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(Genetic study on Semi—dwart Rice)
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Table 1. ZRERMEZ IR R AR

5oE s B R v * ) M LN
D-65-1 B orh 65 B | KR Slem o By BRI o

D-65-2 % rh 65 f v 85cm s SGEH o BEEAHLEN o

D-65-3 Z th 65 B D-65-1 X D-65-2 #%{Urh#EH » ¥k 30cm o
M-~65-5 B oth 65 % | FkE 77cm » 53BE8~1037 s fHZE

M-65-6 ZE rh 65 % v 8lem » SyBE10~203 » HEE -

D-8-1 ® OB 8 v 30cm » SYEEHKE 0 HHIE -

D-g-7 ® oM o8 B v 60cm o IEREIRI2-3HI4EAG

D-27-9 oM 27 9 u  30cm » SFEEL » WHHEE -

D-155-5 ZE o155 R 1 30cm ¢ HUE -

D-155-8 oo 155 B u o 6sem o SFBERE o MK THEE—BRERE o
D-155-43 #E b 155 B v 72em s RRK 0 EHREE » B -

C-2180 Z rh o155 3% v 60cm s HHIZE  HEES o

D-242-2 #Z OB 242 % i 30cm 9 Z}EES 9 30~503K -

P-123 Hrh 65 EAE v 104cm ¢

P:26 ZZrh 155 B " 142¢m e
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P128 ZERE46TE R #  110cmo

P176 WOR RO | ERRE o BET

7102 Nagao’s i % % 112em »

Hice 1 IR xC2180 1 Bdem v SYBES 9 HHZE o MEITE o

WL ERTRAZ AR RIBEREIURETE 2 E R RSB AR 0 BUSRREELRZ » &8
F,z Screening test, JHUE NILHE ZMARE:, Vo MRRINAEREEE » BAR » THRIER 25X
25cm, SEFIMENE 100 BRELE > Iy RR300BR L L » BRI RK — R ITIGIHEST o BB A B ~ 78
B~ BB BER ~ BB - A o

B ERpTIA LR  BRIRA Mather AN Powers K 2 54 BB R T » WHTFIAR
FHAHEA R AHER

VFZ"VE

Hertability ==y
F2

Vp,=Total F, Variance observed
Ve=% (Ve1+Ves)
rp=Phenotypic correlation coefficient.
rq=Genotypic correlation coefficient.
rg=FEnvironmental correlation coefficient.
Tp= Cfv'_i(y—.FjL
VVxF, « Vyl,
e ComyTrCongE
V' (VxF=VxE ) (VyF,-VyE)
r . Gove xyE
B VxEs VyF
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RBERREFREZZHRAO FHEKSEER B3 & 1 1 8208 Rt wmy lsm

ZEBRTHR—% ARBERT o mE 2

(@)% 3 Kl 1 —3 fim» (RIARERE AR P BE® RASESOER : 3%-1: 3
BT . 18R o BT T BB AR (Double recessive dwarf) s fjD-65-181D-65-25%
D-65-3, D-65-2 §i D-8-5, D-8-7, D-8-8, D-8-16, La-8-25, D-155-5, D-242-24 Fiiif foik
TRTRR o BE-65-1 Hd,Bl D-65-2 T D-65-3 £5d, » T4 A8 » R4 HIIMZSAE » 3ol
TR, » BREERET AR, AR5 2 o

Table 2. Segregating ratios for dwarfness in F,

! |
\ ! - ! Expected [ e
Cross ‘ Normal } Dwarf | Total | ratio 1 X P
E—
| |
!
P123 x D-65-1 201 3:1 | 0.202 0.5-0.7

BRI
|

P123 x D-65-2 \ 122 43 \ 165 3:1 | 0009 0.7-0.8



P13s8 x C2180

’ Plsé x D-242-2
Pi76 x D-155-3
P126 x C2180
Pi26 x M-155-5
7102 x D-155-5
7102 x D-8-9
7102 x M-8-7
D-65-2 x M-65-6

D-65-3 x D-65-1

238

242

236

241

220

297

217

167

179

62

61

74

80

70

101

78

66

60

300

307

297

315

300

295

233

239

3.004

2.199

3.153

0.382

0.444

0.362

0.030

0.327

1.275

0.002

0.05-0.10
0.10-0.20
0.05-0.10
0.5-0.7
0.5-0.7
0.5-0.7
0.8-0.9
0.5—-9.7
0.2-0.3

0:9-0.95"

Table 3. Segregating Ratios of Normal and Dwarf Types in F; Population of Crosses

among Dwarf Mutants.

Dwarf | Dwarf | Double
Crosses Normal | _ I -1 dwarf | Total E:;gteic(;‘.ed x P
D1-Ds~ | Dy-deds ?d1d1De- §d1d1d2d2
(D—65—-»1 x D-65-2 166 42 50 24 282 | 9:3:3:1. 5.042 0.1-0.2
D-65-1 x D-65-3 158 67 52 21 289 ” 3.338 0.3-0.5
D-65-2 x D-g-5 186 53 47 11 297 ” 6.713 0.05-0.10
D-65-2 x D-8-7 176 57 55 10 298 ” 4446 02-03
b—es—z x D-g-8 189 48 41 19 297 ” 7.920 0.02-003
D-65-2 x D-8-16 173 56 49 16 294 ” 1.353 0.7-0.8
D-65-2 x La-8-25 167 48 65 23 303 ” 3.457 0.3-0.5
D-65-2 x D-155-5 170 60 59 15 304 ” 1.076 0.7-0.8
D-8-1 x D-242-2 181 53 52 1 297 P 4.617 0.2-0.3




Fig.1. Two dwarf mutants de~
rived from Taichung No.
65 and their F; plants.
Left, D-65-1, middle F,,
right D-65-2

Two grassy dwarf mut-
ants and their F, plant.
Left, D-8-1, middle F,,
right D-242-2.

Fig.3. Four segregates in F,

from cross between
two dwarf mutants.
From left to right:
Normal, D-65-1 type,
D-65-2 type and new

double recessive type.
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Table 4. Sgregation for plant height in T,
Variation of plant height in cm | Segre~
Crosses Total | gation | X2 P
140 130 120 110 100 90 80 70 60 50 40 30 ratio

D-242-2 1 15 12 28
D-27-9 2 15 3 20
7102 4 12 11 3 20
D-242-2 1 4 30 105 64 8 7 5 32 29 3

x 229 69 298 3:1 0.441| 0.5-0.7
7102 (223.5) (74.5) )
D-242-2 20 62 16 2 2 1 26 48 3

x 102 78 180 | 9:7 0.011} 0.9-0.95
D-27-9 (101.3) (78.7)

TI02RTE% %M » RIS 100~110cm 745 » I RHEEE D-242-2 (§930~40cmes ) ez
B FyBTEEEE (100~120em) ; Fo B 740 ~140cm 2 i o BRE 2 4 e dhig » 2%

BEgs s ERESRERETER ) JEERS

LZHfl» 2R D-242-2% B — R R I R F BT

%] s % D-242-20 F—IBHSRHE D-27-9 sk » £ Fy MERTFEEMRS M BER9 + 7245
e BREEAT T0-110cm 2 » BEEH (A R30~50em) BE » ERENFERRBEELSRT
-» g (Complementary effect) o &EE D-242-2 X RTER d; d; D; D;, D-27-9 HFREED,
D, d, d;, EUE%E&#@%Z@?‘@% D, D, D, D, 58kkr BERNE], 4, D.-, D; - d, dy5 d, a
dy o, OSBRI O ¢ T e

5. SrEg BIET A

Table 5. Secgregation for number of tillers in I,

Variation of number of tiller Segre~
Crosses Total|gation | X2 P
5 10 15 20 25 30 35 40 45 50 55 60 65 7075 80 ratio
D-242-2 2 1 4 3 2 1 i1 2 3 2 21
D-27-9 1 1 1 1 2 3 1 2 1 13
D-g-1 1 2 1 3 3 4 5 1 1 20
7102 29 1 30
D-242-2 142 86 5 11 22 12 9 6 2 3 1
x 233 66 299 | 3:1 1.363| 0.2-0.2
7102 (224.25) (74.75) )




]
- D-242-2 [ 14 65 23 10 9 10 10 10 158 3 2 | v
x 112 60 172 | 9:7 ’5.4950.01—0.2
|

2-27-9 / (96.75) (75.25)

D-8-1 33117 17 7 8 20 24 19 14 8 5 3 t 1 1
174 ) 104 278 | 9:7 | 4.5380.02-0.05

b4
D-242-2 (156.4) (121.6)

71022 53 BERE 537 45 0 {H D-242-2, D-27-9 T D-8-14508 IR 2 55 ”‘%@F%%’ N R25—
0% 2 ) o B 8 T10288 53 BE £ 1y D-242-25781s » 7E Iy 5 BEM0D » (BAE Fo UTHER 3 588
1 EES 2 ILH o BERS BER—BURMER o (BERTIR R L — SR AT RIE » SRR
BERT B s o R n R (m D—242—2XD~27*9) B (D-8-1xD-242-2) » V' ,IEH
(I 2) 2BEml0—1437 R » HF QI HER 9 D Bel 7 £ 5282 el » FNsr B4 SR HE SR 73 BE I
ZEERTRAE > M EALMIE
#o6. MERZEHEETSH

Table 6. Segregation for panicle length in I,

Variation of panicle length in cm ‘ !Segre—
Crosses Total |gation X2 P
i 28 26 24 22 20 18 16 14 12 10 8 6 4 2 ratio :
D-g-1 6 5 10 2 2 1 26
D-242-2 _ 1 15 6 4 2 1 29
D-27-9 3 10 7 20
‘D-g-t 1 5 28 60 42 13 7 6 3 9 51 3 10 2
. X : 149 119- 268 9.7 0.049| 0.8-0.9
D-242-2 (150.8) (117.2) :
- D-242-2 1 13 24 32 16 6 5 16 32 16 1
x 92 70 162 9:7 0.020; 0.9~0.95
D-27-9 (91.1) (70.9)

TR O TUAEAR AR FPERARE AR » B TR B R R BIRIEF MR » BAEREHEAK
WS (FE2) » LASESEFHEAEER_E HILAR 9 : 7 RrREZMEE LML
EERT TR ° ;
I~ SREIEERENEL  MEE _REEE %‘“f%&*ﬁ%ﬁ;iﬂ”‘”
PR BR A BEER S BE A TEREARR o TUEITHEAS » IR Vo2 RO AT Bl o i
#Zs (Heritabililty) R 3E{E A (genetic correlation) o 344 ﬁp-}-,%*:%mj/\% 7—9 o
#F1. P, Py, Ty HEBERETIHE

Table 7. Means of five agronomic characters of the parents and their coresponding

F, popp_lations in eight rice crosses.

\ |
Parents P123 | P176 H1061D 65-2 | M-65-5 | M-65~ 6"D 155-5|D-155-8 | D~155-48
) ) . -
. I i
Heading date (days) ’ 98 103 | 98 ‘ 88 | 98 | 92
1 i |
Plant of height (cm) | 104 | 111.9) 549 714 779 | 812 | 672 | 66.2 | 72.9




Number of tillers 12 ‘ 9.2}; 19.7/ 138 ] 11.9 16.5 16.3 l: 22.2 ‘( 13.6
Number of panicles 10.2] 8.4 128 128 10.9 14.6 134 ‘t 16.9 11.4
Length of panicle (cm) 19.5| 23.1| 142 129 17.2 14.9 14.3 i 15.2 “ 13.2
Crosses P123 | Hi06 |D-65-2| D-65-2| P176 |D-155-5 Pi26 |D-155-48
(F2) D-55-2 | D-65-2 | M-65-5| M-65-6 [D~155-5| D-155-8| D-155-48 | D-155-5
Heading date (days) 88 80 82 88 88 86 84 82

Plant of height (cm) 94.8 81.3 81.2 83.6 80.5 89.5 82.9 83.3
Number of tillers ‘ 115 13.0 13.1 11.6 114 | 115 10:1 11.5
Number of panicles ‘ 10.0 10.9 11.7 10.3 8.9 9.6 9.1 109
Length of panicle (cm) 18.1 17.0 16.4 17.8 19.3 . 1910 19.0 17.2

Rz P & BB (AT BB B~ 258G T BES) » BB T RmER
B (BEELBARE F 2 FEEBRED o GIIERAZER BBARN 88~103 X HEF, AR

82—86K » H A& MM AN A R RS o

8. HWEHRZBHE

Table 8. Heritability estimates for five agronomic characters in various crosses

\ T -
D-65-2 | D-65-2 | D-65-2 | M-¢5~5 | Pi76 | P176 Pi76 | D-155-48
Crosses x x x x X X x x
Hi06 | P123 |M-65-5| M-65-6 |D-155-5 |D~155-8| D~155-48 | D~155-5
Heading date (days) 62.3 | 60.6 65.3 68.1 67.5 64.3 628 | 664
Plant height (cm) 85.0 78.0 48.0 95.8 86.3 80.5 84.0 89.0
Number of tillers 0 353 35.0 4.1 0 26.7 41.2 43.0
Number of panicles 48.0 0 55.0 0.8 13.1 40.1 0 0
Length of panicles (cm) 38.3 795 | 723 54.1 46.0 85.7 78.8 71.2

% g & AR G AT AT VM2 BEAIE ) A62.3~08% » FRiEGAI A [R48~96% ) o
o Bk ) AA~43% o FEERIAR0. 8~542 » R QIR 1138~80 % Flanik sy 4480 » BB St

y Fofth % PR A ITRE ©

% 9. HHEREZEEHEREEEAER

Table 9. Phenotypic, genotypic, and environmental correlation coefficients

between Characters of ¥, populations.

Correlation coefficients

Characters
correlated 77&4‘”1;-7-76;—;; P1;3 T 7.1:1276 ;D—155—5 ‘ k P176 x D-155-8
IP rc IE IP G IE IP Iré IE
Plant height and
number of tillers 0.7191% 01017 0.0299 —0.4232  0.9586%* 02467 —-0.4177 - -
number of panicles | 0.0199 - 02813 | 0.3973% - 0.1188 |-0.1506 - -



{
length of panicle | 0.4139% 04719% 02007 | 0.9443%% 0.7133%F 00638 | 0.5001%* 0.5456%* 0.3342%
\‘

Number of tillers and ) ‘ 2
| |

number of panicles | 0.8648%%-0.6405  0.8147%% 0.7651%% ~ = 0.1241 ; 0.4809% - -

length of panicle |0.0441 0.3422% 02079 -0.3680 - 02220 |-0.2395 - -
Number of panicles ‘ ) ’

and

length of panicle ‘—0.44-78 - 0.2228 | 0.00298 - 0.2813 -0.0288 —0.1951  0.2002

*  Significant at §% level

*k  Significant at 1% level

D-65-2x PL23HIET » BREERA A ZBIEMM (rp) H5 2 10 —0.79 » (SRR (ro)
50,1017, BB EEHIRD (re) £0.0299 € o B P176x D-155-5, || rp=0.423, re=0.246,7ff r¢
=0.938, it % » TMEHHFRRE AR AR Z IS WS R /54 MR~ R s
LTI ©

m -~ & am

ARERITRRRREN > FERFARRS KN BIES » EELASEE 3 8 : 1 Bz
P EWFH AR Ky B9 3 3 12 RIS TR —HIE R E T P
o AU AR IAERT » By HI00 20 » SBERTH o (B 8 1966) 24} Rt & 554552
BERT (d) RS E2 CEREERERE TR MG EREE - H106 P d. BEAES T
#1% (Linkage group) » BELAISAMEIEERN T 1A MK IER T ph %45 MBI » KPR H
R T > B e, g B pi 2 MISREE] S BB » —ERZEEABEE8E I o Nagao and
Takahashi (1967) Bk igFAEd - dVESREEAT » H7E Linkage mapyfiz & 7R HA
B o ABIZEF 24 d BBRTREN HAR gene marker 75 » DARRE A B 2 R M S R F e
Bl Nagao and Takahashi (1967) gy#aRE » B LB EAE SR o

AP @I IR WA Py R Py SRR S MRS MBS S D-242-2 D-
27-9, 8 D-8-1xXD-242-2 P4 » FalfiG 2 3R 0 ¢ 7 » SRR Bog ~ R~ SRR LA
29 TR WESEEE RS IR TR TR T@EA (Complementary offect
) R o MFBMN TR Z W EHRE TR0 » TS T BT 4 @HUE (Pleiotropic
effect) WEPTH o WIEBIHREHEIEHEN » B SIEK S REBEA S 2 AT RE A R
EATIR o BURMER RGN L2 550 0 2 d T S8 A2 WSS AT |- pw RAE—
B -

SRR ~ TR B AIE  VN0—95% 1 4y B RE R SR A (AR0—55%) » 4
HBREBTREE DR RSORE o ILRE (1964) 23tk A0 o PR 2 MR — %
A H ISR BEZ HEH R B B R R R R s 5 BAEEERY LIS AR o RAeAW
RARERE A ERE 2 BN RBS TR RE L EEARFREZHETAMAER » ®
HERERRK BB IRER o

A~ =

RO BRI R T R PR L i s R i » TR o B B RS AR
BORBEEZ H1TAE 6 HRIE SR HIA o LARESAS ShiB R E SRR R F DR IER » TR 3 B
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PR A ERERREAR FEEE RASBBIER : 3 8—T8 : 3/&—IH: 14
FRE ] o BRI SEIRMEIER (Double recessive dwarf) JUEBR TR, d; o HERREE
R T B AR TR SRR 0 B H106 £ dyp TiSh » Hifh d & 5RHE BB R A RIS o
EIERAHE (D-242-2XD-27-9, D-8-1xD-242-2) A » BRi ~ TEE ~ s~ T
BSEERRAE F, 283 (Binodal Curve) 24 » HH MG IE9 1 724
WL ) RTRRNREEERT 2 EMEAZER RSB RAEMMGKRE » RERSEEERZE
BRREEZZEREERT 2 4B E pE -
REAEER HE > BEZBEEES » AN 40~95% » B EBREBRIRIE » /1R 0—-55%
y R BATAR ; BEENARECEASTRME ; BEANIBEL BEA KX  AHEPER
EREEERARA SR BERER IEREEEERRNZIRE

R-BEXR

Lo BEER « XREKEEEERS pE » BEFR@): 1—5. 1959.
REK  BEEBKEETEARRE  BREREREARZPE o BERHE - 130): 1-13,
1964.

