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Technical Bulletin No. 1015 . Deczmber 1350

UNITED STATES
gj DEPARTMENT OF AGRICULTURE
= WASHINGTON, D. €.

Insects and Fungi As Causes of Pecky Rice’

By W. A, Dovanas, erlomologist, Bivision_aof Cerval ond Forage Tnsecl Tnupestiga-
tong, Rureau of Entamology and Plant Ouarantine, and B, C, Tus, patholo-
gist, Dipision af Cereal Crops wwd Discases, Burvww of Plant Tndustry, Soils,
and Agrieultuwral Engincering, Agricnftural fesearch Administration
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INTRODUCTION

Riee kernels bearing spots are known to the trade as peeky rice,
These spols are injuries caused by stink bugs or disease orgunisms.
The annual loss from pecky rice in Loutsinne, Texas, and Avkansas
for the period 1930-38 wias aboul $463.000°  An estimate of losses
from peeky rice, compiled e 1937, s summarized by Hyslop?

Pecky tiee enuses considersble loss 1o both rice growers and rice
mibyrs. gl milling, the peeky viee breaks more easily than the sound
vigey whith tocans thal the pereentage of bead viee is lowered while
thOperef@inge of broken vice s inereased.  The black spots on the
mipled i@ lower the murket price of sueb viee.  Beeanse the milling
geolity @ riee contuining logh peccentages of peeky kernels is low
aed thes@arkel value of the milled sice from such lois is also low, the
fg@er @ecives less from the miller for rice containing pecky kernels
them fomgice that s free of this defeet

T adlition 10 pecky riee, the less due to emply florets, o condition
of sterility, is also eaused by stink bug injurv.  This type of loss has
been estinnted st 33,600,600 per year.

' Submitted for poblication May 12, O30

* This figure is based on the riee handled by the grading oflice of e Federal
Rive Supervision aud the Toderal-State Lispeetion Hervice of 1he CGrain Hraaeh,
U, 8 Produetion and Markcting Administration, and she available records of
rice sales,

THyseor, AL LOSEER OFCARIDNEDR BY INRECPE, MEPES, AND TICKS (N PHE
UNIFED SPaTes. UL S, Bur, Bol. aod Plani Quar. F=334, 57 pp. 1938, [Pro-
cessed.)
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In 1933 investigations werc begun by the Bureau of Entomology
end Plent Quarantine, in cooperation with the Burcau of Plant
Industry, to determine the relative importance of inseets and lungi
i the production of pecky rice, and #lso to devise methods of preven-
tion. These preliminary studies, conducted at Crowley, La., and
Beaumont, Tex., indicated that the rice stink bug (Soluber prgnar
(F.)) and t.wo fungi, Helminthosporium oryzae van Bredn de Haan and
Curvularia lunata (Walkker) Boedijn, were largely responsible for the
condition. In 1934 the writers storted a series of experiments to
determine the relative -importance of inscets and fungi in causing
pecky rice. The resulis of these investigations that have not been
published previously * %% are reported in this balletin.

DIESCRIPTION OF INJURY

Ficld observations made by Ryker and Douglas 7 showed that the
highest pereentages of pecicy riee ‘oceurred in a field that was severely
mfested with Fietminthosporvum and also had o high stink bug popu-
lation.

The present weiters found that pecky rice falis into Ihwc symptom
groups. The first type, most commonly spoken of as “pecky,” is the
msect: stigmonose, or so-called O type (fig. 1, A and 7). This is
roughly cireular ]{‘Sii)ll, in some eases shranken, and with or without
diseoloration.  The second type s charmcterized by o general brown-
to-black, or vecasionally vellow or red, discoloration of the whole or
part of the keruel.  Ina fow cases, small, black selorotial bodies may
he found under the kernel cont in this type of injury.  Sueh kernels
arc referred to as discoloved, or 1) type {(lig. 1, 1}, The third, or
I tvpe is charneterized by a linear black discoloration, usually on tho
hase, but it may be on the tip or side of the kernol (fig. 1, ). The
kernel cout is usually broken.  Decanse the O type bas generally been
known to growers and rice graders as pecky, thati, term will be used
lo dealgmm- the siigmonose I\ pe of injury i this paper.  The other
Lypes will be called “oither the discolored or the T tape.

Inseel feeding, or extreme damage by fungi, also resulis in o high
percentigre of so-called sierility, T this t\pc- of injury only the
shriveled kernel cont is found inside the glumes, and ‘in the studies
reported in the present paper these kernels have heen classed
sterile, although actunbfly 1the condition is the vesult of exteene darme-
nge by oneor both of the agencies mvolved, rather than true sterility.
This civor in elassification was unavoikdable boenuse no priccticable
method was found for separating the actaally sterile florets from those
severely damaged by insects. The extent of this {ype of dannge can,
lowever, be aip]nu\mmlt-il by & comparisou of ihe number of Harets
listed us steribe i any given treatment gronp with the average number
ite the condrob s, whieh were sereened 10 exclude inseets.

