant to diethquinalphion, cyanophenphos and mephosfolan.

Comparatively, the most-used mevinphos was a compound with the least effect in
inducing both resistance and cross resistance as had been reported earlier ‘. In general,
DBM was not able to generate high resistance toward mevinphos either in field or in
laboratory. The fact was further confirmead in profenofos- and prothiofos-selected strains,
which were not seriously cross resistant to mevinphos despite their high cross resistance
to several other organophosphorus insecticides.

After selected by organophosphorus insecticides, the I-lan strain behaved exactly the
same as the west coast strains in its resistance characteristics, which points out that the I-lan
strain is not’ physiologically different from the DBM of west coast. It also becomes clear
that some organophosphorus compounds will not induce cross resistance to other organo-
phosphorus compounds and this kind of information is very useful in planning the insecti-
cide alternation for the control of DBM.

In the aspect of synthetic pyrethroid resistance, we have found that the result of
laboratory simulation was not quite similar to what was happened in the field. The re-
sistance of three laboratory-bred strains could not attain the high resistance level of field
strains. Since some organophosphorus insscticides could result cross resistance in syn-
thetic pyrethroids, it is possible that the high resistance found in field was a combined
effect of many insecticides.

In field survey, the DBM were frequently more resistant to fenvalerate and deca-
methrin than to permethrin and cypermethrin ‘4® . Similar tendency was confirmed in the
laboratory as fenvalerate had a very high resistance induction effect, while permethrin
and cypermethrin only had moderate resistance induction rates. This fact makes the
positive identification of a synthetic pyrethroid resistant strain easier, since the susceptible
DBM is more sensitive to decamethrin and fenvalerate than permethrin and cypermeth-
rin. Whenever this relation is reversed in a particular DBM strain will be a good indi-
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cation of the presence of synthetic pyrethroid resistance. In the cross examination of
permethrin- and cypermethrin-selected strains by permethrin and cypermethrin, the
results showed that the responses of both strains were similar and the extra alpha-cyano
group on cypermethrin molecule did not cause different resistance. Hence, we believe
that this side group is not involved in the resistance mechanism of DBM.
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Fig 1. Seasonal occurrence of the shoot insects on Guava
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s BERTHEA B MERE WS WES - BRI o AENT RS BERREISRHERAR L -
AT E » — BRA: > SR » REH LG o

2. FRWMENE | KBRBEAE LEETR » iR RERE  FPERERNANE —9
ARII—I128 [ » (SIAI7E 1 — 6 HTH o i Fr BRIl » MATERW » 0 WEEE » 5IENR » 2
BRI R R

SUNGHESE  ABBERE  KNEREERRRHRARS > T 103 REEN - BERE

KRR » 128 FXE 4 ABEEY < mEkSRBaFREE ) —RERRER  PEBERE
s DURIWE 0 28 R ATV M5 WEEE RS TR 0 BRE ARG W BN B o

4GSR BT > 8 AWES R AGHTBERARE  HEEEEREIES -5 1 >
EIITZE 9 —107 o Hehauk ik O ESREEBEER — IR - MMFRRE BRI » Rz &R
BEBELEES -

BriAEE

1 RSB AR« ARBRNIZA TRET » ERMIT R AR » % IRTREREE 20 i - R —hT
7o 30 H BRI R IR » HeP MBI MM Lannate 90% WP f{E > B 60H
AR B R 2 ER -

=— FHRWREYRRE (REL2A-T3F2H)
Table 1. Experiment for the control of cotton aphid on Guava (Dec. 1983—Feb. 1984)

[ .
% of leaves infested (®

Treatment |

j 15 DAT ® 30 DAT 45 DAT | 60 DAT
1. Lannate 90% W. P. 23 Db 74 a 163 b 553 b
1: 3,000
2. Pruning 74 b 12.3 a 265b 50.8 b
3. Pruning-+Lannate 90% W. 1 02 a 31la 6.5 a 20.2 a
P. 1:3,000
4, Check . 352 ¢ 428 b 50 ¢ 60.7 b

\

a) Means followed by the same letter are not significantly different at the 5% level according .0

Duncan’s multiple range test.
b) DAT : Days after treatment

2. ELWANBH AT  ARBRAEEHELBARRZHIRECR » MERTIUN 0 ESHRE
W > (UERE IR (R 2 £ R 5 % 60 H AR » RIEITHKMEM Lannate 90% WP pg3st » 3t
fil g T SR B T $ A

£R= BARBANTGEAR (12F12A—T342 )
Table 2. Experiment for the control of white fly on Guava (Dec. 1983—Feb. 1984)

No of white flies/60 shoots
Treatment — \ ‘

45 DAT 60 DAT

| 15 DAT 30 DAT
[
1. Lannate 90% W. P. ‘ 22.1 a ’ 528 a 79.2 b 63.4 b
1: 3,000
2. Pruning 324 a 64.3 a 788 b 80.2 ¢
3. Prunmg—!—Lannate 90% W. 146 a 272 a 385 a 434 a
P.1:30
4. Check 1784 b 215.7 b 128 ¢ 92.2 ¢
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3 NGIEIBBE R NSRS E) R - A IR AR » MASFTT » $30 H BN » Ry
BB ER o (S ERERE T o 450 AR » 3R H R TR
RSB 2057 R VR BT ~ B8 > AR EWE -
 LEABERIIENE | ARRENIEREEN A EEEES » R ABIERY BT
% o HEEBERGERE S AE R - TH6 R AN » 4RI ERREEEER  RE AR
BRI ETES R AR -