3. WSCH ¢ fR AL EEELICH o KABFITE » 128~142. 19670

4. FEZH: EEBEEL e BIEBEE 16 (9.10) :255-265. 1968 ¢

5. HSIEH, S. C. and S. T. YEN: Linkage relations of an induced dwarfness gene d,; (Genic
analysis in ricé VII. ) Botanical Bulletin of Academia Sinica7(1): 81-87. 1966.

6. NAGAO, S. and M. TAKAHASHI: On the nature of genes for the dwarf of rice plant,
(Genetical studies on rice plant VI) seibutu, 1(1):27-35,1946.

7. NAGAO, S. and M. TAKAHASHI: The order and distance of some genes, belong to Pl-
linkage group (Genetical studies on rice plant XIV Jour. Plant Breed 1(4):237-
240, 1952.

8. S. T. YEN, M. H. LIN and S. C. HSIEH: Linkage relations of another induced dwarf-
ness gene dy. Bot. Bull. of Academica 9(1): 69-74, 1968..
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- GENETIC STUDIES ON SEMI-DWARF RICE
by

Te-mei Chang

Summary

Sixteen semi-dwarf mutants of rice induced by irradiation were analyzed regarding nums
ber and types of genes involved. It was found that each dwarf strain is controlled by a single
recessive gene. When two dwarf strains were crossed, F; was normal, F; segregated into 9
normal: 3 dwarf-I: 3 dwarf-II: 1 new dwarf. It is suggested that different semi-dwarf strains carry
different dwarf genes which have cumulative effect on plant height, so that the new dwarf
is considered to be double recessive.

Agronomic characters such as plant height, panicle number, number of tiller, panicle
length etc. were studied with the F, segregating populations. A 9:7 ratio regarding the
above characters were found. Based on the segregation ratios and correlation coefffcients bet-
ween characters, it was assumed that dwarf gene d may have pleiotropic effect’ on above
mentioned characters. Heritability of these characters was high ranging from 40 to 95%,
indicating that selection for these characters is effective. Lower heritability value for tiller
and panicle number ranging from 0-5595 were estimated. Since the number of tiller
and panicle are éontributing factors to yielding ability selection must be very careful for

these two characters in breeding high yielding rice varieties.

£
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—UIFER BRSO ET > Fo BT HMA ~ BRI » AET7E584 4 = s
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TS RLRE > DAL BO s Rk o

Lo Py BB B 25 sl
PSR R E Al Fy 8 T3 DU IR My 'y 420 HEmasi i F5Es)
WFE— o Fy RELMEIT BAE MM S Fy BT LB HRaer » T s sl — o F, 4
BELS B A (R 2 R ARAT ARSI B, P 400 R R o P o A AT 2 e » HEEBER S T
EFIMNERS o hFR—RETLIE » DU (Rt A8 (Ee HARBERRZIRAZR
B TERE ~ BRI o DU (IR B 2 KR » SRS RS et > =
FL— o MEZRRAE ) —FRBIED » FHRE 3 ~128] o RRBAERETHE (1961) e

BUERREE (1969 ~ 1970) BTRRERAL REEEE o

E~ARBEREFES

R uﬁﬁﬁ%&ﬁ%%’ﬂﬁﬁigﬁﬁﬁ#2¢%ﬁ

| BrhERK 1 58 X CP231

24255 X IRP-60 C223 XPiro4
B T 3 TN
P, P, Fy Py P F; P, P F,
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VARIABILITY OF SOME AGRONOMIC TRAITS
IN THE F3 POPULATIONS GROWN BY

GENERATION ACCELERATION METHOD OF RICE
S. C. Yang

SUMMARY

F, gencration of the crosses, Taichung native 1 x CP 231, Chianung 242 x IR 9-60, and
(223 x Pi No.4 were raised by both “Gensration Acceleration Method” and conventional one,
and F; populations were continuously grown by the same method as their respective Fy; popu-
lations. At the samec time, ¥, populations derived from different methods were grown together
in the field by the conventional method. The general performance as well as variability of
some agronomic characters in.the above mentioned Iy populations were investigated.

The growing conditions of the “Generation Acceleration Method” greatly reduced the means
of all characters except that of heading date when compared with those grown by the conven-
tional method. When two F; populations of different origin were grown together in the field,
they appeared to have similar heading date but the plants from the “Generation Acceleration
Method” were slightly shorter with more panicles per hill and heavier grain weight per hill in
comparison with those of from conventional method.

Variance and coefficient of variation for agronomic traits differed slightly with growing
conditions. For example, variance associated with heading date in the F, populations grown
by “Generation Acceleration Method” was considerably greater than those of conventional method.
When two Fj populations of different origin were grown together in the field, it was observed
that in the cross of Taichung native 1 x CP 231, variance and coefficient of variation of agro-
nomic traits were larger in the F; population derived from “Generation Acceleration Me-
thod” than thosc from the conventional method, *thereas in the cross of Chianung 242 x IR 9=
60, the opposite situation prevailed. In the cross of C 223 x Pi No. 4, however, F; popula-
tion of “Generation Acceleration Method” had smaller variance and coefficient of variance and
coefficient of variation in heading datc and plant height but had larger variance and coefficient
of variation in number of panicles per hill and weight of grains per hill than F,; population
from conventional method. The difference in variance and coefficient of variance between two

F3 populations of diffc rent origin was generally small, indicating that hybrid population
treated with “Generation Acceleration Method” may have the same variability for the agronomic

traits as that handled by the conventional mecthod.
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'THE EFFECT OF WEEDS ON RICE IN
PADDY FIELD

1. WEED SPECIES AND POPULATION DENSITY

W. L. Chang

Introduction

Weeds in transplanted rice arc customarily controlled by hands in Taiwan. Recently,
however, due largely to the rapid industrial development, farm labors needed for hand weed-
ing are becoming increasingly scarce. As a result, interest in controlling weeds with herbi-
‘cides in transplanted rice has greatly increased among rice farmers. The understanding of
the factors affecting the degree of damage caused by different weed species in transplanted
rice is necessar)‘f‘if chemical weed control is to be practiced effectively and economically.
For this reason, a series of experiments were conducted at the Chiayi Agricultural Experi-
ment Station to obtain the necessary information. This paper presents results of the first
experlment whlch evaluates the effect of populatlon density of several major weeds in trans-

4p1anted rice.

Materials And Methods

The experiment was conducted on the clay pots in the screen house of the Chiayi Agri-
cultural Experiment Station in the first and second crops of 1968. The variables included
two iévels of fertility, five species of weeds, aﬁd three population densities for for each
weed species. Two levels of fertility were low and high by applying 80, 40, 40, and 160,
‘30 80, kg per ha of N, P,0;, and K,O, respectively. Five species of weeds used in this
expemment were Echinochloa crusgalli, Monochoria wvaginalis, Cyperus difformis,
| Marszlea quadrifolia, and Spirodela polyrhzza Three population densities of weeds were
Q, 3 weeds per pot or about 100 weeds per m?, and 6 weeds per pot or about 200 weeds per
m?2, .
One Seedling of the japonica rice variety, Chianung 242 was transplanted in each clay
pbt with surface area of 314 cm? Weeds were planted around rice seedling right after the
transplantmcr of rice. For Echinochloa crusgalli, Monochoria vaginalis, and Cyperus diffor-
mis weeds with four to five leaves were used whereas cutting with one node was used for
Marsilea quadrzfolza. For Spirodela polyrhiza, fully developed wesds were used.

The experiment was laid out in a randomized complete block design with three replica~-
tions. The plots were represented by individual pots. Data for grain yield and components
of yield were recorded for the evaluation of the damage of rice caused by weeds which was
expressed in the percentage of weed-free check treatment.

The first crop was transplanted in March 14, 1968 and harvested in July 9, 1968. The
second crop was transplanted in July 19, 1968 and harvested in October 28, 1968, The
climatic data of the station for 1968 are presented in Table 1, .
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Table 1. Climatic data of the Chiayi Agricultural Experiment Station.

) Rainfall | Number | Relative | Number of | Solar Temperature (°C) ™~
Month qf ‘ humitiity i‘;ﬁsrlsﬁne rac_liatli/on 2
rainy gr—cal/cm »
(mm) day . v’v(%) |(hrs/month) /month MaximumMinimum | Mean
January 11.1 5 76 77.6 7,084.0 21.0 12.3 16.6
February | 1610 20 87 38.3 4,822.9 16.7 11.4 14.1
March | isa | 9 70 116.2 8,092.2 244 15.6 20.0
April ' 19.6 6 71 886 10,722.1 26.4 18.1 223
May 2454 9 69 58.6 9,208.5 30.1 223 26.4
June 5892 | 18 70 703 8,294.5 30.8 23.4 274
July 292.8 13| e | 1320 9,809.3 | 322 254 28.8
August 2484 | 15 e 77.8 9,562.5 32.1 25.7 289
September | 2276 | 9 74 85.4 8,186.5 | 306 | 242 27.4
October 1272 6 | 10 122.8 85446 | 279 | o8 | 239
November “9 o | e | 1151 7,677.4 27.0 16.8 21.9
December - ) 0 ; 63 | 1127 6,686.1 26.0 15.9 20.9

Results And Discussion

The effect of Weed on che Yield

The gram yield of rice in the plots infested w1th different weed specws and population
densities was expressed in percentage of weed-free treatments ( Table 2) It was observed
that Echinochloa crusgalli reduced the grain yield of rice by 84.9%. A yield damage of
90% was also reported for this weed (IRRI, 1968). Cyperus dszormzs, Marszlea quadrz—
folia, Monochoria vaginalis, and Spirodela polyrhiza reduced the grain yleld of rice by 71.7,
62.0, 61.7, and 9. 0%, respectively. Difference in grain yield of rice among five species
of weeds was highly significant (Table 3) . As Echinochloa crusgalli, and Cyperus diffor-
mis usually grow as tall as rice plants, it appears that effective competitlon of these weeds
with rice for solar energy may have resulted in the significant yield reduction of rice. Black
et al. (1969) proposed that competitive ability depends on the net capacity of a plant to
assimilate carbon dioxide and use the photosynthate to extend its foliage or increase its
size. They also reported that the so-called “efficient” plants possess the ability to fix CO,; at
higher rates and become relatively more competitive as light intensity incredses. Since rice
was found to be a “non- efficient” plant whereas Echinochloa crugalli, an “efficient” one,
it is not surprising to note’ that rice suffered a great loss of vyield when it was grown

with Echinochloa crusgalli,
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Table 2. Yield performance of rice in percentage of weed-free treatment

) ) Crop ‘High fertility (%) Low fertility (%) Average (%)
Weed species season 100 200 160 200 100 | 200
weeds | weeds | Mean | weeds | weeds | Mean | weeds | weeds | Mean
/m? /m? /m? /m? /m? /m?
First 14.5 8.2 11.4 23.1 9.8 16.5 18.8 9.0 13.9
Echinochloa .y .
B Second | 13.0 9.4 11.2 28.6 13.9 213 20.0 1.7 15.9
Crusgalli
Mean - 13.8 8.8 11.3 259 11.9 18.9 19.8 10.4 15.1
N : i
First , 68.8 64.3 66.6 74.6 347 | 547 71.7 49.5 60.6
Monochoria ‘ ] )
: Second | 16.0 15.5 15.8 18.8 13.5 16.2 17.4 145 | 16.0
vaginalis f
Mean | 424 39.9 41.2 46.7 24.1 35.4 44.6 32.0 38.3
|
\ First | 264 | 186 | 225 | 509 | 422 | 466 | 387 | 304 | 346
Cyperus :
Second | 19.1 12.4 15.8 46.5 9.8 28.2 - 32.8 11.1 22,0
difformis
Mean 22.8 15.5 19.2 48.7 26.0 37.4 35.8 20.8 28.3
First © 435 ‘38.3 409 54.9 12.7 33.8 49.2 25.5 374
‘Marsilea -
Second ~47.8 25.7 36.8 45.3 35.5 40.4 46.6 30.6 38.6
quadrifolia
Mean 45.7 32.0 38.9 |. 50.1. 24.1 37.1 47.9 28.1 38.0
First 91.5 89.6 90.6 89.6 73.4 81.5 90.6 81.5 86.1
Spirodela
Second 94.8 96.7 95.8 104.9 86.5 95.7 99.9 91.6 95.8
polyrhiza :
Mean 93.2 93.2 93.2 97.3 80.0 88.7 95.3 86.6 91.0
First 489 | 438 | 464 | 586 346 | 466 | 538 | 392 | 465
Average | Second | 38.1 31.9 35.0 48.8 31.8 40.3 43.5 319 37.7
o Mean 43.5 37.9 40.7 83.7 33.2 43.5 48.7 35.6 42.2

Marsilea quadrifolia and Monochoria vaginalis never grow too tall and they compete
for light with rice only during the early stage of rice growth. Therefore, the effect of these
weeds on rice may come largely from competing the utilization of soil nutrients with rice
plants. An investigation conducted by the International Rice Research Institute also indicate
that the nitrogen content of Monochoria vaginalis was higher than that of Echinocnloa
cfusgalli(IRRI, 1968). Spirodela polyrhiza, a floating weed commonly found in the paddy
field, . caused very slight damage to rice and treatments infested with this weed did
not differ significantly with weed-free treatment in their grain yieid of rice. Although this
weed is not easily killed by chemicals, the control of this weed is probably of minor import-

ance from the practical standpoint.

i
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and second crops of 1968.
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L.S.D.

Source of variation D.F. S.S. M.S. F. —_——
' 5% ‘| 1%

Treatment 59 21,746.44 368.58 21.19% 1.21 1.32
Crop seasons (CS) €)) 529.76 529.76 30.46%% 3.92 6.84
Fertility levels - (FL) N ¢))] 1,593.70 1,593.70 91.64%% 392 | 6.84
Weed species (W3) i ) 4 8,248.52 812.13 46.70%* 244 3.47
Population densities (PD) (2) 9,789.28 4,894.64 281.46%% 3.07 | 4.78
CS x FL Y] 1.61 1.61 0.09 3.92 <] 6.84
CS x WS (4) 1,190.66 297.67 17.12% 244 | 347
CS x PD (2) 524.75 262.38 15.09%% 3.07 4.78
FL x WS (@) 44159 11040 6357 | 244 | 347
FL x PD (2) 536.93 26847 1544%% | 307 | 478
WS x PD (8) 3,112.28 389.04 22.37** 2.0t 2.66
CS x FL x WS ‘ (4) 102.69 25.67 148, '2v.4v4‘ 3.47
CS x FL x PD L@ 35.06 17.53 10t 3.07 .| 478
CS x WS x PD (8) 160.13 20.02 1.15 .| 201.| 266
FL x WS x PD (8) 346.91 43.36 2.49% 2.01 2.66
CS x FL x WS x PD - (8 132,57 16.57 0.95 2.C1 2,66
Erfor ‘16 2,017.53 1739 | :

* Significant at 5% level. ** Significant at 1% level

Population density of 100 and 200 weeds per m? reduced 51.3 ‘and 64.49 of grain yiéld
respectively when compared with weed-free plots, showing that weed population-of higher than
100 weeds per m? was capable of causing drastic reduction in grain yield of rice. Population
density of higher than 100 weeds per m? may occur frequently for broadleaved and sedge
weeds but is rarely found for grassy weeds even in the heavily infested "paddy field. For
example, 480, 200, and 80 weeds per m? were counted in the' unweeded plots for
broadleaves, sedges, and grasses (Chang, 1969). This situation makes the selection "of
herbicides highly important. It is necessary that herbicides should be selected on the
actual infestation of weeds in the paddy field to insure best control of weeds. It also uppeai‘s
useful for more expensive grass-controlling herbicides to be combined with cheaper phe-
noxy herbicides to obtain a better control of weeds in rice fields of Taiwan. A

The reduction of grain yield caused by Echinochloa crusgalli and Cyperus difformis
was greater in high fertility treatments while Monochoria vaginalis, and Spirodela pbly-—
rhiza reduced more yield in low fertility treatments. The fertility levels x weed species
interaction was also higihly significant (Table 3), indicating that the degree of damage
caused by weeds differed with levels of fertility. It appears that weeds such as Echinochloa
crusgalli and Cyperus difformis, which compete highly with rice for light are likely to
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comete more se&erel}} with rice 1n the paddy field applied with high rat'e of fertilizers. In
the paddy field applied with low rate of fertilizers however, weeds such as Monochoria
vaginalis and Marstlea quadrzfolza, which compete more for soil nutrients may have more
Profound effect on rice. v '

The effect of weeds on rice also varied with c¢rop seasons as reflected by a highly signi-
ficant cro‘p' seasons X weed species interaction. Echinochloa crusgalli and Marsilea quadri-
folia reduced yield‘rh‘(')re or less"similarly “in both crops’ but Monochoria” vaginalis and
.Cﬁiperus difformis were found to ¢ause heavier demage to rice in the second crop than-in the first
one. Since -temperature during the early stage of rice growth varies greatly with ‘erop sea-
sons (Table.1) ,difference in ..weed damage to rice with crop seasons may be related to the
response of weed growth to temperature. Echimochloa crusgalli grows equally -well under
both cold and warm.growing condi.tions but Monocharid vaginalis apparently requires high
temperature for its good establishment. In the first crop, Monochoria vagmalzs grows
poorly because of low temperature and is not llkely to have severe. competition w1th rice.
However, in the second crop when high temperaturc becomes available for its growth, it
competes vlgorously w1th rice for essential growth factors. As shown in Table 2, Monochorza
vagznalzs “caused only 39.4% yleld reductxon in the first crop but in the second ohe, it
raised ke percentage of yield Teduction to 4s high as £€4.09% which was comparable to that
of Echinockloa crusgalli, the most destructive weed of rice. As Monockoria vaginalis is
the -most- predominant weed of transplanted rice in Taiwan, its potentiality as a serious

weed in the second crop can not. be underestimated.