! I)m Az, W AL ENTOMOLOBICAL I8 ISTINATINNE [N FIELD  INSECTSL
Rll v kg, Sia., Crowle v, L, Bien, Rpo, 1938 310230 193

— == STDIEX 0F Illf E STINEBUG PPV LATIONS WITH SPECEAL HEFEGRENCE 'O
lm AL amcraTion.  Jour Feons Foto 32 o210 300-306, illus, 1934,

RICE FIELD 'I_.'\'Sl':l"l‘:'i. Rice Expr, 8, Crowbey, Lo, Bien, Hpi.
.l.‘lJ?—-dB‘ 1711 FIKR,

FlRyeew, T C, and Doranag, Wo A peesy mire asvvestiganions, Rice

Expt. Sta, Crowley, La., Bien. Rpr, 1937 38: 1% 20, BRE8.
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or collulose-voated sereen an one side and domestic sheeting on the
olher three sides.

The soil in {he cans was kept submerged until the riee was practieally
mainre, and then the eans were drained. This teeatment gave the
eagul rice the same growing conditions as rice in commercinl fields,
except that all but minute insects were exeluded or mchudad s destewd.
After the cages were placed on the cans, G-inch bouwrds were nailed,
hox-fashion. around the bottom of each eage, aned the spaee hetween
was filled with soil fo prevent insects from ernwling up between the
frame arel the can. Round heles aliont 8 inches in dinmeter were
cut i the materials usel for eage coverings, and cloth sleeves were
tied into knms that coubl be untied when i became necessary to pat
inseets o the eages with the vice or to remove them. By using this
method there was very litthe danger of contamitation by insects
other thap those tiroduced info the eages. Indisenssing treatments,
potations were made as 1o the type of material used for enge coverings.
Cages used in these experitents aee shown in figure 2.

Frovne 2.0 Capes used i experinents with peeky riee,

When the riee renched (he so-ealled “hoot™ ztage, inscets were
releasced in teiplicate sets of the enges 10 b infosted, exeept that the
cages enclsed with 30-tnesh copper were ran in duplieate through the
u‘xpl‘l‘ilm-niﬁ. The hoot siage i renched o shaort time |ll'im' to the
emergence ol the panieles fron the Leal sheaths, and s noficenhle
heenuse the flag Gops Joad esually deoops and the upper pare of the
shont is swollen. The introduead ingects were allowed to Teed on the
rice antil iU renched matagity, which was approximately 30 days
after the panicles cnnerged.
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Currune or Funet

When the rice matured, the cages were removed and the rice was
cut by hand and placed inside the laboratory until it was dry enough
to thresh. 1t was threshed by hand and sterile florets were counted
and disearded.  Filled kernels were weighed and later removed from
the glumes by a Smith shelling device, which temoved the hulls
undet controlled and uniform eonditions.  The kernels were graded
necording to the system used by the Federal Rice Supervision and
Federal-State Tnspection Serviee of the Grain Branch, UL 5. Produe-
tion and Marketing Administeation.  The pecky kernels weree then
soparated from the clean ones and were divided inio the three clusses
necording to type, after whiel the kernels of cach type were surface-
stevtbized w o merearie ebloride solution (121,000} for 1 minute, then
washed in stezile water, and plated on cornmend-tgar or o water-agar.
After 10 days or 2 weeks the fungus colonies that had  developed
were ddentified and the resulis were tabnlated.

Tlye enusal fungi from rice kernels s from spots on green leaves
were alse identified from tissue platings, and cultures were made from
the lews and beaks of stink bugs to see whether spores of the fungi
found on the rice plants might have heen carried by the bugs.

FEATOMOLOGICAL INVESTIGATIONS
Cank ISFESTATIONS

SOLUBEA PULGNAX (F.)

From 2 to 14 stink bugs were placed in each eage and were allowed
10 feed on the developing grains of the rice plants growing in the euge,
s previously deseribed. During the years 1933-37 the numbers of
stink bngs bred in the cages ranged from a few o over a hundred, but
in 1938 a econstant infestation was maimtained by removing all stagres
of the insects every 14 davs and reinfesting the eages with bugs
collected from commerein] fiehls.

