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STUDIES ON DISEASE RESISTANCE, YIELDING
CAPACITY AND GRAIN QUALITY OF BLAST
RESISTANT MULTILINE AND COMPOSITE
VARIETIES OF RICE

by
S. M. Chiu and Y. C. Teng

Summary

The present study was aimed to compare the blast resistance, productivity and grain
quality between the multiline and composite varieties of rice. The performance of the
multiline and composite varieties was evaluated at the three heavy hlast infected locations
in Northern, Central and Southern part of Taiwan respectively. It was observed that
both multiline and composite varieties were more resistant to blast disease in comparison
with the ordinary varieties Tainan 5 and Chianan 8. The composite varieties generally
showed a higher resistance to blast than the multiline varieties.

Grain yield of the composite or multiline varieties was much higher than the control
varieties. In the first crop, variety M—8—1 gave 50% higher grain yield at Pinlin (Nor-
thern Taiwan) . Other composite or multiline varieties showed 7.3%—45% yield increase
as compared with the controls. At Paiho (Central Taiwan) where the disease epidemics
was very severe, the yield of composite and multiline varieties such as C—8—1, M—8—1
and M—8—2 were 2~3 fold higher than the controls. At Wanlan (Southern Taiwan) ,
except variety C—5—2, all other composite or multiline varieties showed an increase in
grain yield ranging from 4.8%~32.5%. In the second crop, no apparent yield increase
was observed due to no blast disease epidemics, with the exception of Pinling experimental
field.

It was found that grain qualities such as translucent, white center -and white belly
etc. were closely related with blast resistances; multiline or composite varieties had
better grain quality than the controls.
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Table 1. Responses of seedlings of certain newly developed resistant

varieties (selections) to the damage of brown planthopper
with high population density.
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@). & Healthy scedling (%)

®). #BE il insect/seedling

©. BESELEH Day accumulated insect/seedling

*OBBBAORIEEEEAL - Up to 20 days after infestation
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HERIT RS REABHAE GR) 2108 B » 50 1 REEREERAREUEE - 5
BE 10cm, T 5K o BIEHKISKGBMREIREA 604 3 ~ 4 lh2wRE 5 - LHBBKBRES
EoEMEREHABESNE GB) KELEEME  ERTXK -

PRI > RIE B B AT 20 B inEfs » BABRAMRER AR E®10E » 5 &
B ERBRFHAEAN (B BELZEFRYE  BEESRARL - ARERTIME2 -

BRI R E7E Mudgo SR 602104f8 1k EZ B EERE » —E&EHAMITANE (R
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Table 2. Host preference and servival of nymph of brown planthopper
on certain newly developed resistant varieties (selections)
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Table 3. Effect of infesting 30-day-old seedlings of certain newly
developed resistant varieties (selections) with 200 third-
fourth-instar brown planthopper.
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L. 602104 0.2 . 05 15 0 —
wEMNE 9 0.5 0.8 35 3 246
WOm A F 10 % 05 1 20 35 3 226
oM RN 11 B 05 s 2.0 1 240
B EF 12 8 0.3 0.6 2.0 1 56.0
IR 9—60 (R. CK) 06 20 45 3 248
Eerdidk 158 (S. CK) 3 50 — 5 12.4
@55 (S. CK) 3 \ 5.0 — 5 11.8

@. BEER; 0 MEERS -, S 151%’&?%&7& FREES o
(scale of damage ; 0 : No damaged completely killed)
(b No. plant killed.
¢. Days {rom infestation to plant killed
@. DAL 8% K- Days after infestation.
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Fig.1. Population development of brown planthopper on
resistant and susceptible varieties in a wirehouse

experiment, 2nd crop 1973.
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Fig. 2. Change in density of field population of brown plant-

(T AT

hopper on resistant and susceptible varieties (selections)
under unprotected plots. 2nd crop, 1972.
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Fig. 3. Damage of brown planthopper on T(N)1 and certain newly developed
resistant varieties (selections) under unprotected field conditions.
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(selections) under insecticide protected and unprotected
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Table 4. Effect of resistant varieties (selections) to the activity of
parasites and predators of rice hoppers.

BoF kR MO | W oA K B
i L — Mo s cory | e o w ] e e e (W B T
ﬁ}:ﬁgﬂﬁr%igﬂﬁ|%‘i4(%)lf%ﬂ§ﬂ*;§%§** W%V*ﬁ**k
! — AT R S el
AL g 23 13 ses | 169 | 2646 1017
Mudgo 4| I R R S
1 : !
- 156 | 9 | 576 | 10400 | 3401 | 1269
\ | i
B e 15 04 128 @ | 1eess | soss 1216
| | 1 }
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RESPONSE OF CHIANON SHEN 11 AND
SOME NEWLY DEVELOPED RESISTANT
SELECTIONS TO ARTIFICIAL AND
NATURAL BROWN PLANTHOPPER
POPULATION!

C. H. Cheng?2
Summary

The brown planthopper, Nilaparvata lugens is an important insect pest of rice in
Taiwan. The traditional cultivars in this island are susceptible to this pest, therefore
yield loss due to its damage are considerable. In order to reduce the pressure of the
brown planthopper on rice production, a breeding program for development of brown
planthopper-resistant variety have been established since 1969 in Chiayi Agricultural
Experiment Station. The first resistant variety Chianon shen 11 was named and released
for commercial cultivation in 1973. This paper reports some studies on the response of
Chianon shen 11 and some other resistant selections to the artificial and natural
brown planthopper population under laboratory and field conditions.

The mechanism of resistance of Chianon shen 11 and some resistant selections were
identified as mainly due to the fact that the plants being not prefered by the insect..
The resistant plants were also found to possessed a relative lower level of antibiotic
factor that made the capability of the brown planthopper to survive, multiply and
damage on the resistant plants. However, the resistant plants was more tolerance to the
insect attacks than susceptible varieties T (N) 1 and Tainan 5. Under field conditions,
the population density of brown planthopper on susceptible varieties increased with the
growthstage of rice plant and sazveral hundred insect per hill could be recorded after
heading stage. On the other hand, the insect population on resistant varieties (selections
) were very low throughout the crop season. As a result, while hopperburn appeared in
the plots of susceptible varieties, no appearent damage was observed in the resistant
plants. Chemical protection to the susceptible varieties outyielded the unprotected about
35%, but the grain yield of resistant varieties (selections) with or without chemical
protection were about the same. This indicated that the newly developed resistant
variety can be used as a primary measure for protecting the rice plant from the damage
of brown planthopper.

1. Contribution No. 771 from The Taiwan 'Agricultulje;rliesearch Institute.
2. Senior Entomologist and Head of the Department of Plant Protection, Chiayi Agricultural
Experiment Station, TARI.



269
M OERRENETRARZIRZAET
I kignEpr1Hao¥ErRrLprgie

HRE OBAE SER

i B RPEAEME BI 1 SHAENFIUREZRETHE » FIRE KRS EEhER L
RO AR 2 B0 B BI 1 SSHURMEHR » I N S A R TR R
ANTEAE » ER0RAEHTREE - BRAER > B] 1 TKM 6 % Ri@H i SRR R
HO04 2SS - LI B 1 &t TKM 6 REBHANS FI-F B i BBREZRIE
» BURKEmAE BT 1 AR » AR —HIBHRTEN sl TKM 6 ZHimi:al
B—HEKRET » R &M IRRI HBHERE—F -

v

1

i

RUBRABNEMEHEIERMR BN I EERHEERaRENEREEGET »
WEABHERAENR  ETHAENBIREOEE T - BERAMBABRRGRTS » i
BESHTEEE » BRLELIAMARBABELIRET 25 » L4 As TKM 6 mig
» EEHBEAETLRE TKM 6 5if -