The Effect of Weeds on Yield Components of Rice

The average performance of the four corn'ponents of grz;,in"‘yieid of ricé in theé percentage
of weed-free treatment is shown in Figure 1. The number of panicles per plant suffered the
greatest damage which was followed by the number of grains per panicle but thel00-~grain weight
and the fertility percentage were only slightly affected, indicating that the reducton of grain
yield of rice caused by weeds may be largely attributable to the decrease in the numt)er of
_panicles per plant and the number of grains per panicle. Since weed competition with: rice
.was repoited to be most serjous duriné the first 30 days after emergence, of weeds (Show
and Danielson, 1961), and this period also correspends to the active tillering: stage of ‘rice
44plants, it i‘s quite understandable that the number of panicles per plant was most susceptible
to the attack of weeds among four components of yield. & ‘ . o
‘ The number of panicles per plant was most severely affected by Echinochloa crusgalll
while Spirodela polyrhiza showed only slight suppression of rice tillering in both crop sca-
sons. Cyperus dszormzs, Marsilea quadrzfolm, and Monochoria vag:malzs rcduced more
_tlllers in the second crop than in the first one, suggesting that competition was more serious
‘m the second crop when high temperature was avallable for weed growth durlng the trllermg
“stage of rice. The significant difference in the reduction of the number of pamcles pcr
plant in different crop seasons for Monochorla vaginalis agreed closely with that
of the reduction of rice yield.b This observation appears sufficient to emphasize the

importance of this weed in the second crop of rice, Population density of 100 weeds per m?



taused a drastic reduction in the number of panicles per plant for most weed species but

except that of Marsilea

difference between 100 and 200 weeds per m? was rather small

Echinochloa crusgalli and Cyperus difformis
reduced more tillers in high fertility while Marsilea quadrifolia and Monochoria vaginalis

fertility level.
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caused more reduction of tillers in low fertility level.
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The effect of weeds on the number of grains per panicle was similar to that of
the number of panicles per plant in the first crop. The response of this trait was rather ir-
regular in the second crop simply because plants with less tillers produced more grains on
cach panicle. Thus, the number of grains per panicle maynot be a clear indication of the
real damage of weeds when the number of panicles per plant or hill has Dbesn greatly affected.
There was practically no trace of weed damage on 100-grain wcight and the percentage of
fertility. Apparently, the wave of weed competition was too weak to hit these two charac-

ters which develop at relativey late growing stage of rice.

Summary

The effect of weeds on rice was evaluated on five species of weeds at 3 population densi-
ties and two fertility levels in the first and second crops of 1968. Echinochloa crusgalli,
Cyperus difformis, Marsilea quadrifolia, Monochoria vaginalis, and Spirodela poly-
rhiza reduced grain yield of rice by 84.9, 71.7, 62.0, 61.7, and 9.0%, respectively, Popu-
lation density of 100 and 200 weeds per m? reduced 51.3 and 64.49 of grain yields, respect-
ively when compared with weed-free treatment. Echinochloa crusgalli and Cyperus diffor-
mis reduced more grain yield of rice at high fertility level while Monochoria vaginalis
and Marsilea quadrifolia caused more damage at less fertilized field. Echinochloa crusgalli
and Marsilea quadrifolia reduced grain yield of rice more or less similarly in both crops but
Monochoria vaginalis and Cyperus difformis caused heavier damage in the second crop. The
number of panicles per plant suffered the greatest damage, followed by the number of grains

per panicle but the 100-grain weight and the fertility percentage were only slightly affected.
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THE EFFECT OF WEEDS ON RICE IN

PADDY FIELD

I. STAGE OF WEED EMERGENCE

W. L. Chang

Introduction

In the first experiment conducted in 1968, it was observed that the degree of damage
- caused by weeds in transplanted rice varied with weed species, population density, crop
season and fertility level (Chang, 1970) . In this experiment, weeds were planted right
" after the transplanting of rice with assumption that weeds emerged at the samé time of rice
transplanting. However, weed damage to rice may differ if weeds emerge at different rice

growing stage. Early-emerging weeds are likely to cause more damage to rice when rice
plants are still small, whereas late-emerging weeds may not have such heavy competition
with rice because rice plants at that time are already well established. The understanding
of the damage caused by weeds emerged at different rice growing stage may provide usefu
information for the planning of an effective and economical weed control practice. This
paper summarizes the results obtained from the second experiment which measures the effect of

stages of emergence of some major weeds in transplanted rice.

Materials and Method

The experiment was conducted on the clay pots in the screen house of the Chiayi Agri-
cultural Experiment Station in the first and second crops of 1969. Two levels of fertility, three
weed species, and five stages of weed emergence were arranged in a randomized complete block
design experiment with three replications.The plots were represented by individual clay pots
with surface area of 314 cm?. Low and high levels of fertility were represented by the appli-
cation of 80, 40, 40, and 160, 80, 80, kg per ha of N, P,0;, and K,0, respectively. Three
weed species, Echinochloa crusgalli, Monochoria vaginalis and Cyperus difformis were
employed to represent grassy, broadleaved and sedge weeds, respectively. Five stages of
weed emergence were 15, 30, 45, and 60 days after rice transplanting in the first crop and
10, 20, 30 and 40 days after rice transplanting in the second crop, respectively, by planting
four to five-leaf stage weeds at the given rice growing stages. A standand weed-free check
treatment was included for comparison. Population density of weeds was three weeds per pot
or about 100 weeds per m?.

A japonica rice variety, Chianung 242 was used to evaluate weed damage on rice. One
rice seedling was transplanted to each pot. The first crop was transplanted on January 31,
1969 and harvested on June 19, 1969. The second crop was transplanted on July 27, 1969 and
harvested on November 2, 1969. Data for grain yield and components of grain yields were

recorded for the evaluation of weed damage to rice which was cxpressed in percentage of weed-
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frec check treatment.

Results and Discussion

The Effect of Weed on Rice Yield

. The average performance of rice yield in percentage of weed-free treatment is presented
in Table 1. It was found that average yield of rice corresponded inversel »with stages of weed
emergence. Difference in rice yield among stages of weed emergence was significant at 19
level (Table 2). The percentages of yield reduction were 60.5, 29.5, 13.5, and 1.9% for
the first, second, third, and fourth dates of weed emergence or at 15 (10), 30 (20), 45 (30),
and 60 (45) ‘days after rice transplanting, respectively. In the previous ‘experiment, 72.8%
reduction of yield waé recorded for the same weeds emerged right after the transplanting of
rice (Chang, 1970) . These observations clearly indicated that early-emerging weeds tend to
cause more damage to rice than that of late-emerging ones. The control of the early emerg-

ing weeds appears, therefore, more important than that of the late emerging ones.

Table 1. Yield performance of rice in the percentage of weed-free treatment.

i Echinochloa Monochoria Cyperus
Crop St;lv%ee dOf crusgalli vaginalis difformis Average
seasom O x| HE* | LF* Mean | HF | LF Mean| HF | LF Mean| HF | LF Mean
: (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) ’ (%) | (%)
- o | o
15 13.8 15.9] 14.9] 49.7) 57.4 53.6, 30.8 20.0 254 31.4t 31.1 313
30 30.5| 26.3] 284 746 89.3 820 63.8 352 495 563 503/ 53.3
First o
45 61.1) 55.9| 58.5] 83.8 952 895 629 726 67.8 69.31 746, 719
N 60 75.5, 89.3] 824 105.1f 989 102.0, 87.1 77.8 825 89.2] 88.7, 8390
T ) |
10 35.3] 33.9] 34.6| 54.5' 61.7 58.1] 59.4| 403 49.9] 49.7) 45.3| 475
; 20 69.2| 79.4) 7431 87.2 101.6] 94.4| 94.0 89.00 92.00 83.5| 90.3] 86.9
Second
. 30 103.8| 106.9| 105.4; 91.0, 108.5| 96.8/ 98.1 96.8/ 97.5| 97.6] 104.1] 100.9
40 110.5 104.4| 107.5) 113.5] 106.1] 109.8| 104.1] 104.4| 104.3| 109.4] 105.0| 107.2
| ' b b
15 (10) 24.6] 249 2438 52.1] 59.6 55.9 45.1 30.2 37.71 40.6, 38.2| 39.5
|
30 (20) 49.0, 52.9, 51.4 80.9 95.5‘ 88.2) 78.9) 62,6, 70.8, 699 703 70.1
Average |
45 (30) 82.5/ 81.4| 82.0f 87.4 101.9, 94.7, 80.5| 84.7) 827 83.5] 893 865
60 (40) 93.0 669 95.0 109.3] 102.5| 105.9, 95.6, 91.1] 93.4 993 96.8 98.1

* DAT=Days after transplanting. HF =High fertility. LF=Low fertility.

The damage of rice caused by weeds varied with stage of emergence as reflested by a high-
ly significant weed species x stage of weed emergence interaction (Table 2). Early-emerging
gréssy and sedge weeds found to offer more serious competition to rice than that of broad-
leaved one. For cxample, Echinochloa crusgalli and Cyperus difformis emerging at 15 and
10 days after rice transplanting in the first and sccond crops, reduced grain yield of rice by

v 75.2, and 62.39 respectively, while only 44.19 yield reduction was observed for Monocho~-

ria vaginalis emerging at the same stage of rice growing (Table 1). Echinochloa crus-
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galli and Cyperus difformis emerged at late tillering stage of rice 60 and 40 days after
transplanting in the first and second crops were still capable of competing with rice, al-
though the degree of weed influence was considerably smaller in comparison with that caused
by weeds emerging earlier. Grain yield of rice was not affected by Monochoria vaginalis
when it emerged at late tillering stage of rice. Significantly lower mean yields of rice were
also reported for early and late competition by grasses (IRR1, 1969). Apparently, grasses
and sedges can grow tall and compete highly with rice for height even they emerge late but
the growth of late-emerging broadleaves tends to be suppressed by the well established rice
plants. It appears therefore, that the control of grassy and sedge weeds such as Echinochloa
crusgalli and Cyperus difformis should be continued up to the late-tillering stage of rice
while the control of late-emerging broadleaves such as Monochoria vaginalis may be of no

practical importance.

Table 2. Combined analysis of variance for grain yield of rice in the first

and second crops of 1969.

L.S.D.
Source of variation D.F. S.S. M.S. F

5% 1%
Treatment 59 10,522.52 178.35 11.40% 1.21 1.32
Crop seasons (CS) (1) 35.37 35.37 2.26 3.92 6.84
Fertility levels (FL) (€)) 556.16 556.16 35.56%% 2.92 6.86
Weed species (WS) 2 1,002.95 501.48 32.06%* 3.07 4.78
SZ;%;;; weed emergence 4 6,270.47 1,567.62 100.23%% | 244 | 347
CS x FL (1) 46.62 46,62 2.98 3.92 6.84
CS x WS 6] 326.24 163.12 10.43%% 3.075| 478
CS x SWE 4) 810.29 202.57 12.95%* 224 347
FL x WS ) 53.19 26.60 1.70 3.27 4.78
FL x SWE (4) 289.81 72.45 4.63%F 2.24 3.47
WS x SWE (® 501.02 62.63 4.00%* 2.01 2.66
CS x FL x WS (2) 14.64 7.32 0.47 3.07 4.78
CS x FL x SWE 4) 136.79 34.20 2.19 2.24 3.47
CS x WS x SWE (8) 216.12 27.02 1.73 2.0t 2.66
FL x WS x SWE (8) 182.12 22.77 1.46 2.0t 2.66
CS x FL x WS x SWE (8) 80.73 10.09 0.65 2.01 2.66

Error ; 116 1,814.78 15.64

** Significant at 1% level.

It was observed that weeds ecmerging at 15“, 30, 45, and 60 days after rice transplanting
reduced grain yield of rice by 68.7,46.7,28.1, and 11.09, respectively in the first crop. In the
second crop, however, yield reduction was recorded only for early-emerging ones. weeds emerging
at 10 and 20 days after rice transplanting reduced grain yield of rice by 52.5 and 13.19 respec-

tively, but weeds emerging at 30 and 40 days after rice transplanting did not cause any damage to
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rice in the second crop. The crop seasons x stage of weed emergence was highly significaﬁt
(Table 3),indicating that damage caused by weeds emerging at different stages varied with crop
seasons. In the first crop, because of low temperature, the growth of rice plant is generally
slow which enables late~emerging weeds to compete favorably with rice. Insecond crop, how-
ever, rice growth is generally stimulated by high temperature prevailing during the early
growing stage which may inhibit the growth of late-emerging weeds. The degree of damage
caused by weeds emerging at different stages appeared to be more or less similar under differ-
ent fertility levels.

In Taiwan, it is a general pratice by hand weeding 3 to 4 times in the first crop and 2
to 3 times in the second one for transplanted rice. The first weeding usually begins at about -
15 days after transplanting in the first crop and 10 days in the second one, then the second
and later weed‘ing will be done with 10~ and 7-days intervals for the first and second crops
of rice, respectively. This means that hand weeding ends at about 35 to 45 days after rice
transplanting in the first crop and at about 17 to 24 days in the second ome. Since grassy
and sedge weeds emerging as late as 60 days after transplanting were found to be still cap-
able of causing considerable damage to rice in the first crop, one more hand weeding after
the fourth weeding or 45 days after transplanting may prove useful if the paddy is infested
with heavy grassy and sedge weeds. 1n the second crop, however, the third weeding may be un-
necessary as long as early-emerging weeds are properly controlled. In the case of chemical
weed control, most granular herbicides such as Nitrofen or TOK, the most popular herbicide
currently in-use in Taiwan (Chang, 1969), are applied at 7 days after transplanting in the
first crop, and 4 days in the second one, they are able to provide good control of weeds for
only one month, and weeds are likely to emerge at about 37 days after transplanting in the
first crop and at about 34 days in the second one. One application of chemicals or one hand
weeding at the time of maximum tillering stage appears, therefore, necessary for the control of
late emerging weeds in the first crop.

The Effect of Weeds on Yield Components of Rice

The average performance of the four yield components of rice expressed in the percentage
of weed-free treatment is presented in Table 3. 1t was observed that the number of panicles per
plant suffered the greatest damage, followed by the number of grains per panicle but the 100
grain-weight and the fertility percentage were not affected by weed competition, indicating
that the reduction of grain yield of rice caused by weeds may be due largely to the decrease
in the number of panicles per plant and the number of grains per panicle. The
degree of weed damage to the number of panicles per plant and the number of grains per
panicle was also found to be negatively associated with the stage of weed emergence. In the
first crop, substantial damage was found for these two characters from competition of both
early~and late~-emerging weeds but they were affected only by early-emerging weeds in the
second crop. As in the case of grain yield, both early- and late-emerging grassy and sedge
weeds caused more damage to these two components than those of broadleaved one. The degree

of damage caused by weeds emerged at different stages was not affected by levels of fertility.



weed-free treatment.