R EHREDEEEHRAR (124612813482 3)
Table 3. Experiment for the control of green leaf-hopper on Guava (Dec. 1983—Feb. 1984)

No of leaf-hoppers/60 shoots
Treatmént | ;
15 DAT 1 30 DAT [ 45 DAT ; 60 DAT
I -
1. Lannate 909 W. P. 1: 3,000 12 a 38 a ‘ 9.2 a 13.7
2. Pruning 08 a Ca3a | 134 b 145
3. Pruning+Lannate 90% W. | 04 a ‘ " 5la | 148 b 16.8
P. 1:3,000 |
4, Check 242 b | 189 b ] 183 b 14.5
RM EEIEEARERIIARE (12128 —135%2 1)
Table 4. Experiment for the control of leaf-roller on Guava (Dec. 1983—Feb. 1984)
No of leaf-rollers/60 shoots
Treatment
15 DAT 30 DAT 45 DAT 60 DA
1. Lannate 90% W. P. 1 : 3,000 3.24 b 625b | 6.46 3.06
2. Pruning 071 a 212 a 4,32 4.12
3. Pruning+ Lannate 909 W. 0.18 a 1.06 a 5.73 5.15
- P.1:3000
4, Check ‘ 742 ¢ 833 ¢ 5.20 4.45

B EME TSNS ARG SRR R B TEARAZI » DN SRR R
s T MESEIR R E IR & » 0V R R » MBS B IR T 71T 102K « BRIt
ERRSIEEBTE  ARTRERRAERTT  SEAEY > BREREFRELEERESS
AL (BT LA A 252 HEPR » TS SUARIABA 4 F 00 » 0 EL VT RAETRA » TR MBI 8 » ARG
BB A -

5l B X B

LERY - 1984 - HELBRETH - SEEBSBRERD o p: 1~20

2.BHRE - 1981 - EEEGERALTRE o hERS 2140570

3.MUFEH - 1980 - FIES o FEAKEMAT o p: 93940

4.2 - 1965 - EIE R LA o BEE IRHTIE MBS o MW BIETTHE 5 o

5.——« 1984 « ZEBAEAEY » B0AE BUR BHEEIRED p o 111TH -

6.—— . 19680 - BT o« WGk o p: 7050

T 1982 - SHER BTN A o HER ERBHE p: 420

8. B. H. WILSON. 1973. Species and Seasonal occurrence of leafhoppers and planthoppers in a coastal
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bermudagrass pasture in the macon ridge area of Lacisiana. Jour. Econ. Ent. 66 (6):

1346-1347.
9. H. F. MADSEN. 1969, Integrated control of the fruit-tree leaf roller and the white apple leafhop-

per in British Columbia. Jour. Econ. Ent. 62(6): 1351-1333.

Seasonal Occurrence of the Sheot Insects and
Their Control on Guava *

Hung-chich Wen and Hsi-shan Lee?

Summary

Four major shoots insects on guava were investigated from 1983 to 1984 in
southern Taiwan. (1) cotton aphid, Aphis gosssypii Glover, occurred all year round on
guava orchard and its population density peaked between DEC. and next MAR.,
lowered from JUL. to OCT.. (2) white fly, Aleurotuberculatus psidii Singh, had two
peaks one year, one was from AUG. to SEP., another from NOV. to DEC. and lowe-
red from JAN. to JUN. (3) gresn leaf hopper, Empoascab oninensis Matsumura, peaked
from JUL. to OCT. and lowered from DEC. to next ARP. and (4) leaf roller, Spilomota
rhothia Meyrich) peaked from MAR. to MAY. and lowered from JUL. to OCT.

Both pruning and spraying 90% Lannate WP showed the most effective in checking

the shoot insects on guava.

1. Contribution No. 1205 from the Taiwan Agricultural Research Institue.

2. Assistant Entomologist, Entomologist and Head, respectively, Division of the plant Protection,
Fengshan Tropical Horticultural Experiment Station. TARI, Fengshan City, Kaohsiung Hsein,
Taiwan 830. ROC
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Flax Holding up Cutting off Stem transport Threshing
M\
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Stem collection Stems to the ground
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Fig. 1. Flow diagram of harvesting flax with YS 1300 rice combine (Unmodified)
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Fig. 2. Flow diagram of harvesting flax with rice combine (modified)
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Studies on the Improvement of Rice Combine

to be Used for Harvesting Flax'

C.C. Yen and J. J. Cheng?

Summary

The objective of this study is to improve the locally made rice comcine and make
it to be able to harvest flax. This improved combine has been made possible to harvest
flax by merely modifying some parts or replacement of parts .of the machine. The
prototype testing machine used is Yeh-Hsing YS1300 rice combine, which is successfully
completed (without much changing the orginal structure of the machine.) in seven
modification steps: They are: 1. Harvesting head, stem dividing mechanism. 2. Transf-
ering guide rod being extened. 3. Threshing room, thresher and concave. 4. Vib-shaking
walker. 5. Seed mixture thrown-out mechanism. 6. Packing device (Including: collecting
pan, moving screen, auger and inclined belt slated elevator). 7. Stem collecting attachment
etc.

This completed combine has the flax harvesting capacity of more than 10 times that
of the labor.

The harvested mixture contains 60% linseed and they have to be separated with
other separating devices after drying.

1. Contribution No. 1206 from Taiwan Agricultural Research Institue. This study was {inancially
supported by council for Agricultural planning and Development, Executive Yuan, R. O. C.

2. Senior engireer and Research Assistant, Department of Agricultural Machinery, TARI, Wufeng,
Taichung, Taiwan 431, R, O, C.
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