KEEHBERMRREIIE » BARRERE AL YRl L EREBERTE > 01X, &
Xao o it Tadukan ;. Tetep % MR ; 5—BEFEABBEEIRET » i1 TKM 6 RE4S
B4 3 5% o IMBER KM SEAT IR > Sigadis ~ 4 F B 3 5% > Zenith & B 589—A4—18—1 %3
& CR) ZHREER BEBEME TS - DZ 192 BIRREBERTHES - £EEN10724
Bas 5 MM Rz PUR RS » 331 B] 1 S0 EH aERREIIEEE > AN - AR%RZ B
BT B] 1 mWEHEEMRIUREZBETR  StkBIREEZ2% -

MEEEE

BESAREL : L BRI SAE B 1 81 TKM 6 » Bum i BE b 7E sk — B SRl 2 385 o 2.5
SRR I R IR R RSB 604 [T o
A 1 LPURSHE BI 1 REIR2 TKM 6 5ifE5 MIss 22 ek 1% (TND &
B 2 SRR (KS2) » RS« 442 FiF, REA  BERER » RELHRE
W o BH Fo #EAHER 120 $RER#H > & Fy 3T Progeny test. 2. i ik @ MKIEZRMM
BEEMRREELDBI%EE (Clipping method) #ERENGIZEL » FHEEERIER DL o HEL W
FRH  IRIIGIE 18~20 /NIRRT o EEFE1S 20 REEHBHEHY » RARBERERHERE
T2 o
R

aHh

#

+5

BJ 1 a2 E—N (FO BEZN (F) HREMREIMEZRIEER » AmE— o &
Bz - S BYR M EE P72k — SR A AL 2 SRR IR 1% 92 6 U L2 RRRIE » T
yimmiE Bl 1 (D2HARIES BJ 1xTN 1 & BJ 1xKS 2 S$H#ELAA2Z F1 HEREER
fE » HEARBEERARARK - 3t F. 2EWEVEZ » SURRBRERZ S #EHLS 515 511



270

1416 L% 331 : 949 » f¢ R /5l (Chi-square) A9REE » PURERRAS 11 3 2408 -3t F,
FRT MO0 > BRI R - ERRENGE » kERIFERTS HREET (
Major gene) il it F, S EEHHO Fu (R IENM > BI 1 Himte 2 8BTS A2 —HIB I
WRFATRER] « BXE—$ 3 ® B] 1 HEEHBRRLEEETES » BE T, HRAFH53R 120 H55%
#i > 7> Fs H£1T progeny test o ER&EEFMNFE 1 o /% B 1xTN 1 81 B] 1xKS 2 @A 2 %5
o BYURE 5 918 36 5L 34 Rk SHEEEBIS 56 F62%4 0 BUREAE 28 B 24 JH o IHE S
PIRER > BUERS B R RS A 1 2 1 1Y HEM o BEER BJ 1 BHEIERE (3 604
F) BIBURIES — B S R T-Frize i o

BJ1 X TN1
(F1)
BJ 1 TN |

500

BJ1 X KS2

400t

(No. of plants) #

300t 8

200" B Bl x>=0504°
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I (Disease reaction)
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SEELD

Fig. 1. Disease reaction of parents, F, and sz populations of BJ 1x TN 1 and BJ 1
xKaoshiung sen 2 to isolate 3604 of Xanthomonas oryzae. * (Chi-square
value of 2.45 and 0.504 giving a ratio of 1 resistant to 3 susceptible)

#1 :BJ 1 #ZH=REEHEHEREAY 2 RIE
. Table 1. Disease reaction of F; families of resistant x susceptible crosses to isolate
1604 of Xanthomonas oryzae.
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LM A TR A A T O < | Mo X2 &
Cross { Expected
combination | Resistant Segregating} Susceptible Total ratio Chi-square P{#E
|
BI'lIxTN 1

36 56} 28 120 1:2:1 179 | 03—05

- BJ 1xKS 2 } 34 62 ‘ 24 120 1:2:1 1.60 0.3—0.5
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KEEHEEREZRIE » BRAGEZI > (2 EK (Strain) REBEHRBSMEE - EXENR
FeE 5 (5, TKM 6 RSk 57 Eﬂ:ﬂP&%le’HmEﬁMaﬁ%%’éx » U H R BB
HEREB B SRBEENE = c $i4 TKM 6 8 TN 1 5 KS 2 B5 512 2 BHimHE 7 %R
PYRIE It F M2 HURBERSA TKM 6 [ BEx TKM 6 24t SEETiH o 5
B F. His% ‘%&fraﬂ"%}lz TKM 6xTN 1 #ii TKM 6xKS 2 $imsammayLel » 4 55 235
79 H1222:63 > #& Chi-square test #iZl 5 ifEE » FURERFRHSELS3 © 1 - dubisRm
TKM 6 #EEfimaobimts » H2— SR TR » L RBEE RN AT S 4 R —% » filt
KRB R F A 2 e ‘

250 T.lil X TKMS (F1) L KS2 X TKM6 (F1)
TEMS6 NI TKM6 TNI

73

# 200

N

g

A . ¥

2 o] *

% X2=0.016" X2=1,123
100} P=0.8-0.9 s P=0.2-03

50

HisRfEE (Disease reaction)

E2. TKM 6 #x%XF—  —iHRZXFHOERREAEZIRKE CRBERBFE3 1238

Fig 2. Disease reaction of parents, F; and F; populations of TN 1 x TKM 6, and
KS 2 x TKM 6 to isolate 604 of Xanthomonas oryzae. * (Chi-square value
of 0.016 and 1.123 giving a ratio of 3 resistant to 1 susceptible)
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BREEDING AND GENETIC STUDIES OF BACTERIAL
LEAF BLIGHT (XANTHOMONAS ORYZAE)
RESISTANT VARIETIES OF INDICA
TYPE OF RICE

I1. Inheritance of resistance to bacterial leaf blight

disease in rice variety, BJ 1
by
T. H. Hsy, Y. C. Teng & S. M. Chiu

Summary

The objective of this study was to investigate the mode of -inheritance of resistance
to bacterial leaf blight in rice variety BJ 1 (TKM 6 used as a check). The experiment
was conducted at Taiwan Agricultural Research Institute in 1973, Two susceptible varieties
Taichung Native 1 and Kaoshiung sen 2 were crossed with BJ 1 and TKM 6. The clipping
method of inoculating the flag leaves was used for the test of bacterial leaf blight. Re-
action was scored 20 days after inoculation on a scale of 0—9 based on the extent to which
the lesion spread downward from the cut of inoculation. A score of 0 indicated the most
resistant reaction, and 9, the most susceptible.

Results irom the genetic study of parental varieties, Fi, F, populations and F; fam-
ilies of various cross combinations were given in Figs. 1 and 2and Table 1. The reaction
of the hybrid fitted the hypothesis that resistance to the bacterial leaf blight in rice
variety BJ 1 was conditioned by a single recessive gene while that . TKM 6 was control-
led by a single dominant gene,
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KA RAGE LEA R E AR T 2 R
#oH# we

e e T e

R LR LR A0 > BARA AN - SITHE AT » RENERRARE
R LT A A > DR IS R o E
L 2R REEEEERRR L SRR K~ o R LR LR LA |
| 71~298mg/100g » LRI TIRL & RECH » RETHRZ » WA ERAZ » |
| WEEBTEERZ » FAEHRIE » 05HEL 20T 65 133me/100g o ?
; &K@Eigzgm@ﬁﬁW€§2%%E%:’K%Wﬁiﬁﬁﬁﬁzmm’%E
| RIABES > F A LR E SR SR - K2 ) EREAEERE
L AOKEEEEE AR ER SRR R RS ELHRESTE L~ 3 %M
| B R HER AR R IERIBBR » £ RIS L AR R R EARBIBR » R
[&]— o
&E%ﬁﬂﬁ&’Xm%&i@ﬁ%mEi@Z%ﬁWﬁﬁ@%%ﬁEZﬁm%sg
| DSCEBRBAENE R » gt PHIEZERMREE » CEC 2 ABMAREE |
o SRHKRELRZERY SR SRS L 37 10me/100g PITEESS |
PR /10 » 76 4mg/100g b Tk 1,780 o g
s