Table 3. Average performance of yield components in the percentage of

Stage of weed emergence, Stage of weed emergence,
Yield Weed Fert- . first crop second crop
component | species ility
. - level* 15 30 - 45 60 - 10 20 - 30 - 40.
DAA* | DAA | DAA | DAA | DAA | DAA | DAA | DAA
Echinochloa |. HF 22.6 36.3 73.5 88.2 36.7 85.6 103.3 1111
crusgalli LF 24.1 44.6 72.3 84.3 41.7 87.5 106.9 106.9
Number of :
. Monochoria HE 61.8 68.6 - 98.0 98.0 52.2 92.2 107.8 107.8
panicles
vaginalis LF 60.2 84.3 | 1964 | 1000 | 694 90.3 97.2 97.2
per plant )
Cyperus HF 46.1 68.6 68.6 81.4 58.9 88.9 92.2 100.0
difformis LF 32,5 60.2 75.9 84.3 59.7 83.3 90.3 97.2
Echinochloa | HF 53.0 58.3 84.6 86.1 71.5 88.8 99.5 1€0.9
crusgalli LF 63.8 63.4 74.2 103.8 65.3 95.4 110.6 101.3
Number of ’ v
. Monochoria HF 67.9 91.7 92.6 107.6 81.6 99.4 103.0 111.0°
grains per _
o vaginalis LF 86.4 90.1 91.6 | 1003 80.5 970 | 1080 | 105.3
panicle .
Cyperus HF 55.0 | 80 | 876 | 946 | 77.3 | 1056 | 1056 | 1047
difformis LF 63.9 707 | 888 87.5 62.9 100.8 102.1 1024
Echinochloa HF '100.0 107.4 100.0 103.7 103.7 1C0.0 103.7 100.0
crusgalli LF 93.9 97.5 1975 100.1 96.2 96.2 96.2 100.0
Weight of Monochoria HF 100.0 103.7 103.7 103.7 | 1037 96.3 | 103.7 103.7 -
100-grain vaginalis LF 97.5 93.9 93.9 104.7 107.7 107.7 -} 1077 103.9
Cyperus HF 96.3 107.4 107.4 103.7 107.4 103.7 103.7 - 103.7
difformis LF 101.1 97.5 97.5 97.5 103.9 100.0 103.9 _107‘.8 .
Echinochloa HF 1019 102.4 99.2 100.1 103.3 100.3 97.0 102.6
crusgalli LF 99.7 99.8 | 1004 | 1005 | 100.6 96.5 99.8 | 102.9
Percentage T
; : Monochoria HF 102.0 100.8 101.8 100.7 100.7 98.0 100.8 101.0
o |
vaginalis LF ’ 99.6 99.8 101.4 100.3 103.9 103.3 100.4 103.9
fertility | .
{ ;
Cyperus ‘HF ! 102.8° 102.0 100.3 102.2 106.0 100.7 98.1 98.0
difformis | LF ' 101.0 { 1000 | 99.1 | 1017 | 103.4 | 1027 | 102.0 | 108.5

* HF=High fertility. LF=Low fertility. DAA=Days after transplanting.
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Summary

The effect of weeds emerged at different stages on transplanted rice was investigated
in both crops of 1969. Weeds emerged at 15, 30, 45, and 60 days after rice transplanting
reduced grain yield of rice by 68.7, 46.7, 28.1, and 11.095 respectively in the first crop. In
the second crop, weeds emerging at 10 and 20 days after transplanting caused yield reduction
of 52.5 and 13.19% respectively, but weeds emerging at 30 and 40 days after tansplanting did
not affect the grain yield of rice. Early~ and late-emerging Echinochlor crusgalli and
Cyperus difformis reduced more grain yield of rice than those of Monochoria waginalis.
The degree of damage caused by weeds emerging at different rice growing stages was not
affected by fertility levels. Among components of yield, weeds affected only the number of
panicles per plant and the number of grains per panicle, but not the 100-grain weight and the

fertility percentage.
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Table 1-a, Major physical properties of representatlve s011 proflles after harvest
of flrst crop :

; = | B L4 i) A I " Soil color
‘ g —%‘ +] B ; Mechanical composition % - —_—
HWo|ow | s @ ¥ Dry - Moist
w2 | o | B 4 v
Sam .| Pro—~ {Soil|DepthSand | Silt Clay fex— R aE | 4 B el a | %4 B
pling | files '0-0.020.02-0.002/< 0.002 ture Value/! ™ Value/ :
date | No. [No.| cm ]mm mm ’ mm Hue |{Chro-; Name * | Hue Chro-| Name *
name ma i ma
1 8| 0-13 | 16.06 31.52) 5242/Clay |5YR | 6/6 [#rE@AR.Y.|5YR | 4/4 [KIiZE&aR.B.
1964 913-30 | 21.06 2252 5642 # | # |'5/6 EFIEY.R| » | 4/6 EiEY.R.
July | 10’.30—46 7.06 32.52) 6042 »# ” ” v onoy ” » T
Dry 11‘46—60 11.06 32,521 56.42| ” ” vooww | w48 nwoowou
field 1260-80.| 5.06  32.52|" 62.42 # v | s/8 | # wn | » | 4/a [fTiERB.

|
| | |
-2 13| 0-13, | 16.06 35.52 48.422 Clay 7.5YR| 6/6 WIZE®R.Y.|75YR] 4/4 |Et@D.B.

1965 14/13-30 | 7.06| 2452 5842 # |5YR| # . ¥ YR.|5YR| 4/6 Eﬂ@Y R.
July 1 1030-46 | 7.06 32,52 6042 # ” '5/5; FraRY. | » N T
Paddy .46—60 11.06 32,52 56.427 » ” ” v nwn Vi 4/8 vonn
field !2|60-80 5.0'6 32.52| 6242 »# ” 5/8 nooww ” 4/4 [FriE&RB.

|

4 26‘ 0-13 | 11.76 37,82 50.42] %7.5YR 5/6 |[BIFES.B. | 5YR!| 4/4 #1kR.B.

1966 713-20 | 17.76 29.821 52,42 .- ne el WEERY.| » 4/6 EZEiEAY.R.
Jniy ’20—30 5.76| 33.820 6042 n 5YR| 5/6 EHEY.R.| v 4/4 JIEEERB.
Paddy !30—-68 776 3382 5842 1 v 5/8 ] P P PR
field 068-90 J 9.96 31.82] 58.42 1 " P " " wooww

I9O—100 6.58 35.26| 58.16 1 ! v ooy " /3 v oouon

6 51| 0-18 | 12.48 39.34| 48.18 Clay 75YR| 5/8 [E%#S.B. |[75YR| 4/4 |[Ei=&D.B.

1967 '18—3’* 12,48 37.44| 50.08 n 0 " "oouwn " 5/6 [BizES.B.
July |33—58 10.48 33.44] 56.08 u 5YR| 5/6 EiEBY.R.| 5YR| 4/4 [wis@R.B.
Paddy ‘58—73 13.14 30.09] 56.82] w o 1s/8| v wu| w " v

field 5573—90 13.14 29.04; 57.82 v " vl | o " "oy
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1968 | 8 121 0-18 | 12.96 38.94 48.10

Clay l7.5YR! 5/8 ,E&F}@S‘B 7.5YR| 4/4 ‘ggﬁ@n B.

July | 12218-33 | 13.06]  37.12) 49.82 Is/e ! v wwu |5YR| 4/6 lﬁﬂ@Y.R.

Paddyif 12333-58 | 13.12 36.06| 5082 n |5YR| 4/ HHaYR| » 4/4 ];%IﬁﬁzR.B.
‘ |

fieldj 124/58-90 | 13.12 33.06i 53.82‘ n ! 4/8 h "o Iy n [ v oy

*R.Y.—Reddish Yellow, Y.R.—Yellowish Red, D.B.—Dark Brown, S.B.—Strong Brown,
R.B.—Reddish Brown.

# 1-b BTHEREARE L ENE S EEE R

Table 1-b Major physical properties of representative soil profiles after harvest
of second crop

7] 4 # 159 + £ Soil Col
%ﬁ % + g Mechanical composition % o
# ® R (|((a9) { LA Dry i Moist
B | 2 e v
Sam- | Pro~ |Soil|DepthiSand | Silt Clay | oo | Bl (B | £ 7’| ma =
pling | ifles 2-0.02 0.02-0.002,<0.002 | ; ex Value/ Value/
date | No. |No. cm. mm ’ mm ' mm n‘;rrze Hue |Chro- | Name * | Hue Chro—-‘ Name *
‘ ma ma

|
1966 | 3 15/ 0-13 | 13.06,  37.52] 49.42 Clay 7.5YR| 5/6 [@kitaS.B. [75YR| 4/4 [=ie4D.B.

|
|
l
|

Jan: 161320 | 1535 3226 5242 v | w | 6/6 HIEERY.|5YR| 4/6 [SirmYR.
Paddy |20—30 13.76! 30.82J 55.42 v 1 5/8 FEEES.B. ] ro|om oy
field 18‘30—68 979 2982 6042 u |SYR| 5/6 BAEYR| v | 4/3 | v wu

:68—90 1176 2082 5842 n v | 's5/8| v ww| v | 4/4 IEEEDB.

l | !
5 37| 0~18 | 12.58 37.34 5008 Clay 7.5YR| 6/6 HIE®R.Y.7.5YR| 4/4 |i2kztaD.B.

38|18—-33 | 10.58 33.34‘ 56.08/ J " 6/8 v nun | 5YR| 4/6 [FEHEBY.R.

1967 © 39033-48 | 12.58)  28.34 57.08 v " " v oww | v | 4/4 [EEEDB.
Jan. 40/48-63 | 10.58 30.34) 59.08) v |5YR| 5/8 |[EiIfaY.R.| " v ooy
Paddy 41/63-78 | 12.58 28.34“ 59.C8 " y "oy 1 y uoonn
field 42178-100 10.58 31.34 58.08 v " 1 "oonon " y vy

i | | ; I

4 64 0-18 12.96‘ 30.22| 47.82| Clay |75YR| 6/6 ﬂﬁ@RiY. 75YR| 5/6 |[iEi:£nS.B.

1968 65[18-33 | 13.96 32.36! 53.68' 1 " s5/6 [BEE®S.B. | 5YR | 4/6 {EEY.R.
Jan. 66|33-68 | 12.96 28.36| 5868 # |5YR| 4/8 EHEY.R.| v 4/4 |FEt4D.B.
Paddy1 67(38-73 | 11.96 30.36| 57.68] [ [ "oy v y "oy
field 68(73-90 | 10.96 31.36\1 57.68] " " voonuy " 1y noonwy
1969 } 9 166/ 0-15 | 10.68 39.50] 49. 821 Clay |10YR | 5/6 %ﬁ;@Y.B.“oYR 4/4 EEDYB.
Jan.[ 167|15-30 | 10.68 33.50 55.82I v |75YR 5/8 |iBf@S.B. | 5YR| 4/6 E4aY.R.
Paddyi 168/30-48 6.80 29.38 63.821 [ s5YR| v [Ef&aYR.| » 5/6 nooun
field | 16948-90 | 6.68|  29.50| 63. 82]

1] n n 1 un " 1 ’ L4 n

* R. Y. — Reddish Yellow, Y. R. — Yellowish red, Y. B. — Yellowish Brown. D. Y. B.—
Dark Yellowish Brown.
D. B. — Dark Brown, S. B,— Strong Brown, R. B. — Reddish Brown.



36

2. {LERHETTEH

A‘Tﬁiﬁmmﬁﬁﬁ%%?ﬁﬁﬁﬁ’ﬁﬁﬁ%%A*‘”%Wﬁm}
%ﬁﬂj’\%z—a » 2-b 3-a&§3 b o

(N

v 2ea %Hﬁoﬂf’?»&%{ﬁﬁﬁii&%%ﬁ2£,&m@L&LE

Table 2-a Major chemical propertles of rep1esentat1ve 5011 Droflles after harvest ‘

of first crop

':L':
4{

5

y

, \ [ ———
. o s | B B 4 EHRAILAE ne
BB M EER LR I BE ‘Avallable nutntmnu—g Yﬁi‘%ﬁﬁﬂ’r%tﬁ }%Freiﬁ Or- [Total [ Rt
ree . :
) — anic |Nitro
Sampling Pro~ | Soil ‘Depth "Sios P0s l K0 | MnOz | Fey0; Fes0s Fe2oi Ignarﬁer_gle; y
date files | No. | cm | mg/ I % % \“% Tota C/N
| ‘ 10%g ppm ’ ppm | 77 | | Feg0s % ‘ % |
\ ‘ | !
8 | 0-13 | 600! 60 13.3|° 0.08| 4.3¢| 5.74 076 1.36] 006 13.2
1 i
1964 July 6 ‘13—30 ‘ 825 83 | - 64, 009 4.53[ 596 076 059 005 11.8
Dry 1 10 130-46 | 2463 60 170|014 5281695 0.76 | 050| -0.04| 7.5
field |11 4660 13075 50 | ‘140| 0.a5 501| 703 071 Q24 004 35
12 |60-80 | 31.00| 7.4 | 13.0| 0.17| 493 7.49 0.66| 0.04| 001 20
P |
(13| 0-13 | 7.25| 6.0 | 17.0| 0.12| 4.12| 528 078 141| 008| 10.0
1965 July . | 14 |13-30 | 14.13| 6.0 | 11.0| 0,13| 4.70| 6.08 077} .0.78| 005| 9.0
Paddy 2 .10 30-46 | 24.63| 6.0 | 17.0| 0.4, 528| 695 076 0.05| 004| 7.5
field 111-146-60 | 30.75| 5.0 | 14.0| 0.5| 501| 7.03|. 071|024 004| 3.5
12 60-80 | 31.00| 7.4 | 130| 017 4.93| 7.49 0.66| 0.04| 001] 2.0
i
| i ‘ [ | !
26 0-12 1000 20.0 | 440 0.5 450 572 079 1.73" 0.08| 12.6
| ! i
_ 27 13-20 1250 65 | 200 012 460 582/ 079 154 0.10| 89
1966 July i i | ; i
‘ 28 20~30; 1444 11.0 | 200 '0.13| 5.11! 685 074 096| 009! 5.9
Paddy 4 ‘ : 1 | ‘
25 ‘30—68 19.44% 50 | 11.0, O.t4| :5.11| 6.62 077 072 008 52
field i | | ! t
30 i68ﬂ90 2764 65 | 130 015 5.1 695 073 042 006| 4.0
| ! |
31 90-100 3264 52 | 130, 016 508 645 068 0.49; 005| 59
| ! ‘ P v
. ‘ ! 1 ‘
15 | 0-18-| 10.52, 23:8 | 40.0} 0.09 -4.12| 5.17! 079 179! O.i1] 95
1967 July 52 [18-33 | 1220 9.2 | 11.0| 0.10; 468 6.08 077 136 0.08'10.2
1 |
Paddy 6 53 !33—58 19.16 68 | 170! 021, 501| 6.54 0.77| 067! 005, 7.7
- field 54.58-73 | 25.84| 6.8 | 34.0 0.143 5.18| 6.79 076| 034! 0.04| 5.0
55 78-90 | 34.52| 9.2 | 24.0| 0.14] 536 7.06 0.75| 0.34| 004! 5.4
| . ; i
] 1 \‘ i |
121 | 0-18 | 18.31| 25.3 42.0| 0.10| 3.96| 4.88 0.80| . 1.77| 0.09| 11.4
1968 July 122 18-33 | 20,70 9.8 | 170\ 0.13| 4.14| 5.40 0.77| 1.30| 0.07| 107
8 i
Paddy - 123 isa—ss 197 | 7.1 15.0| 0.16| 4.43| 6.40 0.70| 0.82| 0.04] 12.0
field 124 J‘58—90 23.86| 6.2 | 16.0| 0.16| 5.21| 6.82 078 0.69| 0.04! 10.0
. [ :
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-Tdble 2-b-Major chemical properties of representative: soil profiles: after harvest

of second crop B T Lo o
w0 | e | me | KB A | o el e [PPRI |mnln e
. T v | 7775 |Availablg nvtrition e = Orga| Total
. S e ’ . Free 89T .
Sampling Pro- | Soil [Depthl %4 Mn0; | Free | Total| .} nic | Nitr—| .
pling ok e Si0g Pﬂé Kﬁ% ‘| Feg0s | Feg0g _;l-i‘,izt?l,;matter ogen | C/N
; i 2-5 2 g 9 9
date files | No. | cm lil(l:)%/g ppm | ppm % % % . Fes0s ‘ % %
‘ R » 1 . .
e S| 15| 0-13|.9.35 1240 | 380| 012|429 549 078| 181| 009 117
1966 Jan. | 16 “13—26' 1081 108 | 206| 0.14| 436| 564, 077| 162| 007 13.4
: : o . | ' I . & L . b o
| :
“Paddy R T T {20—305. 10.84 118 | 180| 0.13) 472| 657! 072| 1.23| 007|102
‘ : 7)1
s L - - » : h
field 18 30-68 | 24.60, 7.4 | 140| 0.12| 529| 692 0.76| 034 006| 3.3
|
19 '64-90 | 3207 5.6 | 17.0| 0.13| 5.11| 6.65 0.76| 034 006| 3.3
371 0-181 12.89]'23.1 | 45.0| 0.2|.4.19| 544 077| 1.55| 0.08| 10.7
38 |18-33 | 13.82| 14.2 | 200| 0.13| 5.08| 6.6l 077| 084| 006 8.1
1967 Jan. o : , ‘ Tl o
= ‘39 [33-48 | 2045 8.8 | 17.0| 0.15| 526! -699|° 075! 060| 0.06| 6.0
Paddy 5
40 148-63 | 26,821 7.6 | 230! 0.13| 5.18| 6.69 077! 038 005| 4.4
field
o 41 le3-78 | 30221 96 | 200| 0.14| 51| 672] 076] 0.38| 005 4.4
42 |78-100 85.25| 88 | 200| 0.15| 4.93| 699 076| 038| 004| 55
| .
; | L. .
64 | 0-18 | 1692|252 | 46.0| 0.2 4.00| 5.30 075| 1.80| 0.11| 9.4
1968 Jan. ‘65 118-33.118.45 1 15.0 | 25.0| 0.15| 4.60| 584 079 1.10| 005| 10.6
Paddy 7 66 33-68 | 19.89] 9.0 | 180 0.8| 5.13| 6.76 076 0.67| 0.06| 6.5
field 67 l68-73 | 27,33| 86 | 240| 0.19| 5.08| 6.87 0741 057| 007, 47
68 [73-100| 32.31| 7.4 | 220| 0.8] 5.08| 650| 078 045| 007| 3.8
166 | 0-15 | 20.32| 25.6 | 46.0| 0.11| 4.22| 5.35 0.75| 156| 0.14! 65
1969 Jan. i i 2o
137 {15-30 | 25.88| 5.3 | 19.0| 0.14| 4.80] 6.23 077| 129] o.11] 68
Paddy 9 ‘
‘ 168 130-48 | 26.48| 40 | 170| 0.15! 5.601. 7.36 076| 090! 0.10] 5.2
field | ‘ ,
' } 169 |48—9o 36.72| 133 | 160| 0.6| 555, 7.06| 078| 055 009| 3.6
| .
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Table 3-a Cation exchange properties and pH of representative soil profiles after

harvest of first crop

- n F e A
® &% # %ﬁﬁ L5 | BB Cation exchange properties m. e./100 g. Base
Sampling files | Soil |Depth | ‘ sztlgur— rH
date No. | No. | em K Na Ca Mg ExH | CEC. a ;211
8 0-13 0.20 0.07 0.21 0.06 8.73 9.27 5.82 4.4
1964 July
9 | 13-30 0.14 0.08 0.26 0.11 9.22 9.81 6.01 4.6
Dry 1 10 » 3046 0.09 0.12 0.79 0.37 10.74 12,11 11.31 5.1
11 | 46-60 0.10 0.13 0.23 0.12 9.91 10.49 5.52 |. 5.2
field
12 | 60-80 0.11 0.11 0.40 0.35 9.41 10.38 9.34 5.0
13 0-13 0.11 0.11 0.78 0.31 8.84 10.15 12.90 4.7
1965 July
. 14 | 23-30 0.09 0.12 0.77 0.33 10.16 11.47 11.42 4.8
Paddy 2 10 | 30—46 0.09 0.12 0.79 0.37 10.74 12.11 11.31 5.1
11 | 46—-60 0.10 0.13 ‘0.23 0.12 9.91 10.49 5.52 5.2
field
12 | 60-80 0.11 0.11 0.40 0.35 9.41 10.38 9.34 5.0
26 0-13 0.23 0.14 1.60 0.60 7.98 10.56 24.36 5.2
1966 July 27 | 13-20 0.11 0.09 0.68 0.29 9.37 10.54 11.10 5.0
: 28 | 20-30 0.12 0.13 0.96 0.50 9.29 11.00 15.54 5.1
Paddy 4
29 | 30-68 0.10 0.13 0.76 0.50 991 11.40 13.07 5.1
field 30 | 68-90 0.10 0.17 0.42 0.42 8.74 9.85 11.26 5.3
31 | 90-100, 0.10 0.19 0.35 0.44 9.29 10.37 10.41 5.3
51 0-18 0.16 .14 1.24 0.45 7.90 9.86 20.12 5.3
1967 July
52 | 18-33 0.09 0.11 091 0.48 8.62 10.21 15.57 5.4
Paddy 6 53 | 33—-58 0.10 0.14 0.92 0.40 9.74 11.30 13.80 4.9
54  58-73 0.13 0.18 1.26 0.62 8.79 10.98 19.94 5.2
field ‘
55 | 7390 0.13 0.20 1.15 0.49 8.29 10.26 19.20 5.1
1
|
121 0-18 0.15 0.22 1.89 075 | 729 10.30 29.22 5.5
1968 July | ‘ .
122 | 1833 1 0.26 0.15 1.79 0.68 8.47 11.35 25.37 5.6
8
Paddy 132 | 33-58 ‘ 0.14 0.16, 1.56 0.59 i 10.00 1245 19.67 5.2
field 124 - 58-90 0.11 0.20 1.14 0.66 1 11.72 13.83 15.25 5.1
i




% 3-b BUIfFRERRR L ENEZ BT B Rt B EoH

" Table 3-b Cation exchange properties and pH of representative soil profiles after

harvest of second crop

v

39

. 5 e + =y # ] #TIEE
"R M MER LR EE Cation exchange properties m. e./100 g.. Base
Pro-| satura | pPH
Sampling files | soil |Depth —tion
date No. | No. |.cm K Na Ca Mg ExH | C.EC. %
15| 0-13| 020 | o0.16 1.32 054 | 896 | 11.18 | 11.00 | 5.1
1966 Jan. 16 | 13-20 0.17 0.15 1.24 0.51 7.90 9.97 20.76 5.3
Paddy 3 17 | 20-30 0.11 0.12 0.74 0.33 10.67 11.97 10.86 4.9
field 18 | 30-68 0.10 0.22 0.71 0.43 10.49 f1.95 12.22 5.3
19 | 6890, 0.11 0.16 0.81 0.58 9.96, 11.62 14,28 5.5
37 0-18 0.19 0.15 1.18 0.52 7.49 r 9.53 2141 5.3
38 | 18=33+ 0.09 0.09 0.63 0:32 9.67 . 10.80 10.45 ‘ a.1
1967 Jan. |
. 39 ;-33-48 0.10 0.14 0.85 0.45 9.79 11.33 13.59 5.0
Paddy 5 .
40 | 48-63 0.12 0.12 0.92 0.61 9.36 11.13 15.93 5.1
field ;
41 | 63—-78 0.11 0.13 0.46 0.63 9.44 10.77 _12.34- i 5.4
42 : 78—-100| 0.10° 0.12 0.53 0.53 9.11 10.39 12.32 5.5
’ » o
64 0-18 0.30 0.22 1.49 0.63 7.34 9.98 26.45 5.4
1968 Jan. 65 | 1833 0.12 0.26 2.62 0.98 8.13 12.11 32.86 5.5
Paddy 7 66 | 33—68 0.11 0.21 1.48 0.97 9.50 12.27 22.57 4.9
field 67 | 68-73 0.12 0.22 1.58 1.02 18.78 11.72 25.08 5.2
68 | 73—90 0.12 0.20 1.67 1.02 9.06 12.07 24.93 5.3
166 0-15 0.20 0.25 1.89 0.86 8.97 11.87 25.95 5.6
1969 Jan.
167 | 15-30 0.17 0.18 1.88 0.89 7.14 10.26 30.40 5.6
Paddy 9 :
167 | 30-48 0.14 0.25 1.05 0.59 9.69 11.72 17.32 4.9
field
169 | 48-90 0.13 | 048, 1.13 0.73 9.69 12.16 .| 20.3t 5.1

e i

D BERUEAT(LERAZRE BRI EE
2B 1 W5 PTG o |

P MR o DA R
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Fig. 1. ‘The comparison: of. pH of the paddy field which: alter. from’ the dry f1eld of
reddish brown latosol for 4.5 years, :

6.0 P

5.0p= ==

€—=Surface soils

4.2 l:‘ [ 1 o Yy 1 1 iy 1
i —> 1064 1065 1966 1966 1967 1967 1968 1968 1969
H=>ZH gt 2 1 2 1 2 1 2

B EREK e v HE pH B EF ) RURLBE » ¥— > HFEREKL ERABR ) K
% > pusppNE S oH [HH4L. 4 ES. 6 5 BiFetp H A ER » EL2Z oH EES—HIER LR »
BT VRS T e o BABDEEHN » JREIALAIE K FENUSE AR » IERE pH B BB o

2. i E s ek RENELRZERY (Si0,) &BLE

Fig. 2. The comparison of available silica content of the paddy field which alter
from the dry field of reddish brown latosol for 4.5 years.
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3. ALinEE PR BEUAEPLABER (P Os) &8 g
Fig. 3. The comparison of available P,0; content of the paddy field which alter
from the dry field of reddish brown latosol for 4.5 years,

Available
3°—i?205(pm)
20 o
#t
Surface soils .
Bxr
Sud-surface soxls,\\
aN AN
4\ / N /
4 \ / N R
A \ / N '/
10 b e P, \ 7 . ;
AN 4 . N,
~ /0 /S . Y.
~ 3 ~ RN
V'/ /&.i ~S .
5 e oS € Subraoils N
L 1 1 1 L % N 4 .

f—ﬁﬁ-——-»we 1065 1966 1966 1967 1967 1968 1968 1969
i ———> 2 et 2 1 2 1 2 1 2

AR (EE) &8 > ek ERE LR BL966E " WIFRMERD » B196T4
TREE 4RI B BUR R IR 6 » Qb B e fEk M » BRI » HINEE
R BB o BERRA- AR 5 ORI BT T TR (IRET A o B2 A
SWEER > TSR RN o DAL 15T SUB AERtIE FE /5 A o

4. FLFRERS H e fER A MER A2 A8 (KO) &8 i
Fig. 4. The comparison of available K O content of the paddy field which alter
from the dry field of reddish brown latosol for 4.5 years. ‘
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Fig. 5. The comparison of free iron content of the paddy fleld which alter from the
dry field of reddish brown latosol for 4.5 years.
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Fig. 7. The comparison of MnO, content of the paddy field which. elter from
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Fig. 9. The comparison of total nitrogen content of the paddy field which alter
from the dry field of reddish brown latosol for 4.5 years.
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GENESIS STUDIES ON THE PADDY SOILS
OF TAIWAN

1. Studies on the genesis of paddy soils

developed from reddish brown latosols
by

C. Y. Lai and K. W. Leung

Summary

Nine soil profiles were collected from the reddish brown latosols of Nam-she, Chungli,
Taoyuan, including the original tea plantation dry field, and its altered paddy field
which were sampled after the first crop and the second crop each year from 1964-1968
respectively. Soil morphology of those profiles and their physico-chemical properties
were studied. ltems of this experiment consist of mechanical analysis, pH v.alue, total
iron, free iron, manganese dioxide, available silica, available potash and phosphoric oxi-

de, organic matter, total nitrogen and cation exchange capacity etc.

. The purpose of this study is to want to know the trend of the development of reddish

brown latosols which have altered to paddy field for 4.5 years and the genesis of the
paddy soils. The results are showing on the Table 1-a, 1-b, 2-a, 2-b, 3-a, 3-b, and



49

the Fig. 1-9 etc.

Soil characteristics of the originél dry field of latosols are as follow, The soil texture is
heavy, the consistancy of the sub-soil is campact and firm, the permeability is low, the
organic matter content is low. It is still reserved the original i)roperties of the subsoil
after the rice cultivation and the flooding influence for 4.5 years.It was altered the color
of surface and sub- surface soils only from 5YR to 7.5YRin color hue. 1t was not infl-
uence by elluviation from irrigated water but it was the results of hydration of iron
compound of the soil body.

Base from the chemical analysis, there is a trend of some iron and manganese which il-
luviated on the subsoils but there is not any trace on the soil morphology so the illuvia-
tion of those soils are still very weak, no-elluvial and illuvial horizon are formed. In

other word, there is not any appearance of paddy soil forming process.

. The most great effect which influence to the reddish brown latosols by flooding rice plan—

tation for 4.5 years was the decrease of soil acidity of the surface soil, the pH value
increase from 4.4 to 5.6. The increase of sub-soil is less than that of the surface soil.
The availability of the phosphofous and the potash of the surface soils has increased after
floodingirice plantation for 4.5 years, and so do the available silica of surface and sub-
surface soils, but there is a little effect on the soil organic matter, total nitrogen and
cation exchange capacity.

Base on the results o soil morphology, phjrsico—chemical properties, it is hard to formed
apparent soil development of latosols after dry land which was altered to paddy field for a
short time (4.5 years) . So the genesis of the paddy soils which developed from latosols
is ‘still needed to weat:hered for a long time and we have to continue its study in the

future.
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Study on the Nitrate Reductase( 1)

NAD(P)H-and F MNH—deperldenf nit_rete.reductase
Chi-ying Huang!, Tao Lon*"

It has been reported that reduction of nitrate by NAD (P) H is dependent on llght and
the enzyme machinery needed for the nitrate reduction is contamed in the chloroplast (3 6,
12). These observations would explain the enhancement of nltrate reduction by light, and that
the enzyme is NAD(P)H dependent In contrast to these 1eports, in 1964, Kessler(8) demons-
trated that photochemxcally reduced \MD(P)H did not serve as an electrou donor for nitrate
reductase, and the nitrate reduction was not coupled to hght

In 1954, Nicholas and Nason (10) reported that I*MNH (FADH ) ‘also serve as electron
donor for NAD(P)H- dependent nitrate reductase in Neurospora. “In 1956, Stoy (14) reported
that FMNH, (FADH;) served as a more effectrve electron donor than that NADH, (NADPH)
to nitrate reductase in higher plarts '

"The purpose of our present study i is expected to determine if the nitrate reduction in
higher plants is completed by a single enzyme that utilizes NAD(P)H or FMNH, 2(FADH,) as
electron donor or by two different enzymes ut1117e two dlfferent klnds of co-factor as electron

donor

Material and metheds
(1) Plant Culture  Soybean seeds were soaked for two hours prior to planting in trays of
vermiculate well irrigated with Haogland solution. The seedlings were grown in the green
house until 10-day old. The leaves were harvested for enzyme extraction.

(2) Extraction and Purification of Enzyme In order to prepare a chlorophyll free prepara-

tion which had a minimum of gum like material, we followed the procedures of Colowick
(5) for making an acetone powder. The dried acetone powder was extracted with 12 vo-
lume of cold phosphate buffer (0.2M, pH 7.5) . The crude extracts were purified by
ammonium sulphate precipitation and calcium phosphate gel adsorption as described by
Evans and Nason (6) .

(3) Preparation of Cofactors NADPH, end NADH, were chemically reduced as the method

described by Lehninger (5%) FADH, and FMNH, were enzymatically reduced by the me-~
thod of Felton (5%) . ‘

* The methods preparing the reduced cofactors as described by Lehninger, Felton are coll-
ected in “Methods in Enzymology” by Colowick. et al.

(4) Preparation and Assay of Nitrate Reductase Activity The assay systems were prepared

as indicated in the accompanying table :

1. Instructor, National Taiwan University

2. Junior specialist, Taiwan Agricultural Research lnstitute
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Reaction mixture NAD (P) H-NR* FADH, (FMNH;) -NR
KNO,, 102M 1 ml tml -
NAD (P) H, 1.0x10-M 0.25 ml -
FADH, (FMNH,) ,10x10-*M - 0.25 m1
Phosphate buffer, 0.2M
pH 7.5 1.50 m1 1.50 m1
Enzyme extract 0.25 ml 0.25 ml
Final volume 3.0 m1 3.0 m1

* NR is abbreviation for Nitrate Reductase.

The reaction mixture was incubated for 30 minutes at 37°, then the reaction was stopped

by adding 2 ml of Uranyl acetate reagent. This was centrifuged and the precipitate discard-

ed. To the supernatant fraction was immediately added 1 ml of N-(nvaphythyl) ethylene-

diamine solution (0.029) to develope the color of NO,™. After 15 minutes the optical density

was determined with a Spectronic 20 at 540 m,u."

The optical density of the control reaction mixture containing all the constituents except

the enzyme extracts was used to correct for turbidity.

(5) Definition of Enzyme Unit and Specific Activity One urit of nitrate reductase is defined as

that amount of enzyme resulting in the formation of one u mole of nitrite under this

assay condition.

Specific activity is expressed as the units of enzyme per milligram of protein.

The protein in the extracts ‘was 'precipitated by Trichloroacetic acid, and its amount

determined by micro-Kjeldahl method.

Results and discussion

(1) Purification of Nitrate Reductase.

Both NAD(P)H- and FMNH,-dependent nitrate

reductase to be present in the crude extract ammonium sulfate precipitate and calcium

phosphate gel elute, there is a slight excess of NAD(P)-NR. Ammonium sulfate

precipitation followed by gel adsorption resulted in an 12 fold purification - of the

enzymes under study (Table I) .

Table I. Purification of Nitrate Reductase.

Protein

mg/ml stotal amount

Crude extract

Fraction 1 .
43% (NH,) 2504 ppt

Fraction II
46% (NH,) :504 ppt

Fraction ‘ i I
|
|
|

449

' 2.65
o .

1.06

18765 | 38.5 35.7

|
' 588.6 660 | - b4
188.52 139.1 129.2
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Fraction IIT |
Ca—phosphate
gel elute

| 0.58 12.18 4833 471.0

*NAD(P)H-NR=NAD(P)H-dependent nitrate reductase.
FMNH-NR=FMNH, (or FADH;) -dependent nitrate reductase.

(2) Induction of Nitrate Reductase. The ten-day-old seedlings were excised at the ground

level and submerged them in a medium containing desired level of substrate and inhibitor.
The results of these experiments (Table T ) show that: (a) appearance of the activity
of NAD (P) H-NR and FMNH-NR are in identical physical properties each other,
(b) synthesis of nitrate reductase is depended upon the present of nitrate, i.e. the
nitrate reductase is an adaptive enzyme, (c) if the seedlings deficient in nitrate are
excised and incubated in the induction medium containing nitrate, the seedlings show a
linear increase in production of nitrate reductase. The longer the incubation time for
seedlings, the greater amount of nitrate reductase it induced. On the contrary, if the
seedlings well supplied with nitfate in the nutrient solution, the seedlings show no
further increasing in production of nitrate reductase when they are in the induction
medium, (d) if cycloheximide are added to the medium, ‘the nitrate reductase can not be
induced with the nitrate. The longer the incubation times for sezdlings in the induction
medium containing cycloheximide, . the lesser amount of nitrate reductase it induced.

Since the cycloheximide is an inhibitor of protein synthesis.

Table I[. The Condition for Induction of Nitrate Reductase.

Enzyme activity

a-1 a2
Induction* Induction Preinduced Not preinduced
medium time, hour .| NAD(P)H-NR FMNH-NR NAD(P)H-NR FMNH-NR
6} 38.5 35.7 11.4 10.5
Nitrate 2 38.6 35.9 19.8 15.3
4 38.9 35.9 22.2 20.1
16 39.6 36.3 29.5 28.2
o} 38.5 35.7 ’ 11.4 10.5
Nitrate, 2 32.1 31.2 7.7 7.8
4 25.6 24.2 3.9 4.2
cycloheximide 16 1.12 0.77 - -
o 38.5 35.7 11.4 10.5
—nitrate, 2 37.0 34.8 8.0 7.9
-cycloheximide 4 33.3 32.1 6.7 6.3
‘ 16 27.9 244 55 -~ . 5.1

* The induction media was prepared as the method described by White
a-1 The seedlings were planted in a nutrient solution containing nitrate.
a-2 The seedlings were transferred to a nutrient solution lacking nitrate.

The unit expressed here is the specific activity of enzyme.

(3) Sulthydryl requirement. In 1953, Evans and Nason (6) showed that sulfhydryl group

was required for nitrate reductase activity in higher plants. This-SH group is inhibited

by the p-chloromercuribenzoate (PCMB) . In our experiments with a ¢rude nitrate red-
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uctase extracted from soybean leaves showed that preincubating the enzyme with 10™:M
or 1076M p-chloromercuribenzoate resulted in complete or 509, respectively, inhibition
of both NAD(P)H-NR and FMNH-NR. If 1 x 1073M of cysteine hydrochloride was
added to the assay mixture, the inhibition due to p-chloromercuribenzoate (1073M) was
reduced to 3095 or mars, and little inhibition when concentration of p-chloromercuriben-
zoate was below 10™*M (FigureT ) . From the date presented in the Figure 1 and Table
111, we verify that; 1. high concentration of exogenous cysteine increases in stability of
NAD (P) H-and FMNH, (or FADH,) ~dependent nitrate reductase activity, 2.

of cysteine prevents p-chloromercuribenzoate inhibition of enzyme activity.

addition

45

o cont:%l , minus P-cmb

o and cysteine
~ 35
) . t
3 plus p-cmb
= 307 _ and cysteine
(+] .
3‘. 25
- o
- 20 A
g 15
ot plus p-cmb
§ 10 o i
a 1
L%} B

5

0\
[ —
o LH T T T T Y T T T E—

0 1x1076 1x1075 1x1074 1x1073 1x1072
5% 1076 5x1075 5x1074 5%x1073 5x1072
Concentration of p-chloromercuribenzoate (p-cmb) (M)
Figure 1-A, The inhibition of NAD (P) H-NR by p-chloromercuribenzoate
and reversal by cysteine.
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Figure 1-B The inhibition of FMNH-NR by p-chloromercuribenzoate and

reversal by cysteine

Table M. The Effect of Cysteine on the Extraction of Nitrate Reductase.