RIABZ

HHKHLEZBURE » BARFAEEREWHIEHES » Kawaguchi KIFZEREBKEER A
KERHW  BTIZRR Y ¢ (1) KEFAWEEHL+E2 CEC AEE2HM, (2) F
B aEEs  EEZ IR EREEE - (3) —MEZ L2 FRWEENEME -
o () BRWBRZ 2 A HIPAS @A 2R - ERBRKBE L2 H AR L
TFimZ W B2k » KawaguchiRBHTRZRIE® :

|
53 e J FLEK SiO; (mg/100g) KISEWMZ $i02 B R
Response | Available SiO, in the surface SiO; content in the top of rice

l soil, mg. /100g. plant, % of air dry basis
| t

% £t Always negative ] 13.0 ‘: 13

i #t f1 Positive or negative | 105 — 13.0 ]' 11 — 13

s 1E  Always positive ’ 10.5 J 1

RENRTEE G R SR » FABE RS - A EICZIHJERtR 9 (55 » $8 By Kk 4
UMD S FaHMRLERAERS » HHSI0, ELEHEEE 4mg/100g LT & By 2 kR
Mo KB > SI0; BELL9 %RER AR > MM SE 2.5 ton/ha WTH 3 — 7 %2IRE o I
MR SRR L » BRI E M LRAIRKE » KEBETHET<8 mg/100g, Hrhagp

AHREER AR A& W) » I o
LRSS RAFELLER -
2 B PR BRI L o
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$6mg/100g. » REdEER K HE B AW ER » THB 17 mg/100g » F4 5 13 mg/100g -

WS B » 7eWAFT s FEHABRKE® - AW EHELEDZHEE 20—300
ppm > H130% 4 f 100 ppm o 74 & PHEEMAGUIHEM » £¥&5 <100 ppmiy pH 6.6
s MBI LY 2 K HABMENRATE ; BE L AW SRS - HEEZ SR LIE Ry
SEH VIR 0 LR <100 ppmis > HEEER <90 ton/ha » JETPEHERAL L AR ENE L5
Y2 FEE  WIRERE -

W E R HY

RYFIEZ KA LA > (RHEEEN > HR AR FHAEEE 10504 » AHEELE
A AL MEAT S IRBEULIE ST » MM IBAGR » B AOETRIEE L2 AR » B L s
B2 AR > LARRAR R B ATE LI RS 2 B 00 » TN K B R B o2 e PR o

SHRERFEE

H%W 1 pH 4.0 1 N NaAC ¥hhH#h » FIESEERNE © o
VEHEE : Barshad &k @ o

W% Jackson ZEBEESHMaE® o

CEC : Brown I E Mehlich Fik &9 o

HHE : Walkley-black method ® o

PH : BB RE (1:1) @ o

%%ﬁz&/ﬁ\ . ;@ﬁ& (10) o

N S O ™ W N

HREHB

HEAPTZRER R R BE SRS c BEREMEHARETINME » 80K
RETITRERBZIN R R WHBERT ¢
LR K G B 2 R R B Ay
ARAEE L B L DD RILEE » S et LKIFEEZEREEKE o
RIREREARF » 55 (1) BEEEEMEL > (2) MIEEMEL > (3) BEHENEL
> () FraEmBER (5) RIWVEEMEL > MR EFE BB L5 TR g » Kivaah
Bitkz o DRICEEME L2 MEEED - IR L ES TR RERE 2 B L& LR 2
I

F— RERBHZEERLEH (ng/100g)
Table 1. The available SiO, of the various paddy soils in Taiwan.

™ - - | i )
+ - @ %k ES + MoK 4+ K i it
: = N ﬂayer Surface soil | Sub-surface soil Sub-Soil i Total
Soil B BR[| BB | oy | BAR | e T2 K B | o gn
" groups ' Parent N S;mple Az(iil:jﬂﬁ‘ S;mple A4~i/'jfla Sz:mple AZF,jl'jILEi‘ §ample li 4 fé
| materials ~_| No. verage ~ N, Average U " verage| “n oo | Average
. | | |
e H A K 31 | 112 51 | 216 46 | 281 | - 128 . 216
Sandstone & Shale ‘ j !
¥ Ol B oHE 20 | 148 32 | 157 20 | 206 81 | 168
LN Slaty
Alluvial | & gel B 5 23.1 10 378 14 447 29 38.6
Soils Mudstone i | o }
I | .
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V [ \
80" 8 | 11 13 179 24 | 169 45 155
; Schisty | !
T 5 | 208 1| 149 1| 387 7 | 200
. i Andesite
R B B TR 50 | 155 46 | 237 123 | 180
*Latosols Dilluvial deposite ; : . . ; .
& it |
& Total 105 | 133 | 157 | 143 | 151 | 185 413 l 20.5

HOKRRE 2 BRI LI B 0 RE— o LR Lrb » BHWFHHE 7.1-29.8
TERETL BRI RN IR R » A HRE 25 L LHFSIE 2 K NERF B » BlZ
WEEMHESR B IS A B L >R H S E R > A A E L SR r R
EE14.9—37.8 » KA ZFI5{HEF15.5—38.6 » JLA/PNEFF : REE>RIABE>EESE
SHICERE> A EE - 2FMELZR LA ERHIE  BRLRELZHE &R - ME
EHEREE L REUEENE LA E L2 R0 BERES > BERIRNAE L FE8IE » B
11.1 mg/100g » 8% + K2 £515.5 mg/100g » £ -L-HIE23.7 mg/100g » 28123 +£E » s Hiug
7518 mg[100g o G147 » B BT 2 2804 FF LIMA13(E 2 FE 514 S 20.5 mg/100g o #t
KEREEZ BRI 2GS - REEERELZEE » AI05H 182 F1HE513.3 mg/100g »
BURAERE LR AW &R —RTE TREZ » FHEPEUE -

2. RERFEH 2082 — R BUR M 2 B R

(1) AEKFEH LI 2 B B S

AT L2 FOI A 2 & B2 MR » MBI L AT BB » HABMER
RALE » BB SWREG © > FAREE L2 ERE B R 280 » SRR T
%o

R REREH LR EMIE KR (mg/100g)
Table 2. The available SiO; and soil texture of paddy soils in Taiwan

(I O RNt o Laols T g
Texture Simp7l-§ N%z ZFAvi’Erjagialﬁ Sfmpﬁ N% Z}Zvﬁaggg St\?%mp?é N%z. Zl;vé?aggg

*h + Clay 29 30.4 94 | 18.3 123 [ 21.2
f6 I 5 £ Clay loam 51 232 — — 51 ‘ 232
# ¥ 4 Silty Clay 27 208 24 176 51 198
DR Silty Clay 39 19.4 5\ 134 44 ‘ 190
WEKEL  Sandy Clay 9 19.1 — | — 9 19.1

loam ‘

70tk 4+ Silty loam 48 19.0 LE — 48 19.0
b '+ loam 53 19.0 — — 53 19.0
WHE # + Sandy-loam 28 175 - — 28 175
%% W 4 Loamy sand 5 23.8 — 1 — 5 23.8
w + Sandy 1 66 — 1 — 1 6.6

A EREZ > AREE LR EIIE SR 2 & BRR » i £ s 2 Kam -
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ZEM o BIRED LR B2 BEHSUHEE AW SRR R2 » MREE 2K
TR LA B0 FRAEEHRAE, o
(2) AEABHLEZHRBIREH &R 2GR

BER=M KEHBEZHEY &R HREREE B 2ME  — BT E » REFHRE
BREEE > BEE 1 %UT » 71— 3 %L » TR 4 SR % 18 2 7k B 349 LA 72 L SR A
ABREY - EEFHERLUTZEBAU<1%E88%  MELAFBUTHRES
BEX (1% FEWEEHME RZ  HRESESE (1—3%) BEWFE » HHE
H>3 %L ERARES - BETHES » ARESERNE ARV EERE - ENFLHE
ZHEHRER  MEEZRUTERRRE IEL HUEREESRES (K1%) FEVERS
cMAERERE (1—3 %) BRHAE » LRHAEE -

= RAEABHLER R REERESE (mg/100g)

Table 3. The available SiO, and the organic matter content of paddy soils in Taiwan