Specific enzyme activity
Reaction mixture -
NAD (P) H-NR FMNH-NR

Phosphate buffer 38.5 35.7
Phosphate buffer

plus cysteine 55.1 40.0

% increase brought

43 20

about by cysteine

The concentration of cyseine used here is 1.0 x 1073M.

(4) Thermal Stability of NAD(P)H-NR and FMNH-NR.

No differential loss of NAD (P)

H-NR and FMNH-NR was noted in vivo at the higher temperature. However, the data

in the Table IV show that at 45°,
the FMNH-NR. Therefore,

NAD(P)H-NR in vitro is more heat labile than

selective denaturation by heating to 45°¢ could result in

separation and purification of NAD (P ) H-NR from FMNH-NR.
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Table IV. Relative Stability of NAD (P ) H-NR and FMNH-NR to Temperature

e Specifié activity of enzyme
Temperature .
NAD(P)H-NR FMNH-NR
°C - - . . _ T
10 min. 20 min. 10 min._ 20 min.
20 o ‘ 28.7 | 29.4 ’ 277 28.6
30 . . 38.5 l 41.0. 36.1 36.6.
45 23.9 ] 18.2 33.7 324

From the data in The Table IV, it shows that: (a)the higher the temperature(below 45°c)for
enzyme reaction, the greater enzyme activity it shows, The Q,, for nitrate reductase is
1.3 to 1.4 (b) the longer the incubation time for enzyme reaction, the greater
amount of nitrite are produced.

(5) The Effectiveness of Electron Donors for Nitrate Reductase. For the purpose of

determining the relative effectiveness of electron donors for nitrate reduction, NADPH,,
NADH,, FADH,, and FMNH, were added individually or in combination to the reaction
mixture. The results(Table V ) show that reduced nicotinamide adenine nucleotindes are
the most effective electron donors in higher plants. FMNH, is sorﬁewhf;tt less effective,
NADH, and FADH, fall in between of them. Combination of NADPH, and FADH, gave
no greater activity than did NADPH, alone. This observation are pbﬁibarable to the

apparent Km values of cofactor which presented in the Figure II.

Table V. Relative Effectiveness of Electron Donors for Nitrate Reductase.

u moles cofactor u moles NOg |u moles NO.
Electron donor conc. i oxidized consumed produced
340m/u 450m/u -
NADPH, 157x10-6M 0.199 - 0.214 0.197
NADH; 157x10-6M 0.185 - 0.200 0.189
FADH, 262x10-5M == 0.189 . 0.191 -, 0.86
FMNH; 262x10-5M T 0.181 o171 0.175
NADPH, 78x10-6 M ] : IS B
plus j 0.106 0.084 0212 . 0:195
FADH, : 131x10-5M

The concentration of cofactor oxidized were determined by the
Extinction Coefficient: i.e. 6.24.x 106 cm?/mole for VADPHz and NADH,

1.13 x 107 cm?/mole for FADHF, and I‘MNHZ.
Amount of cofactor oxidized, NO; consumed, and NO,~ produced were in agreement i.e.
when one mole of NO,™ are produced, there one -mole of. NO,~ are redl;c_ed, and one
mole of cofactor are oxidized at the same time. ' o

(6) Apparent Km value for the Cofactors and. the Nltrate, e ,~‘(;a) .FMNH, concentration

required for achieving the half maximal rate of nitrate reduction was greater than that
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of FADH,, and the concentration of NADH, required for half maximal rates was greater
than when NADPH, was used. In general, higher concentration ( 10-fold to 100-fold )
of reduced flavin nucleotides is required to achieve a half maximal rate of nitrate reduc—
tion than when reduced nicotinamide adenine nucleotides were used ( Figure TL ) . These
results indicate that a greater affinity of the enzyme for NAD (P) H than for FADH,
(FMNH;), i. e. NAD(P)H, is a more efficient hydrogen donor for nitrate reductase
than FADH, (or FMNH, ) is, (b)the concentration of NO;~ required for one half maximal
NAD(P)H-NR activity was 2.0x1074 M and that for FADH,(FMNH,)-NR Was 3.9x10™M
(Figll ) These results indicate that a greater affinity of the NAD(P)H-NR for nitrate

than is FADH, ( FMNH,)-NR for nitrate.

1.2 NADH, Km= 6.5 x 10~ %M

o\ o
——adh—y Z . A

T

) R NADPH,' Km= 3.0 x 10~ %M
3 0.8
é .
& 0.6
e
5
0.4 -
0.2
o'o [ 4 8 ? [ 3 i 1 T T
o 1 2 3 4 5 & T 8
Concentration of cofactor, X 10™°M
1;0- ' A 4- —y 44
A TA 4 4 s
FADE , Km= 5,0 x 10 ™M
0.8 .
ey
% 0.67
< 0
g ‘ ° 4
0.4" 1‘ _ -
e o4 FMMil, Km= 1,2 x 107 M
=,
0.2

0.0 = 1 T T 1 1 T

O (0 20 30 4 % 60 70 80

Concentration of cofactor, X IC‘SM

Figll (P.57)
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Figure II. The apparent Km value for NADPH, NADH, FADH, and FMNH. The velocity

(EcgymeActivity)expressed here is u moles NO,~Produced, per milligram of protein, per hour.

A
1.2" A Ad l\ -l
. FADH-NR, Km=3.9x10™ %M
)
'E 1,07 0 A f'o)
3 o . — 0
< O o4 o o
.87 A , v _ -4
o NAD(P)H-NR, Km= 2,0x10" "M
£ .
I O.SJ
;ﬂ‘
0‘4- A
0.77
0.0 ; T T T T T

o 4 g i2 26 20 24 28 4
Concentration of nitrate, x 10 "M

Figure III. Apparent Km value for nitrate.

Summary

There show a little differential activity in NAD(P)H-NR and FMNH-NR. The activity
of NAD(P)H-dependent nitrate reductase predominate to that of FMNI- dependent nitrate
reductase,
NAD(P)H-NR and FMNII-NR are equally susceptible to the inhibition of p-chloromer-
curibenzoaté, but this inhibitory effect can be reversed by cysteine in the reaction
mixture.
Presence of cysteine in the extraction medium results in increasing enzyme éctivity.
NAD(P)H-NR and FMNH-NR activity are increascd about 439 and 209, compared to
that of the control lacking cysteine, respectively.
Activity of NAD(P)H-NR decrcase more rapidly that of FMNH-NR at the temperature
above 45°C, i.e. NAD(P)H-NR is more heat labile. ‘
Relative affinity of cofactors to enzyme are arranged, according to their apparent Km
values, in order of

NADPH,> NADH, for NAD(P)H-dependent nitrate reductase.

FADH,> FMNH, for FMNH-dependent nitrate reductase.
Relative affinity of nitrate to enzyme:

NAD(P)H-dependent nitrate reductase>> FMNH-~dependent nitrate reductase.

By comparison of the characteristics of enzyme described above,  the so-called nitrate
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reductase may be a mixture of NAD(P)H _and FMNH_dependent nitrate redictase. Al-

though' these kinds.of enzyme are nearly identical in: chemical and -physical .properties.
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Studies on the stem blight of Asparaguscausedby Phohza,asPc;ra;gZ

(II) Physiological characteristics and chemical control

IL. Yang, SM. Hour, Y.L. Chen
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v Summar}

The phys1ologlca1 characterlstlcs and chemncal control of Phoma asparagz were studxed.
The results have been summarized as follows: '

1. For the mycelial growth, the optimum temperature was 25° to 28°c, the optimum pH range
was 6 to 8, the optimum NaCl concentration was 0.3 to 3%, and the optimum sucrose
concentration was 8% : _ :

2. The mycelia formed on the agar media and on the stems of asparagus remained active
after 150 days at low temperature (=5%).: .

3. Eight fungicides were evaluated for their effectiveness in inhibiting the mycehal growth
v‘.vand spore germination and in cotrolling the mfect1v1ty of the causal organism. under la-
boratory condition. Takeda—-mer, ‘Duter, Suju, Pely ram—combl, Brestan..60, Dithane M45,

* Antracol and Difolatan showed the inhibiting effect on the myclial growth and spore ger-
mination at the concentration of 500 ppm respectively. Difolatan showed the best con-
tolling effect on the infected plants of asparagus, Duter and Suju the better, Takeda-mer,

Dithane M45 and Polyram-combi the next. ‘
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Studies on W tches’ Broom of Sweet .Pota"to'( V ) Seed Transmission
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B BRI 2 BT EY B 0 1A ReddickBiStewart (1919) @Kz 4% » 78 French bean
mosaic virus TR TEY: o LMERR Fajardo (1930) Nelson (1932) K Harrison (1935) F#HEK 3
f ) HART MRS Fronch bean SEEREHENZ H@ o Roddick (1931) #47 » HETML
ETER o Nelson 3 Down (1933 ) 4 HA T MR B B IEH o Crowley [ (1957) %%
French bean {j bean mosaic virus § bean yellow mosaic virus FRFETEFRIF » B1 & PR THL »
HETHRRBEREERESR  RETERETEY  HETHERERERRFE - LEFRER
Medina B2 Grogan (1961 ) KFEHE o £~ BE ~ B HIUEK (1970) #4#ECowpea; aphid - borne
mosaic virus 7E Cowpea AIRFET{HYy » HAE Azuki bean BITEEREFEY > NHIBEHFRHRE
Cowpes FRBFRMZEFUREHEZLER o M2 » B FFET WS THEtE » BALEE
SR ESENT o BN HEBEIER ( Sweet potato witches’ broom disease), IR (1964
) #4& » HHRAREBEEN BIRET ( \Iesophrosyne ryukyuevms ishi-hara ) IRIPE L » RFEER
B TR THG o 7R (1970) JReRés HH% 10R% 2 M TR IREM Y o R Pide HIR R 1E 1
54 6 MUNR RS T2 A T TR - B HA R R  » BB o |

= HHRTE

RE5T (1968) 4£Z:59(1970) 4R » uﬁs“gﬁﬁﬁzg;m@ Ipomoea Batatas Lam., Ipomoea
nil Roth, Ipomoea pes-caprae Sweet, Ipomoea aquatica Forsk, Ipomoea satifera, Vinca rosea
L. SHEUEY 5B EEGTER 8 I SRk B4 kk BRES S BREHEHE
S50 > EAISEEIRARIA - Wil 100 BB > 4 RIS B H A IR ) M LURE S
BRERBUE B NTEE ) BERERIERE ) EERRLERRERE - MUIRY 2R GHERTEEE
P EEFTMMREET 9 BASK > £ AR o TTE6 » LA B 186 HAZELE ) 1k
HAERRUBIRBZ HBLHEE o

E-HEER

HHERERZ 6 EARAREFTEDZETHERERE » RBERNKRE ¢

OFRRETIERBEG ML LRBRVEIE » BT LRAIUKRERE L SRS
EWBEM o
ORERFARS FIRERL ) AFRTIEUHEERNEZAGZE@E) -
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Table 1. Transmission of Sweet potato witches’ broom through seeds.

# ® R B | EHREBETFRE| B &£ B ¥ B OR OB K oW OB &
Species of plants . No. of plants deve-| 2% of plants deve-
tested No. of seeds tested | No. of seedlings loped symptoms loped symptoms
Ipomoea Batatas ,
Lam. 28 22 0 0
Ipomoea nil Roth. 9 7 0 0
Ipomoea pes—caprae
Sweet. 15 12 0 0
Ipomoea aquatica
Forsk. 23 19 o} o]
Ipomoea satifera 12 11 0 0
Vinca rosea L. 45 31 0 0

B bitss R » vl SEEERTER Rlpomoea Batatas Lam, Ipomoea nil Roth,Ipomoea pes-
caprae Sweet, Ipomoea aquatica Forsk, Ipomoea satifera, Vinca rosea L. %6 fE&:iEYmtk
TRETEY o IERE REIBIEK(1964) FTiER AEER H Ipomoea Batatas Lam. T Ipomoea
Hardwickii Hemsl. W% Rl MRk & T EEHERE -

M-~ B

HEEBEERTERHE [pomoea Batatas Lam., Ipomoea nil Roth, Ipomoea pes-caprae sweet,
Ipomoea aquatica Forsk, Ipomoea satifera, Vinca rosea L. % ¢ fESFHEYIREZ EFEY o

A~ 2EVYR

1 RG> FEHERER (1954) « HEBHER <1 7 AMOEA Bficowvw c BA ~ FEBERSS
HE2L 288 APP 42~500

2B S PR s TR — (1954) : HEHR 1 T A BoB T EE 0B BT 2R
A~ R ERBESHRE > 248258 APP 52~500

3. SO HERMEROFENRBROB R BIHHR29 1 770

4. i (1964) HEERMEURE O s B c Bl 2 B9 » SRERBUR 15 S BT 1~44 0

5. $HSIA (1965 ) ShERIC 3505 H IR TIVEUR O 3k ABHEELD : 235~239 o

6. FTIRED (1966) whfBic 35135 ¥ Y v 4 T RIVEHR & ~ Y BREIRIC O\ Ak B ETE
641 8E8~1020

7. Tsuneo Tsuchizaki, kiyoshi Yora and Hidefumi Asuyama (1970) . The Viruses Causing
Mosaic of Cowpeas and Azuki Beans and Their transmissibility through seeds Ann. phytophath
Soc. Japan 36: 112-120.

8. Tsunes Tsuchizaki, Kiyoshi Yora and Hidefumi Asuyama (1970) :Seed transmission of
Viruses in Cowpea and Azuki bean plants 1. Factors influencing seed transmission Ann.
phytopath Soc. Japan 36:121-126.



- HHBEERBOPIE (1961) : oW HHEAEEEN  SBABFEBREMSE
10-85—pp (1969) HEEBRIGR L (1) BEPIFRIB : 50~60
1L 5—B (1970)  HEERITR WA (V) FERE (BR+H) o

Summary

Seed transmission- of sweet potato witches’ broom disease Ywaé e:&émined i‘n’i‘llrti’fici‘allv
infected plants of Ipomoea Batatas Lam., Ipomoea nil Roth., Ipomoea pes—cai)raev ‘Suweet.u,
Ipomoea aquatica Forsk., Ipomoea satifera and Vinca rosea L., the negative “reéﬁlés
showed that the disease may not be transmitted by seed in different species of - host. plants

so far tested.

&
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K%ETM(SZ%%@ ’ Fﬁ%"ﬁ, Asp&ragus officinalis L. var. altilis L. )ﬁaﬁi% y 2R E
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Table 1. Etiological survey of asparagus diseases

i, m, ‘ 5l

“mw = B E % it Month
B Name of 1 2 3 4 5 6 7 8 9 .10 1
Locality diseases
A/ B/A|B|A B|A|B _ ‘ A B/A|B|A B|/A|B|A B
mmuu Awmm onwm %maa»m: mwnﬂ 92,2.85 100 3.54] O o.oo_ mo_ 0.52 4o.§ Tom‘ _.oau 75| 1.50] J 1.80| 82(1.90 mqﬁ 2.27
_
.,,,( v %mss*mmmv%m mw_ _.B_v 49 1.33] 10 0.11 mq_ o.a_ 35(0.51 __oﬁ L 1.04 8” :L ﬁm 1.32 qm_ 1.46 3" _.L
RO T | | » , | | | | ]
e Cercospora 0000 0000 0000 15021 20023 29 0.50 27,040, 2003 0000 00.00
Ta~chia Chen blight _ w _ w _ _ _ g ; ; ; *
"M I N N |
Ban»viBoE 0000 0000 O o.oo_ o_ 0.00 o_ 000, O o.oo_ o_ o.oo_ oE o.oo_ J o.m»_ 0/0.00| 0 0.00
+ B 4 %m&ﬁﬁ:miﬂ 411107 58 147 14/0.20 “omo 37/0.59] . 41,070 46 o.moﬁ mo__ ».L mm“ io" 85/ 1.51 mom 1.65
: _ T _
. Tuh-ku Chen *mnawnw.mm?g " 80236 71/2.16| 31/0.53] 42081 69 1.35 qo_ 169 77170 78 173 L :m“ 3_ t.78 80 1.81
blight | f
i
%mnms*mmm_;wm 23/0.34 mw_ 0.8“ 9, 0.10 NJ o.&h 3_ 0.73 m_,o.,a mmﬁ O.J o_m 1.13 66! 1.19, 68 1.23 69 1.40
" | ] | |
Cercospora 701142 42099 30040 31047 53 1.03 54108 55 1.11 56 1.18 57/1.22| 57/1.28 59 1.34
blight T | | _ L

72

Bt A, ORBREE » B, RREEE -
Note: A. indicates the percentage of diseased stem(%) ¢
B. indicates disease index.




Table 2. Etiological survey of asparagus diseases

K BAMREZRRBNHAERR

73

|
A 1l
Hi & I mOE & B Month
Name of 10 12
Locality diseases |
A B A B A B
Vi) % e EStem *Elight i 17 | 035 63 | 141 70 | 1.85
Fang-yuan o) B "
Hsiang Cercospora 42 1.09 48 1.56 46 | 1.66
blight o j
iy Il ] ;
. 64 0.80 66 1.13 68 1.50
®om s | Stom blight
3] BE b
Cercospora 66 0.92 74 1.09 67 1.23
Tung-sh - blight
Hsiang VR
Gray-mold 0 0.00 0 0.00 22 1.10
B rot o B
5 5 Ste mﬁll)ili ght G 96 2.15 97 2.31 97 2.72
Hsin—yuan B B 55
Hsiang Cercospora 97 2.23 98 2.66 97 2.71
e blighe L L _
. |
et E #5 gstemﬁgﬁ ght a | 68 0.96 70 1.35 73 1.79
S —— —— |
Ch—shang ‘ ) B b
Hsiang Cercospora 99 3.89 86 2.70 85 2.71
) blight !
= IS - N - N
= -] #5 ‘ Stem blight B 57 ‘ 0.81 ,Ef fi 64 - 1.70
Shou-feng i ¥ o]
Hsiang [ Cercospora 65 1.71 56 1.77 55 1.78
\ blight

A RRBRER (%) B AREERE -

Note: A. indicates the percentage of diseased stem (%) ,

B. indicates disease index.

BEE (—2) 2HAERBRAS EITRAZNE 2 HERN » IKEAERR ~ HIRRERERE

ABRE > RN o B IMEZ R 0 AT RRIREOR Z B B A o

E) BERW :

Tk BRIP4 2 R ~ MBI ~ IKBOR Z RERIL LA T ¢

()ZEFER « $hvR Phoma aspvragi Sacc.

PT5 e » AR ~ i LB AR ST BRI M 1 s B

B AR EKER » BRRBEZ A > OB BMEMNIE » LEEAL BE AR BER

FUSP B s 2 PR R > L L IENREAS o INEIRBEREREE » E R B 2R B » RERIZL

B o A A B IMFALANTE o
(VBB : £rH Cercospora asparagi Sacc. Fi5[#E# » HPRBEFIZEBIRREE A » EEEAE WIS
IR ER ) X~ 58~ BE RS BRABUIKREAZ /RN » KEXBERG » REEE
VBERERRE (BB ERERTIRE » BAFERE) » EaEvRERZITEELFTE
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(VIRMUA < £R8 Botrytis spp. Fi3liE%E » WAHHLHINEHEE » HEMERZRBRE
SREIRAESE 0 B ERERVRAET A QT EIRB AR » LT AR IK @R R BB g 4
e [ o R R B A ) 45 R TR 56 0 BRI #YS o

ESFIRENRRREZRESERR

) ¥ : FREE Phoma asparagi Sacc.
B =THARERE

() i MREAREZTRA MR » BT EBREEEE » BEEIREEER  potato
sucrose agar EiRI0H » BRI FEE » HEAREK » PEFRG S 2 WSS B AR
y FARIE TR AR S » MR IR R OV BB R SR I R e o e
TV 55 78 1 R AR A T B > BRI IR RE (BRCRAREEEN) » RIKERE28°C ) &
UM B RIRER » BIEAEZERR o

B HR:#AEZERNE=-

E= AREGRRE G R EGEERZERHIKR

Table 3. Stem blight disease development in inoculated plants with

and without wound

£i 3 & B B B H w5 E R
Inoculation
BE%EE Wound Woundless CKy#* CKa¥*
ays .
after inoculation inoculation inoculation
5 3% o¥ 0 0
7 7 2 0 0
14 20 15 0 [¢]
21 40 20 0 0
F o FRRBEFRRRIE » BHEERE : Y carborundum EEREER o

** CKiy BB~ BB CKy B4 » MOREIX -

Note: * A number of lesions on plants, Wound-inoculated: (Rubbing
the rind of asparagus stem by carborundum) , ** CK;: Wounded
and sprayed with the sterilized water, CK,: Sprayed with

sterilized water on intact surface.

BERPUR » BTN IR B 5 SR 02 bk 39 RE Yy » TV e 7 1 B R e A 135 2
RESRR 2 KHBL o o b TRR R JRBE A 1552 LA L 5 8 A ST e o

M~ A ERRIEEE R R

) et

(DBERIRIEE Phoma asparagi Sace. R HILE= Tt BRI 2 T IS A L
Heged o

QPRRBER : 51 8 H » M HABRABRSFIREN o



Table 4. Fungicides tested and their active ingredients

K~ SRR R KB 2R 5

®x H

Fungicides

il

£ b5 54

Active ingredients

&

L B

Manufacturer

&

Dithane M-22
Dithane Z-78
Dithane M—45

Dithane stainless

Miltox

Arasan
KB-90

Suzu tablet

80% Maneb (Manganese ethylene bisdithiocarbemate)

75% Zineb (Zinc ethylene bisdithiocarbamate)

80% A co~ordination product of zinc ion
manganese ethylene bisdithiocarbamate

50% Ammonium ethylene bisdithiocarbamate

16% zineb (Zinc ethylene bisdithiocarbamate)
65% Copper oxychloride

50% Thiram (Tetramethyl-thiuramdisulfide)
90% Basic copper sulphate

20% Triphenyltin acetate

ZERohm & Haas
Co.
1

"

BARERARMLET
2N
4+ Sandoz Ltd.

% E. 1. Du Pont

de Nemour
H A =44 7] B 2
BARJEBL BT 200

5

ARBARERSR
A ERERRR

1. SBREEROIMERRERR LR B8 W T B @& N Potato sucrose agarRiF
P ORI BUIRF RN RE » DK N7 B0 P BRE R — E BT
B (400¢) # 30~ 40M8HaF 2 e BE » Y4 £ MBI A M BLR 5 R (31.25,62.5,125,
312.5,625 p.p.m. ) » fETEIFRAE 0.5ml JTiFRI » IR & BB s (B—
WE2ml. ) IR PV R SRR LS 25, 50, 100, 250, 500p. p. . HTIF MR LAR B
EABRETHRBRIA (LHEgE—@ Collodion #it) b » BEFREMRIA BNRIEEE

m (Petri dish moist chamber) B s J{RAEAR28°

R o HFERMER -

I~ HRETHERITERR TR 25

Table 5. Toxic effect of fungicides on pycnidiospore germination

CoEfRsE » RAS/NE 2 HIIE LB ET T &

®£ H M B B 3 E M T B 2R T8 B (%) EE(CKE 1001 )
Concentrations | No. of spore No. of germi—~| Rate of Index number
Fungicides (p.p.m.) examined nated spore germination (CK 100)

500 900 -0 0.00 0.00

250 900 0 0.00 0.00
Dithane M-22 100 900 0 0.00 0.00

50 900 0 0.00 0.00

25 900 0 0.00 0.00

500 902 10 1.11 2.00

250 905 17 1.88 3.39
Dithane Z-78 100 956 86 9.00 16.22

50 943 202 21.42 38.59

25 928 265 28.56 51.46
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‘ ( 500 1 900 0 0.00 0.00

250 | 900 0 0.00 0.00

Dithane M-5 | 100 ‘ 900 0 8.88 8.88
50 ‘ 900 0 ) )

\ 25 ‘ 902 8 0.89 1.60

| 500 ! 900 0 0.00 0.00

Dithane stain— 250 900 0 0.00 0.00

ithane stain 100 900 0 0.00 0.00

less 50 900 0 0.00 0.00

25 500 0 0.00 0.00

500 900 0 0.00 0.00

250 900 0 0.00 0.00

- 100 900 0 0.00 0.00

Miltox 50 900 0 0.00 0.00

25 900 5 0.56 1.01

500 a 900 0 0.00 0.00

250 : 900 0 0.00 0.00

Arasan 100 ‘ 900 0 0.00 0.00

. 50 900 0 0.00 0.00

L 25 | 900 0 0.00 0.00

500 925 164 12.73 31.95

250 951 188 19.77 35.62

KB-90 100 961 252 26.22 47.24

50 947 347 35.64 66.02

25 %62 453 47.09 84.85

500 900 0 0.00 0.00

250 900 0 0.00 0.00

100 900 0 0.00 0.00

Suzu tablet 50 200 0 0.00 0.00

25 900 0 0.00 0.00

CK ! ‘ 4645 2578 55.50 100.00

PEEFE R Dithane M-22, Dithane stainless, Arasan, Suzu tablet ECHRERE HEE
25p. p. m. I EEHIHIR AR T2 382F » Hk Dithane M-45, Miltox ZE50p.p.m. > EE R4l H ZEE »
fiDithane 2-78, KB-90 5 RB3E » JLYBHET 500p. p.m. (ENESE 2 IIGITET 2 B o
2. 4 A PHTIETR =T h SR R R R ©
7R I EERB E AR E25, 50, 100, 250, 500, 1000, 2000,4000, p. p.m. 8 FEIBEE »
R RS T AR R 2 B B AR FE DR [EI AR » i 53R A Potato sucrose agar |y fRIOK ZH BB
# o FER 5 mmz Cork borer Yy » WEFEN LT REE 2 4 & E AV W BT Bih
» %1% 10,20, 30,60 @2 1% » FIBRBE KIS BESR > RBEARKK GREHEE) BiER
EZBLK G BREBESRR 4 HIO RERZH ) RATERS 2 BEHETE 2B
ERFE » HEERMESR -

EAN~ EREHEA THERHRREER SRR

Table 6. The killing effect of varios fungicides on the mycelium of

Phoma asparagi Sacc.

y i B

| . ;
& = m | % B GG
Concen— ‘ Time of dipping (min.)
Fungicides I trations ‘1 1 ‘ -
’ (p.p.m.) ’ 10 - 20 | 30 60
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Note: Number of + marks indicates the grade of mycelial development,

— mark indicates no mycelium growth.

BERPIR  PERRBEHP L Suzu tablet REA » 76 250 p. p.m. ZEEBEI05 EARR
HFRIREESR 0 Hk Dithane M-22 2 2,000 p.p.m. %3044 » Dithane stainless &
2,000 p.p.m. BE605# » Arasan 2 4,000 p.p.m. BE3OSEIREHE » HARREBE L
RBEZHENDEZR  HBEEE 4,000 p.p.m. FREETEFRES o

EH OB

BRAEAEOTHREE=ZE (AJLE) ~ KR (BhiR) ~ LB~ 20 (Z2R5R) M~ 8-
HABELTMETIREZRE ~ SRR - WEZBIZUES » B0 (L) ~HA (FHK)
FE AR ~ bk (BEER) ~ 38 (TEHER) S8~ MHREERIRAET c £FAAME
BEA > IEE BRI ~ IR ) KEBRF=EREZEA - BRESLEBEREE » MAERZL

» HEREREREI00%% » BrEREES. 54 (JRBHERAEKR60—80% ) o HmAES T EA »
3 AMBFHRD (R LRERL L3 ) » B 4 ABRBEBENEN » ZRE 2 AEHEE » Hx
WBRAEE R » REE 2 KBS ERE  HBREREEETEI%E » EEERESE
3.897 &% o WRAEHTELE » 3—4 AMBRED » B 5 ARGBEH RN 8 AEXRE 1 BHEE
W% o IRGBERIREARR » Pk B R R AT RSB RAE » HERERHIE -

B L ATIMRERECBRERRERE ) AZREEE - RES 2 PEMAER » JLEEE
EHR R ) WREERSRITERERS » ERRBUREBTETERE » R KREE R B
W o

TERZREIMBERET EMRE S B HREGERS  IIREEZBEH L BRER 67
FAZERESS IR BB E 7 155 BUR 15 2 ik B3O BB e » THER 15 PN 2k b8 5 30 58 R g o

BN B A TMEMBETERNERRBER  B#F (- X)) iz X s EREAR

FERRE R T 32 2 3 b Dithane M-22 » Dithane stainless, Arasan, suzu tabetZ X (R RE
» FLYEEE 25p. p.m. REEMNEIRRAE T 2382 » Hizk Dithane M-45, Miltox 7 50p.p.m. ZJEEEgE
PO EEZE > T Dithane Z-78, KB-90 ZRF2E » HBEZE 500p. p.m. MEKEEEIEHNET 2
B o AR BIBH LI HERMIFE B BB E » AL Suzu tablet HfH > 250p. p. m. F10
SRR B % » ik Dithane M-22 2 2,000p. p. m. ##30434% » Dithane stainless & 2,000
P. p. m. {605y @ Arasan 24, 000p. p. m. EHE 30 438 » JRERIRE AR » HEABREAIE LR
BEZHERBENR ) HEERZ 4,000 p.p.m. MEETEHR

EREO-TRESRRRE IR A S SR R BRI REER L2 E ) Rk
ZHE—PHIEETEH

AeoEm OB

L RELARNEE » RELIME RZIRER R ~ W0 ~ KEMR% o
2. PTEAIREZF ) LU ERRRRRE » IWREFTRAENE 2 GENSE L » BREEEE
E100%% » FERERES. 54 REATTMER - WEEE -

S BIORINE ) BERE—2 0 SIS ) HBRER R B » B
3. 89, 5% o

4 IR EROR IRTE R R AR N Tk e s s vT BRI » T EIR A o
S« FETHZERG IR B BEAE R 15 SUR 15 2 Rk B IBRE RS » TIAEB 15 1 2 MR 0 53 3 RS e
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6. L3R B MIrh Dithane M-22, Dithane stainless, Arasan, Suzu tablet AR R
WA F R BB 78 25p. pom. ZIRBERREIMBI I BESE o

7. ZHERE BRI REFR R BB R L, Suzu tablet Bk » 7 250p. pom. ZiE
EREEL0 Eae B WA » Hk Dithane M-22, Dithane stainless, ArasanZjRIEHE o

8. 7EE PIEEHIAR BT S =7 H SR R B8 10 5 A A8 » 70223 ik B EE R B A 2%
B i BRZE—PPREER o

t -~ 2R

B HIUFEC > W EF1958 : R E Y ¥ 7Y T EBEHEA3 o
FFFRELCS : YR EERE BAWEYEE I E656—T723 o

I ~ EREHRL965 : BEEOEMWELE: FHILEI—200

BHIEEFEL64 : FRBEERMST A AT H ABEFHR291—298 o

BHAFELNY : AEEREAERSE £—F528—5310

A ABUTEAEEL1967 : B RER o

FELEZE1958 : SRR AN B R MY RERERE EEE1IT3—1800

Hrpi— ~ BET1966 : BAORE Ll HEE215.

Walker, J.C. 1952 : Diseases of Vegetable Crops. McGraw-Hill Book Co. Ine. New

York 1-9. '

10.  [UARTE1958 « grEsEsey: BEILa341—373 0

1. HIE ~ BHKEIT : ETRFHEMRERES FHEE355—356 o

:«090\10\014‘—09[\9)—1

ETIOLOGICAL SURVEY OF ASPARAGUS DISEASES

IN TAIWAN ()

by
F. S. Wu

Summary

The present experiment deals with etiological surveys of incidence, distribution and severity
of the major diseases of asparagus throughout the island, and study on the infection of causal
fungus of asparagus stem blight in greenhouse, and fungicidal test,in order to evaluate control
measure of the stem blight. The results will be summarized as follows:

1. In 1967, stem blight caused by Phoma asparagi Sacc., Cercospora blight caused
by Cercospora asparagi Sacc., gray-mold rot caused by Botrytis spp. etc. were noticed fre-
quently to cause considerable damages to asparagus plants in some asparagus growing areas.

2. Among ‘them, stem blight was the most wide-spread and serious disease of
asparagus plants, this disease occurred in all of the asparagus growing areas. Percentage of
diseased stem was noticed frequently up to 100 percent, the degree of disease severity

was at index, 3.54, thus lowering both thé quantity and quality of the asparagus production.
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3. Cercospora blight was the very widesprcad asparagus disease also. The disease
occurred in all asparagus growing areas, except-in San-chung City. The percentage  of
diseased plants was noticed frequently up to 99 per cent.

4. Gray-mold rot occasionally occurred in continuous rainy climate and in poorly
drained fields. The percentage of disease infection was not high yet.

5. The infection of the causal fungus of stem blight takes place on either wounded or
unwounded asparagus plants, while it takes place more easily and rapidly on wounded tissue.

6. Toxic effect of various fungicides on pycnidiospore germination of Phoma asparagi sacc.
was conducted in laboratory. Dithane M-22, Dithane stainless, Arasan, and Suzu tablet were
found to be more effective, inhibiting the pycnidiospore germination at the concentration of 25
P. p. m. '

7. In the fungicidal test with the fungus mycelium, Suzu tablet at concentration of 250

p. p.m. was the most effective ones, the mycelium are killed by dipping for 10 minutes, and
Dithane M-22, Dithane stainless, Arasan showed some effectiveness.

8. Effective fungicides on inhibiting the development of causal organism screened by
laboratory test are expected to be checked by green-house and field experiment.

A

FIG. 1. Stem blight of asparagus A, lesions
on stems; B, pycnidia on old stem
lesions.



#%FIG. 2. Cercospora blight of asparagus.

o lesions .6n stems and branches.

...« FIG. 3. Gray-mold rot of
_ Asparagus ' )

8t
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AN ECOLOGIOAL bTUDY OF WHITE BAGK
" PLANTHOPPER SOGATELLA FURCIFERA
HORVATH IN VIETNAM, 1968

By
C_hia_—hwa Tao and Néo—Dinh Ngoén
I'nfrqductibn :

Although the sogatella furcifera is found throughout the rice-producing areas of the world,
its outbreak is not ag-important as the brown plant hopper, Nilaparvata lugens, whose
damaging infastation is usually éonnected with climatic conditions and agricultural pra-
ctices throughout the year. Severe injury is frequently found on the heading stage of rice
plants on this perlod due to the favorable weather. Population level of either the nymphs or
the adults reaches a peak. ‘Since successful eradlcatlon of rice stem borers was obtained with
new certain synthetic 1nsectlclde, the . pest frequently causes heavy damage to rice plants,

particularly in Taxwan, Japan, Korea and the Ph

i plnes In. South Vietnam, however, the
S. furczfera is a major pest of rice plants, smce'= climatic condition is favorable for its
multlphcatlon throughout the year. The ecologlcal studles of this pest were carried out at

Japan and Taiwan, while no ava'lable datum is obtalned from Indo—mhma, especially from

Vietnam. Therefore, Ngo-Van Chlef Plant Protection Service, encouraged us to make

the ecological studies of this pe ose to contnbute to the ‘establishment of the economic

control measures in the future. Re 3 are presented in thls paper.