I~ B *
+ ¥ i \\ Layer 1 2 3 4 5 6 7 8
! N
Soil |HEH% ! l
groups | organic \ S¥A* S | A|S|A|S | A|ISIAIS A|S|AlSslals]|a
| matter l ' | |
J
<1 —I 29 187 34 220 26 22.3) 23 22.4 17 254 6 225 2 108 137 219
gL
Alluvial 1—3 62 13229 19215 325/ 11 356 9 350/ 4 317 1 254 1 185132 207
Soils
>3 16 177, 3 149 2 149 ; 21 170
<1 11 175/ 21 23.0] 23 248/ 9 217 4 218 68 21.5
fIE ‘
1—3 17 11.0{ 16 130, 6 113 2 125 41 115
Latosols
>3 10 135 1 135
*S IERE WA ERWTHE

(8) KFEH 12 A & 8 - R
ElE 182 o KAEH L2 F5H & &5 PH [ERIEAR » 152 » BUKEE LS5 R
&% B PH 7R » AR &&7E 5—12.5 mg/100g+ AL PHEEL.5—6.0k% » B
W¥1E12.5—25 mg/[100g, PH{ERI7E6.0—7.8/] » (BLIEEME LAHER » 8EEWEE »
PH fER{E » BLR IS o



217

L5 %5810, LR FEZ 48R

Correlation between Soil Available SiO2

and Soil Reaction
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.
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FE T 774 DR B AT 20 3 % AR 2 TS R R AR I 2 HRBBR 0  JEEIERER © —
BUAENE LY ERWESE RN MBI BN EAER - JINER —RREERE
W2 K RS 2 R R RS A B 2 AR 0 RINRR » B sl -
F£70 ~ AEEFEAEELES R SR L E R T2 AR R B R
Table 4. The multiple correlation and regression coefficient between the content

of avialable silica and the other chemical property factors of various
paddy soils in Taiwan

- — — T T RWGH | AR

H PH CEC WM | ARE P.O iRy g | EiEsRE | Coeffic— F{f |[Sam~

Parent materials Free |Organic| "2 5‘ Constant | Standard| ience of !Valuel ple

. Fe;O3 | matter | | error | correlation: No.

W B B B 45521, —0.1557 | —13.4965| 46019 0.62 9.13%¥ 31
Sandstones & |
Shale |

i Sa*lfi ge 41852 —2.9998 —1.5369 |- 31280 +6.5812 057 414% 1 29

aty i

by T IE 4,6605 2.6602 & —17.9828] 4-4.0304, 0.53 4,58% 27
Dilluvial .‘
deposite | i

= EHRZETATE F*=38%, F#=1% \
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B & > BURD S BB RO IR E v - B3R K & R 0y B0 PH 09 1588
ELIEHM > DEEEENE L2 AU &R CEC EaMM » (W1 » e B L
ZHEE A R I > R E R A o AL K B 93 Ry B B R
HEE L IEMAM o MR FEM S » LB S EAE M - 24 F 3 PH (64 68
B2 IEAER - R ETFIAHAN AT A R LR T o

FH - AR EKEE L F A &8 IO LR B IR T 2 AR A B R

Table 5. The multiple correlation and regression coefficient between the content

of available silica and the other chemical property factors of paddy
soils in different part of Taiwan

f ; T T RS - A
i B py | cpe | WM | AEE  po | 0 8| BERE | Coefficience F A 1k 4 ¥
Region | Free ’Organic ¥75 | Constant ! Standardl of Value | Sample
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{ | ‘ \ ! i ‘
Jb # i | 0.7288‘5 L 2.4126 — 1.5188, =4.8536 0.77: 39.92**‘ 57
\ | | ‘ ‘ :
d FH 6.3316, —0.1937‘ \ ——21.1280‘\ +-5.4018 0.80‘ 12.36%* 17
| | |
2 %S‘ 7.7524: ‘ 1.6818] | —347131] ==6.3192i 0.75] 17.81%% - 31
wO } 5.0356| 1 l 2.1819 —24.0113, +2.6317 0‘87‘ 4.24* ‘ 38
| ‘ | 1 ‘ i | !
SE R ZET AT R =59 F=1%
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T~ B~ U R BRI o T FERREEL S » E MBS A AL e
iy CEC HRERIEAER » JE ~ Bk Eiz K El L2 F a0y & & PH 98 E
BRE LR > T3 KR E L2 By il CEC R &R » B TR 1 28 Wy s
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?:j’ S
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STUDY ON THE AVAILABLE SILICA AND THE
PHYSICO-CHEMICAL PROPERTIES OF THE SOILS
OF PADDY FIELD IN TAIWAN'!

Ching-Yuan Lai 2

Summary

1. 413 soil samples were selected from various location of whole province. 7 items of
physico-chemical properties were analyzed. The purpose of this study was to understand
the correlation between the available silica and other physico-chemical properties of the
paddy soils in order to investigate the application of the available silica.

2. The available silica of the various paddy soils in Taiwan was shown in table 1.
The average silica contents of the alluvial surface soils were from 7.1-29.8 mg/100g,
showing the decending order of the follows: the andersite alluvial soils™the mudstone
alluvial soils>the slate alluvial soils™>the sandstone and shale alluvial soils>>the schist
alluvial soils. The grand average of the 105 surface soils was 13.3 mg/100g.

3. The relationship between the soil texture and the available silica of the paddy
soils was shown in table 2. Except for loamy sand, high contents of available silica
were associated with heavy texture, irrespective of alluvial soil or paddy latosols.

4. The relation of soil organic matter content and the available silica of paddy soils
was shown in table 3. Most of the organic matter content of the surface soils were
within the range of 1—3%. It gave positive correlation between the content of the
organic matter and the available silica. This was also true for the correlation between
pH and the available silica. (see Fig. 1

5. The multiple correlation and regression coefficient between the content of available
silica and the other chemical properties were calculated, based on the different soil
types and in different part of Taiwan. It was shown on table 4 and 5. The positive
correlation of pH was highly significant and the negative correlation of CEC was
insignificant.

6. Most of the available silica contents of the paddy soils in Taiwan were in the
medium range, the content less than 10mg/100g occupied 1/10 of the whole samples and
content less than 4 mg/100g occupied 1/80.

1. Serial No. 773
2. Soil Specialist, TARI, Republic of China
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(2 BEERG : BB HREREMEERZ T EES » AR H RS A B % E R
Bz HE B
(1) 0.1 N HCL ®hihii: ¢ +48 ¢ fhiEi=1 : 10 » L ERSTE34040 45 o
(2) 0.1 M EDTA+1IM ammonium carbonate (pH 8.6) ik 1 +3% : R
=1:2  BERHE405E -
(3) 1 N NH,OAC (pH 4.8) #hHHiyk ¢ 4% : hilik=1 : 4 » BEHRIE055% o
LA % BRFT S 2 SRR - AREED ~ SBIE  BLUE TR TIE H 2 4 ~ 45
ERFERE -
RRB T LEBEERZ M REE ARG 2 ERYE D RS ET
FI75mh i o (L=T7 RIS R 2 ABIRGR » AT ERRTE » il T
8 =M REARSEREE R o
(20 8 (3) BMZAMBEEE » H HEmEe T o
o (1) (3D EMZHMBIEEE » i 5 ERMEREE -
B B ZER LU= B R AIR AT SRR 2 G » T —EE (3) BB
fmE R (1) 30 (2) ERTE SRR ARG » e LA Ao IR (B2 ik » B
# (3) ERTERHBREE -
g (1) B (2) WSRIMARMmEZ -
(=) HaM o it © B » FEEBEATTEE > Ll 60°—70°C W24/ 1\ » FEiGHR LR &
» BRI MAERE 0 BAWBIBNE A » BEREYD 54T o 47 HTIE B 835 N. P. K. Ca. Mg. Cu.
Fe. Mn % Zn % o

P BERT T B SRR R ER  WCR ST > DU R L 2 AR B A
BABA % o ’
— - LEHE

(=) —RUEH - 1Y — B E R MR E LA » JIRE]. 1% pH B3.90%8.10 »

AR EEH0.98%%E3.55% » ¥+ (Clay) &48H 3 %%35% -

(o) MEERESE '

Lef t$is&Ll (1) #% (0.1 N HCL) #H#7:0.4%9.3 ppm ZfE ; (2) $EDTA
-++ammonium carbonate) 7:3.0%13.8 ppm 2 (3) % (I N NH,0AC) ai#:
0.2%1.58 ppm 2 o Fiskell ® LUmERFHH S » 225 pH 4.8, 1 N NH,
OAC EEER—RENER » BRBLULEME 287 0.2 ppm LLIFHS » et T
Cu, £7: 5 ppm LIk » BI%E Cu pymEm st o ARBRLLR S 2 87 0.2
~1.58 ppm ZH » JEBEHEiE o

2.8 FE Rl (1) BHhil%E 2~653 ppm; (2) ¥7E 90~960 ppm 2 ; (3)
#7:1.4~68 ppm [ o Olsonk Carlson "V [ 1 N NH.,OAC (pH 4.8) B
W EH SR E 2 i RIS 2 ppm,  AREER b AT e 28R R0 E

(LAFIERHD 78 1~2 ppm [ » Hofh £ & 8B RIS o

S.HE BB (1) HHHEE 17~700 ppm 2/ (2) e 9~140 ppm Z[H ;
(3) k7 6~418 ppm 2[5 - Cox ™ LL0.05 N HCL+0.25 N H,SO, Bt
o BT TR 2 B R RS 5~9 ppm o |

4.5 D AR EFE RGN (1)R(2) EHIT » 2k H] Z R B A e (=0 87+%),
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(1) gl EEREE 1.3~29pm ZfH » BHFER  SUERRLEMEERZ
HEy > A 4EP 0.1 N HCL #ERi: Zn 76 3ppm LATHEF > i Zn BIgE(F K38
7o AREEA+tA 0.1 N HCL #hE{: Zn 7 3ppm LIT#EE= (BI+£5%9 ~13-23
) 5 (2) R EEEE 1.3~23ppm 2 o Trierweiler % Lindsay ** LA #:
> HERFTEHZERBERS 1.4~3.0ppm, A5 H £ILEMRIRZ Zn S 1E
1.3~3.0ppm ZMEBHESL » b5 LIWAEEFE/MIGHEREE Zn R > (B Zn &
R » B ARBEME -
HHHMEERESTER  RRFYZEERVEM AR » ERRAMRRE LBEEM
pH. HEi ~ HHd - B~ 8 Wi RKERSaRZEE® » RSk LRES Btz
BTz %W BELE -
= B R R R R
+EmEE (pH) - #k (Clay) RAEH#Y (Organic matter) &E TN (EDTA
+ammonium carbonate) £ - & - 4% - SEAVHBIBRRIINE2. ©

# 2. LUV AR B 2 ARRAR £k
Table 2. Correlation between soil properties and extractable micronutrients
i #h LIEI T Pl 7] ) & A
Relationship between %%gﬁliiggftl Regression Equation
pH (X) and extractable Cu (Y) 0.15
Fe —  0.78%* Y=1439.15—-1658.62 X
Mn — 001
Zn — 025
Clay (X) and extractable Cu (Y) 0.53%# Y=291+0.18 X
Fe —  0.44* Y=6182—-1276 X
Mn 0.17
Zn 0.07
Organic matter (X) and ext. Cu (Y) 0.76%* Y=3.52X~-0.85
Fe — 0.001
Mn — 026
Zn 0.40%* Y=206+3.10 X

* Significant at 5% level ## Significant at 1% level

% 2. B+ i% pH EHT RS2 R ARG o BUR - ER SRR TR -
pH BB A B Y » Binwh pH B E— B KA ESRIEIEI000:% © » 1%
pH Bl W] FER ik S K £ FE RARBR R ©
b -2 BT R M SR B TE AR BB £ + SRR AU A HERBRBR R » BELER B SRR ER TR
% o Randhawa " % & LIFIEE Punjab 3R yd+—f8 458 » 573 28 » RS - R LA
R ROHR A B B b 2 0 ~ SRR SRR IEAHRRRA 6% o '
© 39 A S R R R M SRR B » SRR MR £R o SRR AR PRV o LLRR
SER LN EDTA S:hhl 2SR s Bk H B 4K & % - Martens ¥ )| Virginia LIERT{E
SR 1 N HCL HhER 448 1198 4 A IEABBABA £ - Bandyopadhya V %11 1 N NH,
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OAC HFRFIEEREH 13 » 3 138 B B S AR TE FRBARA 4R o

= e i TR R 2 B R (K3

# 3.

HRIEE G 8 &~ SRR 2 AR R

Table 3. Statistical relationships among uptake of micronutrients and soil properties

B ﬁ * - B s *E .Coefficients{%z)f .
Vasiable. Independent Variable cortmtation | *reprendn. | comuaiple
Cu upfake 0.1 -N HCL extractable Cu 0.49%* 0.32 | 0.77%*

‘ | % Clay 0.41% 0.10

pH 0.66%* 0.56
% Organic matter 0.32 0.06

Cu uptake EDTA+ammonium carbonate ext. Cu 0.44%* 0.32 0.75%*
% Clay 0.02
pH 0.60
% organic matter 0.02

Fe uptake 0.1 N HCL extractable Fe —0.12

Fe uptake EDTA+ammonium carbonate ext. Fe — 0.48%%* — 027 0.53
% Clay 0.35 0.14
pH 0.46% 0.19
% organic matter 0.14 0.06

Mn uptake | 0.1 N HCL extractable Mn — 021

Mn uptake | EDTA-+ammonium carbonate ext. Mn 0.86%% 091 0.89%%
% Clay — 0.05 — 0.25
pH - 0.01 0.08
% organic matter —0.34 0.01

Zn uptake | 0.1 N HCL extractable Zn 0.72%% 0.71 0.80%%
% Clay 0.06 - 021
pH 0.30 0.37
% Organic matter 0.29 0.12

Zn uptake 'iEDTA—'ram‘monium carbdnate ext.;Zn » 0.61%* 7 0.75 0.80%*
% Clay — 020
pH 0.56
% Organic matter 0.05

* Significant at 5% level.

* Significant at 1% level

HF3. Z BARBHRA LR » Mt R4ELL 0.1 N HCL 5% » MIEmY4 SEERKE
ZRIGRSTREE » ML EDTA prbhIR¥E RIS GRS 2 M0 ; MBS ZHR > B 0.1 N
HCL ## EDTA BEft: » (B7ef ~ SRR & B2 MIRE R LB E 2 AWM S+
» TIERIERED o
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SR B A% 0.1 N HCL #iBRf4s¢ EDTA $E144H « +5% pH % Clay 4852
HE 2 IEAHRRRA 67 - SRS eh G B4 & B (AR » R SRR i > A R B
Tt o R ZEEDT RE O MMNERPERAE B pH, HKBHE%%EH - Clay &
O. M. Sl 52 BB o R IRZ 4% +3% pH~ Clay ~ O. M. 45 /4% 5asR
Wi 2 SRR CR B A 2 ) o

SRR EDTA AR SR R AR R » 8-+ pH B IEFER
BRER » SRS RER R A B & B B SRR Ik 7 R R L s i R AR B £R RS0 63 5 s
BRE T o

SRR RS 3 b EDTA $iER M55 RS TEHIRARAGR » S48 pH R L8k 4
By BB RIS TR o o (R SRR GR R B 2 WA B ER B 520 . 89 » (L phy % PRI 2 4 v [
BRI EDTA B 555 o

SR A% 0.1 N HCL #iHRi: K EDTA HE{: SR B EHMAG » M4
Foft PR R RBRE o (L0 PR SR B i B BRI AR B9850, 80%% » Hrh B4 iR kK 15 -k
AYE S » HKFS 1% pH -

3. BRI » "8l EDTA + ammonium carbonate H +i#rhhBi 2454
EAGEY 5 MR $8 2 Wl & RILL 38k & S BRI R I 4% pH ~ ¥R R B & B S LR
AT TSE o SR RI DU S AR Rt » (BRTLUR 8 SR SEHBh 2 6B R
pifhatz » HEABRERER HEXE