V'Slberxa Manchurla, Chma, Indo-China,

is found more or less only along’ the 'i%:'{u'a'-t‘ér,,ﬁgnd' con31dered to be tropxcopohtan (s=2 4-)

Host Plants”~

‘Oryza satwa L. Sacckarum officiriarum L., Zzzama latiforia Turcz., - Hordeum
'vulgare L., Setaria ztalzca Beauv., Panicum crusgallz » Zea mays L., Poa anua L.,
Phalaris arundinacea L., Alopecurus aequallis Schol., Sporobolus elongatus R., Digitaria
adscendens Henr., and Eleusine indica Gaertner. The most preferred host plants of this pest
is the rice plant. The pest passes several generations in the weedy areas, if no rice plant is
offered. (see 4)

Observation on the Infestation of rice plant
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Vietnam -is situated in the tropical zone. Its ecological dimension is particularly suitable
for rapid multiplication of Sogatella. With rvegards to the climatic*conditions, the multiplication
is more favorable in the Mekong Delta area than in the coastal region of central Vietnam. In
contrast, the brown plant hopper does not mutiply readily under ‘the Mékong delta coastal region this
year. This pest generally attacks the rice piants during the tillering, differential, booting and
heading stages, causing losses of vegetation, reduction of tillers leaf withering, burning of
stems, and production of empty rice panicles. Usually the differential stage ié the most
susceptible stages, during this stage of the rice plants are often entirely destroyed by overlapping
generations of the plant hoppers. The population of the nymphs is generally prevailing that of
the adults. During the growing season of the rice plants, the plants are usually attacked by
3 or 4 overlapped generationsﬁ especially in rice areas where multiple rice crops are practiced.
Sometimes sporadic outbreaks of "this pest are found in the old seedling beds. The degree

of infestation depends upon microclimatic conditions and cultural practices.

Materials and Methods

The study was. consisted of the Bionomic‘s, survival of adults, -the rate of population of
wing~form, seasonal fluctuation of egg population, percentage of parasitismv of egg parasites,
and the rate of population of newly~hathced nymphs. All the works were carried out in the
green house of Plant’ Protection Servige. froin ‘January to December in 1968.

1. Bionomics: The life history of this pest is quite variable with the ecological conditions.
The number of generations per year‘varies from two to three in the northern part o‘f‘Japan to
as many as five or more in the southern part of Japan, four in Korea and seven or eigh;t in
Taiwan. In the present observation, this hopper has sixteen generations in a year due to the
favorable temperature,.it developed and multiplicates throughout the year. The results showed
that the duration of various stages of each generation was not significantly. different. In each
generation egg stage last 5.2 to 10.5 days with exception of the Ist generation being the longest
and was not significantly different. Nymphal stages of each generation last from 9.6 to 15.4
days excepted with loth generation being shortest. This was also insignificant. The entire
cycle from egg to adults requires 15.3 to 21.9 days, excepted with 10th generation being
shortest. This was not. significantly different while the variance of both' ‘the  temperature

and the humidity is not notable all year round. As shown in table 1:

Table 1: Duration of various growing 'stages in each generation

Giner— o Duration Duration 7 ’ Du;a‘tion _
ation , o of egg ) ; of nymph— o . .of entire
‘ stage - .. al stage 1 . cycle
(days) LI (daysy - . {- .. (days)
S : e — —-—
1st o105 14.0 . 245
2nd s 21.0
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3rd o T TB e w108 T . 18:0
ath . = CeBe o e 128 BN 18.1
5th N % T RIS - S C TR P i
Creth T g ‘ I TR 7.0
7the ] Eg ' e e
sth i 53 S e Cles
(‘ "19_th R Coe 12 o » 17.8
B IOth.v Csq v _’; : 96 _ ) )  _ . 53
llth o o881 110 T
. 12;th‘, R I e 64 oy 11.4 o c. 178,
+i13th L A - Y AR S 10.1 - o e L 168
14th i L B2 e s tmel G v : 188
15th 6.5 15.4 21.9
16th 6.0, P ST 140 f 20.2

2. Behavior:Most of the adults emerge in the morning. The male adults usually emerge
I'to 2 days earlier ‘thanuthe females. “The ' brachisterons “émeorge’ tater ‘than tacroptdrous
females;  both.individuals lay eggs: 3 or 4'days' after-thocopulation: swhile laying, the female
insérts’are ovipositors'into the tissues 6f the leaf sheath. Eggs -are’laid 'massly, and ‘each mass
consists of 5 to 20 eggs arranged side by side. Newly-laid eggs “dre milky in color become
yellowish'before hatching. Part-of 'the tissues arournd the eggs-mass is harmed by-oviposition
and turns dark browh c‘dlor.‘:""\lewly hatched ‘nymphs which are grey in color stay ‘on their egg
shells for'3 to 5 minutes. They arc gregarious “duting’ the early instars and: suck -the sap of
rice stems. After the first moult they begin“to dispers sach other and crawl to the other part
of the rice plant to suck the sapof:-rice ‘stems particulary in-its mature stage.” The dutbreak
of ‘this hopper depends on the population 'density ‘of both the nymphs and the adults under

favorable conditions, while thé nymphs cause serious damage to rice plants,  as they are moke
important than adults. : T :

3. Adult longevity: The observation :: was begun from the .3rd generation to the 16th.
generation on 20 pairs of macropterous forms of each generation. All adults emerged from
nymphs which were reared in the green-house.. Each pair of adults was roared in a glass
cylinder (5 c¢cm in diameter and 15 cm in -height) with one freshly-rooted rice stem inside. Six
glass cylinders were placed in a petri dish, (17 cm in diameter and 3 cm in height) . The
water was supplied in each petri dish ‘1‘:1 the ‘case of ne\,essary. Each top of the glass cylinder
was covered w1th fine mushn and fastened with rubber bands to prevent adults from escape.
Freshly-rooted rice stems were changed every five days throughout the observatlon and
records were taken every morning, The results showed that the macropterous females generally
lived longer than macropterous niales and the longevity of both the females and males were
variable in each generation. The relative longevity of adults was probablly affected by the

temperature and the humidity throughout the observation. The average of longevity of the

females ranged from 2.3 to 16.0 days and that of males from 1.9 to 10.7 days, as shown in
table 2: -
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Table 2: Duration of adult longevity in each generation

Genera— Day of \ Day of death | Logevity
tion emergence \ Female ’ Male Female Male
(days)
3rd 22-25/11 3-18/111 ’ 25/11-15/111 15.6 107 .
ath 13-19/111 18/111-9/1V 721/ 8.7 48
5th 4/1V 18/1Vv=1/V 5-9/1V 16.0 3.5
6th 23-28/1V 24/1V-9/V 24-29/1V 6.2 1.9
7th 19-21/V 13/V-12/V1 23/27/V 96 6.1
8th 9/V1 11/V1-2/VIl 11/15/ V1
oth | 30/VI-/ V1L g-14/ VIl 2/8Vll 8.7 5.4
10th " 18/ V1l 20-22/V1l 19—21/Vil 2.3 2.1
11th | 9/Vill 12-15/ V1l 14-17/ V11l 43 3.1
-12th 2/1X 9-12/1X 9-10/1X 74 6.9
13th ‘ 25/1X ’ 27/1X-10X 16-30/X 8.7 48
14th | 14-15/X J 16-30/X . 11-16/X1 9.7 7.2
15th 9/X1 11-17/X1 5-24/X11 5.2 4.3
16th 4-5/X11 k ’ 9-25/X11 115 5.7
‘ 3y
l

4. Population level of wing-form: The observation was made on the 12 to 19 ﬁhirs of
adults of each generation. They were individually reared in a glass cylinder with freshly=rooted
rice stems inside, and were placed in the petri dishes of water which was filled every morning,.
The top of the glass cylinders was individually covered with a fine muslin and fastened with
rubber bands to prevent adults from escape. The change of the freshly-rooted rics stoms in
each glass cylinder was made at five day intervals and individually transferred into other'one
until the eggs hatched to emerge from adults through the observation. Newly-emerged adults
were counted after being killed by a poison bottle every morning. The period of adult crhergence
varied in each gendration, it was closely counted with survival of former adults for laying
their eggs under climatic conditions. The period of adult emergence of each generation lasted
from 3 to 20 days, with the 6th generation being longest and the 12th generation being
shortest. The percentage of wing-form of the females and the males varied in each genération.
However, the percentage of macropterous males usually was highest in each generation, which
was not significantly different. For the females, however, it varied from generation to gene-
ration, indicating that the females, particularly, brachypterous ones, were more sensitive to
temperature, humidity and other factors. According to the data. the rate of macropterous
females ranged from 7.6 to 49.1 per cent; brachypterous females, from 0.0 to 47.9 per cent;
and macropterous males from 40.1 to 63.6 per cent. The severe out-break of the pest was also
associated with population density of both the macroptorous females and the  brachypterous
females. Sometimes, the brachypterous females were as important as the macropterous females,

causing injury of the rice plants under favorable conditions. The results obtained showed that
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the weather with exception of the environmental conditions, was considerably more suitable

to its multiplication in South Vietnam throughout the year, as shown in table 3:

Table 3: Population dynamics of wing-form in each generation

: No. of Percentage of wing—form
Genera~ Date of Emerging
emerged Female Male
tion emergence period

adults Marco. Brach. Macre.

1st 15-25/1 8 52 11.5 46.2 423
ard 24/11-10/111 14 599 345 9.6 55.9
4th 12-26/111 14 621 37.6 9.3 54.0
5th 3/18/1V - 15 261 12.5 17.2 63.1
6th 21/1V-12/V 20 359 12.0 479 40.1
7th 15-24/V 9 116 28.4 8.6 63.5
8th 12-1:/V1 7 122 303 18.0 516
9th 25/VI-15/V 11 19 195 35.9 12.3 51.8
10th 14-19/V1l 5 144 7.6 '36.8 55.6
11th 8-12/VI1ll 4 45 244 22.2 53.4
12th 26-29-V1Il 3 81 40.7 7.4 52.0
13th 26/1X-8/X 13 263 28.5 i 21.3 50.2
14th 14-22/X 8 426 37.1 9.9 53.0
15th 6-24/X1 8 658 49.1 0.0 50.9‘
16th 6~9/X1 5 314 39.2 ) 6.4 [ 54.3

The 2nd generation was not completed because of V. C. offensive in Saigon in February,
1968. ' ’

5. Investigation on the seasonal fluctuation of egg population: This was a study on the
occurrence of the hopper under climatic conditions. It will be used as a basic reference for
outbreak prediction in the furture. Samples of egg Laying rice stems brought in from outside
were individually examined under the dissecting microscope and the number of eggs were
counted at 5-6 day intervals from April 16 through December 7, 1968. It was, usually done
six times in each month, except for April, November and December. The average of oviparious
rice stems sampled, ranged from 31.5 to 40.8 in each time, According to the data, ‘che~ number
of egg-masses per rice stem, eggs per egg-mass and per. rice stem were highest in
July and lowest in April and May. With exception of April May and July, there was no
31gn1f10ant difference in each month. The number of eggs laid into the tissues of the rice
stems was closely correlated with the number of adults emerged under . favorable COI]dlthl’]S.
It was shown that the climatic conditions were the most important factors concering the
outbreak of this pest. Throughout the investigation, the increment of population is eseeci_ally‘

significant in wet season. Results are given in table 4:
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“»{Fable 4:Séasonal fluctuation of egg population from April to December

| Times | No.of | No.of | Noof |Noof |No.of | No. of
Date s of ';: rice egg 1 eggs/ egg-masses |eggs/ eggs/

. surv:yv s;tems/ clusters ‘ _survey /riee stem |egg- rice stem
survey o . (total) éurvey 7 /survey : (av.) clusterCav.) (av.)
16-26/IV 3 380 | ‘ 1143 | 1,0280 29 9.0 26,3
27V Mg.“-‘! sts | 753 | 7348 29 8.0 236
1-27/V1 s 6 \ "35.5 ) | 1895 | 27028 44 ;3.Qv | s98
2-29/VIL..5.; 6 39.5 | ..341.0 | 48768. | 87 | 141 - | 1243,
5725,{:\711-1,. - <6 ki 408 ok 2552 _2,5105 6.2 9:9 ©6l4 .,
2-28/1X" s epy& w3980 o7 0 2207 |- 25392 6.8 9.7 622
5-30/X 6 35.5 254.2 2,312.7 6.9 8.7 61.4 ¢
2-25/X1 S0 | 388 - |. 2936 2,529.2 76 . 85 63.3
2-7/X1n T s 380 | T2475 12,5180 6.6 101 66.9

6. Investigation on the seasonal occurrence of newly-hatched nymphs: This study was
carried ou;on,the oviparious rice stems which were brought from outside. Rice variety IR 8
was used as a sfandard one and was -transplanted on the pots on June 25, The number of
newly-hatched nymighs were counted 34 days after transplanting, when the initial symptom of
rice stem- infested By the hoppers was discovered under natural .conditions.- A samplo of one
hill of ri¢e plants was selectéd at random in each plot and +was transferréd in each glass
cylinder after washing the roots of soft -mud. It was placed im the large petri dishes in which
the water supplied in the casé of necessary. Survey was made at 7 to 12 day intervals from
July 28-to.Septembér 26. The newly-hatched nymphs were ' counted after killing them in the
poison bottle every morning until all eggs were completely hatched in each time. Popultation
density of néwly-hatched nymphs generally increased from July 29 to August 26 and decreased
in August 30 to September 5, while its population increased again in early mid-September and
decreased in late September and early October when the rice plants were entirely destroyed

by the hoppers “during favorable weather. Results are given in table 5:

" 'Mable 5:Seasonal occurrence of newly-hatched nymphs

¥
L2

Date -~ * Period! : | No. of No. of No. of No. of No. of
survéyed hatching : hills ¢ rice newly— hewly- - newly-
nymphs |- surveyed stems/ hatched " hatched hatched
hills nymphs ‘ nymi)hs/ Ik nymphs/

(Total) rice hill

stem (av.) (av.)
28/ VIl 29/Y;1‘3}/Vl11: 3 133 o 1766 192 , 255.3
8/ VIl | o-1g/ym. | 5 | - | 2,1__(56 - a2
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19/V1il 120~28/Viik 5 25.8 5,044 39.1 - 1,008.8
29/ V1l - 30/ V1ll-5/IX 5 19.4 2,033 21.0 407.0 *
s5/IX “ 5—16/D( 5 13.4 7,745 115.6 1,549.0
/K 18-26/IX 5 12.8 5,748 85.8 s 1,24‘316
26/IX 27/IX-2/ X 5 144 1354 266 2708

7. Egg parasites: Two species of egg parasites have been found from the eggs of ngatella,
Accordmg to the morphology of the parasites, they are minute hymenopterous wasps. The
The yollowish-
brown one is identified as Anagrus sp. Family mymandae. The parasitism of these sﬁecies

larger bluish-black one is supposed as to a Eulophid parasite ( unidentified ) .

was examined in the egg-masses of Sogatella under the dissecting microscope in the Iabof;fary.
More than to 72.5% of eggs was parasitized. It sesmed that Eulophid parasite was more
important than the Anagrus sp. in reducing hatching rate of Sogatella eggs, 4s shown in
table 6:

Table 6: Parasitism of egg parasites of s. furcifera in 1968

Date of No. of No. of No. of

survey oviparous eggs egg per percent of
rice stems sited parasitism

25/V1 36 748 605 728

15/V11l 14 307 222 72.3

Environmental factors concerning the outbreak . PR

Climatic conditions, cultivating methods, natural eremies and other plants or animals-are
known as the factors concerning the outbreak of the hopper, among them -elimatic conditions
are the most prominent factors.

According to the observation, length of daytimés'temperature and humidity are the climatic
factors which seem to have close connection with rice in population density. 1n the case of
many generations, there appeared a constant rice in populafion density when the da;rtimes
sborten, and the temperature was constant between the day and the night during rainy season
namely from June to November. In contrast, the decrease of population ecology was elosely
connected with a long daytimes and high temperature during dry season namely November
through May, particularly significant in April and May. Although the climatic conditions are
the most prominent factors for an outbreak of this pest. the environmental factors are - also
considerably important. Therefore, the serious outbreak of this pest would be close;ly correlated

with .climatic and environmental factors.
Results

According to the present study ecological study of this pest, the cllmatxc condxtlons are
the most effective indicator to determine the outbreak of the hopper. Macroptertus andk

brachypterous adults are usually ahufdant in the wet season when the temperature does' not
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change very much between day and night, The length of daytimes may decrease, while the
humidity may be constant at about 8595.The population of S. furcifera is gradually built up
from June and begins to decrease in December. The increment of population is particularly
significant in April and May, in this season the weather becomes hotter and drier in South
Vietnam Although climatic conditions are main factors concerning the outbreak of this pest,

heavy infestation of rice plant presumably depends upon the cultural practices and microhabitat.

Summary

The White-back plant hopper, Sogatelld furcifera Horvath is a major pest of rice plants
in favorable weather in South Vietnam. It produces more than sixtesn generations a year.
The degree of infestation varies from year to year and is usually associated with climatic
conditions and multiple rice practices. The hopper population is high in wet season and low
in dry hot season. The pest attacks rice plants causing more serious injury on differential
stage tf;;an fhgit of the tillering stage. Because at latter stage, the multiplication of this pest
is easily influenced by some external factors such as wind velocity, length of daytimes, number
of cloudy days, water level and hill spacing. The damage to rice plants in irrigated fields is
more serious than that in the ordinary fields where water level is usually high. Therefore, the
outbreak of the pest in Central Vietnam is more serious than in South Vietnam, as the envi=

ronmental condition would be suitable for it multiplication throughout the rice growing season.
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