Fe uptake=0.99—0.01 Mn (ppm) +0.07Zn (ppm) —0.006 Fe/Cu+0.17 Mn/Zn

R=0.86**
CERMEERARE

BIRZER R~ 80 6 > S EBHBER LT HETINEL. » K5 BBEEERMBEEREL
BRFHIERTREZBIR -

i« #f Cannell ® BFMBER B ARFEZHE » BEHEHELE 3.1~12.3ppm KB
HHiE o Chapman ® & Mortvedt " RIFRH— MR EY &R 7E 4ppm LATREBALA » 76 5~
20ppm ZMHEEr o 8 20ppm FREGEHEERR o HE4. ARBRPBIHES BFEE 11~
24ppm 2 » Fi54 5 19ppm, LEER T o E5. REREMEBRLER SREREZ &M
BRERGR 5 (2 L3 8RR B i R IEARR 2 B (RRABR R FHER S HE 1%+ EDTA #
WK 0.1 N HCL SiiRiESASRFMAHTEE) « Sz aBRBREHE » FE8%
Bt -

# : #& Chapman ® . Fhi LH R @& & 93~115ppm KA EEREE, » %2 107~250ppm
2B EPHEE - Mortvedt " iz L HEFLWRENEGHER » AEEHEHELE 50ppm
AT A REBLE » 76502 250ppm ZRIFIEH © Purvis % Carolus "2 255 1F % # M 8 b
4 EEFE 25~500ppm Z[H] » A KLIEHEEMNRE - ENECHERENEERBE AR
ZVE S R T4 o ARBRrp B/AIE R EETE 265~890ppm [ » BEA B BT ME 2
EH LR > (HEREE 0 3 5 PEHERIHEREE B RER PREREE ARMME -

$h ¢ & Chapman, HREBRRPEMEREZBRETE 5~Tppm LATEHRZHE » EHE
EE 70~398ppm o Chapman HiiF& L HAEBHLBEREIEYFIEEEERFZRE 28
—MIFMEE R SR ETE 20ppm DATREEGZ » 76 20~500ppm EE @R » EREZEE
BE > MEFEHE > (i Chapman & 1,000ppm DL LR » A REREE - ARBHE
FER E8EETE 41~1470ppm Z[H » #38 1000ppm H{EHHRE - HEEREHEER » (1£5.
RURE BREIEE b i & BB E A HEBRRR 6F



288

F 4. BRERE 84 S8E

Table 4. Copper, iron, manganese, and zinc concentration in tomato leaf (ppm)

Copper Tron Manganese Zinc
Range ‘ Average Range z Average Range ; Average Range ! Average
1139 ‘ 19 ’ 265—890 l 438 i 41—1470 [ 399 30—158 65

x5 ENERAMBERELERENPEEZHG
Table 5. Relationship between yield of tomato and micronutrients concentration
in plant and soil

&l 54 -y * B b4 CiE R S N
Dependent Variable Independent Variable Simple correlation coefficient
Yield Cu concentration in plant —  0.44%
EDTA+ammonium carbonate ext. Cu 0.38
Yield Fe concentration in plant —  0.46*
EDTA+ammonium carbonate ext. Fe —  0.73%*
Yield . Mn concentration in plant —  0.44%
EDTA +ammonium carbonate ext. Mn 0.07
Yield Zn concentration in plant —  0.46%*
EDTA+ammonium carbonate ext. Zn — 010
* Significant at 5% level ** Significant at 1% level

# : Chapman ® % Mortvedt " ¥58 S ¥ —MIEMT 5 » HEH & &E M7 20~25ppm
PAT BB GRS » 78 25~150ppm 2 [H18 - #ifE o BESF B ERE MR A T » (A7 400ppm L)
ATREL R SRV TR IS AL o 4. WA RBTBHER S48 7E 30~158ppm [H 5 [EEE
PR > (AR5 FhhE BV HIER RSB IR £ AHRIBI6R ©
#*6. i EDTA #iFifk Cu. Fe. Mn. Zn 2B EHEMNIEAS R GERBERZM
fhe

6. - #- i HELERRERTEEZHG
Table 6. Relationship between micronutrients concentration in plant and soil
J

S 5 5o Ed 2 = it B R £y
Dependent Variable Independent Variable Simple correlation Coefficient
Extractable Cu | Cu concentration in plant leaf 0.20
Fe Fe concentration in plant leaf 0.35
Mn Mn concentration in plant leaf 0.69%k
Zn ; Zn concentration in plant leaf 0.76%%*

HR6 MERPERANGETH LR EZERGRZBES ) TRREN S BRI ED:
DAMCHE Bigerh 2 s B flhiat » (MR LD B ER 2 4 B R KB RO R G Z » HE
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BRIELRR B 7 25X R AR RN T
FERE R 2 Fe (ppm) ——427.94-+45.55Cu (ppm)
—14.83Zn (ppm) —2.73 Fe[Cu-+5.34 Fe]Zn+8.98 Mn/Zn-+391.59 Zn/Cu
R=-0. 83%*
e rh 2 Cu (ppm) =10.06+0.01 Fe (ppm) —0.08 Mn (ppm)
+0.35Zn (ppm) --0.03 Fe/Cu+0.69Mn/Zn+2.81 Zn/Cu—0.26 P/Cu
R=0.89**
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COPPER, IRON, MANGANESE, AND ZINC STATUS OF
THE MAIN VEGETABLE GROWING SOILS IN TAIWAN

Tze-Shun Lee Wang

Summary

This study was carried out to investigate the status of copper, iron, manganese, and
zinc of the main vegetable growing socils in Taiwan, as well as to evaluate a reliable
method for extracting these micronutrients from soils.

Thirty representative soils selected from the main vegetable growing areas were used
in a pot experiment in the greenhouse. The indicator plant was tomato. Plastic pots
containing 5 kg. soil each were set up in 4 replications. Deionized water was used for
irrigation. Reagent grade chemicals of (NH,) ,S0, Ca (H,PO,) ,. H,O, and KCL were
used as the fertilizers. There was no micronutrient treatment.

Three extractants were tested for assessing plant available copper, iron, manganese,
and zinc. It was found that iron and manganese extracted with EDTA +ammonium car-
bonate were best correlated with plant uptake, While as for copper and zinc, 0.1 N HCL
was the best extractant.

Relationships between extractable micronutrients and soil properties (soil pH, organic
matter and clay content), uptake of micronutrients and soil variables were evaluated by
simple and multiple correlation analysis.

From the correlation data it was found that the uptake of Cu was best predicted by
the combination of 0.1 N HCL extractable Cu and soil properties (R=0.77*%%), and so
was the uptake of Zn (R~0.80%*) . Mn uptake was significantly correlated with EDTA
extractable Mn (R==0.86**) . The prediction of Mn uptake was not improved by
inclusion of one or more of the soil properties. Fe uptake was best predicted by the
combination of EDTA extractable Mn, Zn and the ratio of Fe/Cu, Mn/Zn (R=0.86%%).

Correlation data showed that the EDTA extractable Fe decreased with the increase
in pH value. That the extractable Cu increased with an increase in clay content, and that
both Cu and Za increased with an increase in soil organic matter content.

Soil analysis data showed that except Zn, the contents of all the three micronutrients
under study were more or less above the critical level as reported in the literature. Plant
analysis data also showed that except Zn, the concentration of Cu, Fe, and Mn in tomato
leaf were all higher than usual, especially that of Fe.
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EFFECT OF CLOSTRIDIUM IN THE CONTROL
OF FLAX FUSARIUM-WILT !

M. Chen, C. C. Ty, and L. H. Jwo 2

ABSTRACT : Bacteria were examined in two soils similar except
that one was conducive while the other one suppressive to flax Fusarium-
wilt. Bacterial flora differed markedly between these two soils. The former
had a higher count of cocci and actinomycetes whereas the latter had a
higher count of anaerobic bacteria and gram-negative rods. Several Clostri~

dium spp. isolated from the suppressive soil were inhibitory to various

formae of F. oxysporum including lini, pisi, niveum, lycopersici, and

cubense race 1 and race T. In the pot test Fusarium-wilt was controlled

!
f( by inoculating Clostridium sp. into moist soil kept at a neutral pH
! condition.

)

i

Fusarium wilt is a major crop disease in Taiwan. More than a dozen crops are
susceptible to I. oxysporum infection, and as a result loss to annual yield is heavy. At
present, there is no practical mean to control the disease.

Biological control of Fusarium wilt has been rarely successful in the past. The
reasons are mainly due to lack of information on the mechanism that the fungi are inhibited,
and on the proper way to maintain the antagonistic microorganism in soil. In fact, the
phenomenon that some soils are more resistant to Fusarium wilt than others has been
known for many decades ! . This phenomenon has also been found in Taiwan where
flax is cultivated between two rice crops in the winter time . Commonly, Fusarium
wilt becomes prevalent in one field but in an adjacent field of same soil type and under
similar agricultural system, the disease is not present. Such occurrence provides an
excellent opportunity for studying the interaction between soil parameters and the disease
severity.

This work was designed to study the bacterial populations of Fusarium-suppressive
and -conducive soils and to note if any of the bacteria isolated possessed the potential
on the control of the disease.

1. Research Report of Taiwan Agricultural Research Institute No. 775. This research was supported
by National Science Council of the Republic of China grant No. NSC-64-0501-0202 (06) .

2. Authors the first and third are Visiting Associate Professor and Graduate Student, Institute of Bio-
logical Science, National Taiwan Normal University, Taipei , Taiwan, respectively. Present address
of senior author : Division of Laboratories and Research, New York State Department of Health,
Albany, New York 12201; and (second author) Senior Plant Pathologist and Head, Department
of Plant Pathology, Taiwan Agricultural Research Institute, Taipei , Taiwan.
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MATERIALS AND METHODS

Bacteria were isolated from soils of Fou-chein Chuen, Show-shui Shian and of Fan-
po Chuen, Fu-hsing Shian, respectively. Both are alluvial soil and belong to show-shui
soil series. The former soil contained 3.8 percent organic matter, had a pH of 7.8, and
contained sand 14.8 percent, silt 39.9 percent, clay 45.3 percent. Flax was cultivated in
this soil for the past ten years and the wilt had not been found, though it did occur in
the adjacent fields. The latter soil contained 3.2 percent organic matter, had a pH of
8.0, and consisted of sand 9.9 percent, silt 45.5 percent, clay 44.7 percent. Flax was culti
vated in that soil for seven years and the Fnusarium-wilt, which gradually developed
during the last two years, had completely destroyed the flax at the time of sampling.

The number of viable bacteria were determined by plate dilution on soil extract agar
amended with 0.2 percent yeast extract‘®, asparagine-mannitol agar ® and nutrient
agar containing 2 part/10° crystal violet ® . Three replicate plates were poured for each
sample, and random colonies were selected for 14 days at room temperature. Anaerobic
bacteria were isolated with a 2x15 cm tube containing soil extract-yeast extract agar
medium and then both ends stoppered. The medium was cooled immediately after auto-
claving, and carbon dioxide was flushed over the tube to remove dissolved oxygen.
Diluted soil was inoculated in the tubz and incubated in CO, at room temperature for 10
days. Deep agar colonies were transferred and serially diluted into soil extract-yeast
extract solution amended with 0.5 percent of glucose which was cooled in carbon dioxide
immediately after autoclaving. The cultures were then incubated at rcom temperature in
an atomosphere of carbon dioxide. Cellular morphology of these bacteria were examined
and were categorized by the modified procedure of Stanier and van Niel 19,

To test the inhibitory effect of aerobic bacteria on the pathogenic I. oxysporum,
the bacteria were inoculated as a circle (2 cm diameter) on soil extract-yeast extract
agar. A 10-mm diameter disc of F. oxysporum grown on potato-glucose agar medium was
placed in the circle one day after inoculation of the bacteria. The inhibitory effect of the
anaerobic isolates was tested by first growing the bacteria in the glucose-soil extract-
yeast exiract medium in test tubes. Five-ml of the growth medium (ca. 5x10% bacteria)
was mixed with 10-ml soil extract agar medium and poured in a petri dish. The fungal
disc was then placed on the agar medium. Although the fungus was grown aerobically,
the bacteria submerged within the agar, were under an environment approching anaero-
biosis. Growth of the fungus was observed after incubation at 28°C under continuous
light for at least 6 days.

Tam-shui River alluvial soil collected near the Taiwan Agricultural Research Insti-
tute, Taipei was used for the pot experiment. The soil contained 3. 4 percent organic
matter, had a pH 5.4, and consisted of sand 68.6 percent, silt 20.8 percent, and clay 10.6
percent. After steam sterilization for 30 min., the soil was mixed with minced*“diseased-
flax” residue and kept moist for one week. Approximately 2,700 chlamydospores per gram
of soil were counted with the plate-counting method . Soil pH was then adjusted to
7.2 using 2—1 (w/w) Ca(OH);—CaCO;. To create a wet and anaerobic condition, pots
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were wrapped with plastic film and placed in a dish containing water. Approximately 107
axenic Clostridium sp. were inoculated in a gram of soil 7 days prior to the flax plant-
ing. Each 10.5—cm diam. clay pot was planted with 5 flax seedlings. Six replicates were
made for each tested bacterium. Three series of control were used ; one with bacteria,
one without soil pH adjustment, and one without the technique used to mimic moist ana—
erobic condition. However, sufficient water was added once every two days to the cont-
rol treatments without the continuous water supply.

RESULTS

The type of bacteria differed markedly between the two soil samples (Table 1). In the
suppressive soil, a greater number of anaerobic bacteria and gram-negative rods were
counted, whereas in the conducive soil cocci and actinomycetes counts were higher. Aerobic
spore formers, the asporogeneous gram-positive rods and total bacteria populations
varied in size on the three agar media showing physiological selecting of the media.

The number of bacteria capable of producing antagonistic effect on F. oxysporum
f. sp. lini in the soils are illustrated in Figure 1. Only a small portion of aerobic isolates
could inhibit the fungi in petri dish and their numbers, including a few Bacillus and
actinomycetes, were less in the suppressive soil. However, within the suppressive soil were
a higher number of anaerobes, mainly Clostridium, that were capable of inhibiting the
pathogenic F. oxysporum. Seven anaerobic isolates effectively inhibited . oxysporum
f. sp. lini in petri dish (Figure 2). Isolate a, also inhibited other formae of F. oxysporum
including pisi, niveum, lycopersici, and cubense race 1 and race T (Figure 3).

Table 1. Viable bacterial counts (x10¢/g) in the suppressive (1) and the conducive

soil (2).
Soil extract-yeast | Nutrient agar with Thorqton’s asparagine
| extract agar | crystal violet mannitol agar
Microbial group i T = ‘
’ 1 2 1 ’ 2 o 2
i | i L I
T ] l |
Aerobic bacteria ‘ i !
i !
Total 442 386 | 1 i
f l 67 i 43 | 211 260
Actinomycetes 52 | 94 i e 3 1 o1
Spore formers 100 73 |
°P ‘ 5 5 41 135
Gram-neg. rods 232 | 47 ‘ 1 .
Asporogenous | | 62 | 25 25 18
Gram-pos. rods & 60 | 68 ‘ ‘
Arthrobacter | i — | 10 | 133 10
Cocci — | 82 i
i i —_ J— —_ 5
Anaerobic bacteria ‘ ; |
i | _— | _— — —_—
Total 72 !1 50 |
{ i

*Not detected
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Table 2. Number of flax plant survived and of Clostridium sp. (x10*) and

Fusarium oxysporum f. sp. lini (x10%) in per gram of soil (pot
experiment).

___Intermittently wet |

| ~ Continuously wet
! /¢
i

O pewemcne] e numbes [ Colony umbrs
Cilsoosltartlglum | survived Clostridium| Fusarium ‘ Clostridium| Fusarium

L7 days 30 days 30 days | 7 days 30 days | 30 deys \ 30 days

: ‘ | N B R
a 0 104 16 100 71 520 | 8
b-g 0 7.2-10.8 19-32 71-89 44-85 17.0-61.0 l 12-17
CKy* 0 22 34 71 44 285 | 18
CKp** | 0 3.2 43 0 0 55 | a1

* soil pH 7.2, no external bacteria added.

#* soil pH 5.4, no external bacteria added.

g s AEROBIC
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S
)
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Figure 1. Number of antagonistic bacteria in the suppressive and conducive Soils.

Flax wilt was effectively prevented by all isolates of Closiridium sp. if the soil (
pH 7.2) was kept continuosly wet in the pot experiment (Figure 4 upper row). Intermi-
ttently watering (supplied once every two days) allowed the pathogen to destroy seedl-
ings, additionally, failure to maintain soil pH at 7.2 (Figure 4 lower row) allowed the
wilt development. The aerobic isolates could not prevent wilt by maintaining the soil
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(pH 7.2) in intermittently wet condition. Numbers of Fusarium propagules and Clos-
tridia in the potted soil as well as surviving flax plants are summarized in Table 2
according to treatment. The results show a clear relationship among the pathogen,
bacteria and surviving flax plants.

Figure 2. Inhibitory effect of five isolates of Clostridium sp. on Fusarium
oxysporum f. sp. lini.

Figure 3. Inhibitory effect of Closirdium sp. isolate a on various formae of
Fusarium oxysporum. A. Lycopersici, B. cubense race T. C. Pisi,

D. niveum, E. cubense race 1.
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Figure 4. Pot experiment by using four
isolates (isolate a, 0, ¢, and
ad) of Clostridium to control
flax Fusarium-wilt.

Upper row treatment: soil pH
7.2, with bacteria inoculated,
continuous wet.

Middle row treatment: soil pH
7.2, with bacteria inoculated,
intermittent wet.

Lower row treatment: soil pH
5.4> external bacteria not added,

continuous wet.

DISCUSSION

Change in water content of soil results in many physical, chemical and biological
alternations. Cook and Papendick ‘¥ have shown that Fusariuwm activity in soil was
changed markedly after only slight change of soil water content. Therefore, it is not surpris—
ing that arable soils with low moisture content are more prone to the wilt development.
Supplying continual moisture to soil has been shown to suppress seedling blight of
wheat caused by F. roseum f. sp. cerealis “Graminearum” ® , the damping-off of Ladino
clover caused by F. roseum®, and the stem rot of sweet potatoes caused by F.
solani f. sp. batatas® . Flooding of banana field leads to eradication of F. oxysporum
f. sp. cubense'® . However, the reason behind the suppression of Fusarium in the wet
soils has not been thoroughly investigated especially the role played by anaerobic
bacteria.

Soil management and ground water level probably are two main factors affecting
soil moisture. With regard to the soil management, application of a greater amount of
water in one field could affect the soil water content thereafter. Tilling practice,
variation in climate during rice harvest, shading, and soil percolation rate all affect water
content and hence affect bacterial antagonism in the soil. Other physical and chemical
parameters (e. g. organic matter) present in soils can be important in maintaining the
wilt suppressive nature of soil. More research is required in these areas.

Although the anaerobic isolates have not yet been specifically identified, they were
all spore formers. Their subsurface growth in agar media in air indicates that they be-
long to the oxygen tolerant Clostridium spp. These bacteria were present in both the
conducive and suppressive soils, but their number were much less in the former soil
type. In the pot experiment, Fusarium propagules increased remarkedly in wet soil
with a pH of 5.4. This indicated that water alone did not suppress the Fusarium.
Addition of Clostridium isolates to the potted soil increased the survival of flax plant,
especially in the pot with isolate @ added in continuous wet condition (Table 2 and
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Figure 4). The exact nature of isolate @ and whether the bacterium worked alone or in
concert with other bacteria in the suppression of the Fusarium is not certain at the
present time.

After passing the bacterial suspension (grown in one percent of peptone and glucose
soil extract solution) through a 0.22 mu millipore filter, the inhibitory effect disapp-
eared entirely. It appears, then, that the suppressive agent is either associated with the
bacterial cell or an unstable extracellular product. Many of these bacteria isolates, includ-
ing isolate a, produced abundant carbon dioxide, ethanol, ethylene and it’s derivatives.
These gaseous compounds are fungistatic(8, 10). Fungal growth was completely inhibited
if the Fusarium was grown on the upper lid and the bacterial suspension on the lower
lid of a petri dish. suppressive agents confined to the bacterial cells may inhibit the Fusa-
rium in the area adjacent to bacterial colonies. The gases which permeate the soil
are thought to be detrimental to the Fusarium.

Although other bacteria, including the gram-negative rods, showed no inhibitory effect
on the Fusarium in petri dish, their function should not be overlooked. A few also pro-
duce gases. By virtue of their highly aerobic characteristics they could create an anaerobic
condition in moist soil. Certainly, for the plant pathologist, the situation is further com-
plicated by the necessity to consider the tolerance of higher plants to the anaerobiosis.
The suppressive soil in the present study is a good example of interactions between host
tolerance and pathogen suppression.

Bacteria inhibitory to one forma of [I. oxysporum are also inhibitory to other
formae. But the inhibitory effect could vary with the forma of the fungi and the type
of the bacteria tested. Use of these bacteria to control Fusarium-wilt of various crops
in the field is proceeding.
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ECOLOGICAL STUDIES ON GREEN ASPARAGUS
THRIP,

Frankliniella intonsa TRYBOM IN TAIWAN

Chin-chuyan, Tang

Summary

Thrips tabaci Lind. was one of the seven asparagus thrips found in Taiwan which
had been reported in South America and Columbia. The other six species were first
discovered in Taiwan. The female of Frankliniella intonsa Trybom, was black brown
species and has been reported in Taiwan around 40 years (R. Takahashi 1935) . This
species was the synonymy of [lankliniella formosa Moulton. which was spreaded
around Europe and the coastal region of Asia.

Although Flankliniella intonsa Trybom has many different kinds of hosts, however,
green asparagus was the only host for the life cycle of this species. During dry season,
the adult and nymph could be found in the petals delicated buds and stems, even in the
sepals of delicated stems when hLarvested.

There are 22 generations in the laboratory observation around a year. But in the
field condition, the outbreak and reproduction could be affected by precipitation and
rainy period. Therefore, the population decreased or disappeared during rainy season. But
in dry season, the adults and nymphs fed on delicated buds at a number of averaged 20.

Egg, larval and pseudo-prepupal stage was only 1-3 days. The long-lived generation
was 16 days (2) and 15 days () the short-life was 7 days (£ %) and averaged 9. 2
days (2) as well as 9 days (&) . The longest longevity of female adult was 49 days,
and the shortest was 17.7 days. The female adult oviposited 11—76 eggs in the life.
Temperature influenced the oviposition and the favorite temperature for oviposition was
28°C.
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THE EFFECT OF TOPPING AND MH FOLIAR
APPLICATION ON YIELD OF ROOT AND
QUALITY IN Bupleurum falcatum L.

by
Y. T. Shyu
Summary

The objectives of this experiment were to find out the effects of topping and MH
(maleic hydrazide) application on the quality and root yield of a medicinal plant,

Bupleurum falcatum L. The experiment was conducted at Tahshue mountain during

the period of August 1974-July 1975. A Japanese variety of Bupleurum falcatum was

foliar sprayed with five levels of MH plus topping and no topping treatments.

1. It was observed that the topping treatment resulted in an increase of the indefinite
roots which reduced the root quality. Nevertheless, the leaf topping caused to increase
the root yield at a level of 2.9 g per plant.

2. Although MH spray resulted in a reduction of root yield, however the root quality
became better due to a reduction of the nember of indefinite root. The root quality
was found to be the best at 5000ppm of MH concentration.

3. The root saponin content was found to be higher in topping treatment but lower in

the MH foliar sprayed plots.
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