The pereentage of pecky riee foumd in the eages ranged from 5
where 2 stink bugs fed in one cage to 76 where 14 fed inoaeage (tuble
3. The severity of kertel diseoloration was also proportionately
grenter in eages with high infestations. The average number of pecky
kernels for infested eages was 306 and for the control cages, 76, The
actunl weight of matural grain was reduced from an aversge of 57
grams in the controls to 39 gmins in the cages with large stink bug
sopulations,  The rice harvested from cages with large numbers of
Lugs was often wround to powder when shelled in the Smith shiclling
deviee, heeanse the infested kernels were so severely damaged that they
wore chinlky and sofr.

Soveral sets of eages were infested with Tourth- and fifth-stage
nymphs,  [n these enges the peeky kesnels ranged from 6 pereent n
1947 10 40 pereent in 1935, The nymphs fidd on the developig ker-
nels, buf the pereentage of preeky viee in nymph-infested enges was
mueh meore varinble thae in enges infested with adult bugs.




T ABLE | ——-«Fﬂec s of insects-on rice flovets and kernels in cage experiments at Crowley, La. 1.934—38
SOLUREA PUGNAX (l'

Tnsect infestation

6 fifth-stage nymphs

10 fourth-siage nymphs

Lopair of adaltz_.
3 pairs of adults

5 pairs of adulis

7 pairs of eduliz

3 paire of adults in eloth field enges

Jrev—

ERT—

500 in (lul h CORCS L
300 in cloth cages

dU1035
4 136
1037

1938
14934
1935

1936

1937
1938
1034
1935
1936
1037
1934
1935
1036
14937
1938
1934
1935
1936
1936
1938

1436

1937

1938

i
i

i
i
i
|
1
1
1
|
§

|
!
i

11,006

Florets

¥

Kernels

Total

i
!
Sterile !
!

\ " mbt’l
6, 847
6,215 1

10,227

8, 86
6, 6H59
4, 790
413
, 020
, 332
801
HH 1
7,192
100
b, T76
5,934 ¢
638
, 726
7.337
5,808 i
5, 781 ¢
6, 832
7,024
3481

HAPLOTHRIPS @

2, 150

7,327
6, 475

Pereent: |
24 1
34
24

.‘W ;

34

o !

71
71
72

23
39

17

Total

Nrvher !

lh\\ll!\l\

5,380

'
'
i
t

Peeky !

;
i

D

Nuwniber

161

367
149
231

Tagy

743
280
303

73
55

66
114
377

295

7

158 |
373
474
81

ll()(ld

l 672 :
1, H02

2!
68
39

0

L.

Total

Total sterile
florets and
pecky kernels

Niimber

1, 467
5320
321
285

"o

174
26
180

1,230 1

345
286
sl
643
(21
1,335
1,351
Y
439

A

§
i
|
B
H
1

18

36
40

U Number

6

13!

. Pereent

29
40
12

6

8
14
44
14

2

3,010

Number i Percent ?

2, 791
3, 766
3, 357
3, 108
3, 063
2, 039
3,550
2, 857
3, 777
1, 729
3, 029

3 916

4, 441
6, 718
5, 583
5, 200
5, 047
4, 616
4, 281
4, 882
4,773
5, 823
507

518
2, 999
1. 204

100 in cloth
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100 in cloth cages..... . ... 1036
150 in cloth eages.__....._.. ... ... ¢ 1937
50 inclotheages ... .. ... ... .. t 1938

Ty
1937

50 in 30-mesh copper-sereen empge - L :
» CHEC L 1938
i

1934
1935
1936
1937
1938
1934
1935
1936
1935
1936
1937
1938
1936
1937
1936
1937
1938
1936
1937

None in cages not sereened . . _

i

|

None in 18-mesh sereen cage . .

None in 30-mexh copper-sereon eage
Nong ineloth eage in fieid
Open field, natural infesiation .,

Cloih eage, natural infestation .

None in 2 Javers: of 18-mgsh sereen

around panicle .- C1037
Ficld 18-mesh sereen - ot 1938
Cloth and cellulose-coated sereen .0 1038

4, 136
7, 194
6, 141

PAROMIUS LANG

9, 356 |
i 10,530 |

5, 655 |
7,887
4,204 |

10, 034
S, 793

G, 332 4

6,000

210, OLF |
103,358 |
5,781 1
5,766
4,425 1
iR 867
P13, 435
2, 760
A4, 544
5,780 !
4,671 |
10, 543 |

L 10, 580 |
2, 136 ¢

6, 300"

24
39

27

36

26

CONTROL

23

26 .
25 |
38
15t
14

23
5

L3130
1, 360 |
4,491 |

i

6, 000
7,752

THAMNOTETTIX NIGRIFRONS Forbes

P

164
43
80

vLus (Dall))

{4,338

5,873 |
3,227 1
G, 189
7.517
5,183 &
4600
8, 522 |
5975
4, 867
LO97
153 1
130
L0930
144
3. 957
3,677 |
7, 566

1,198
5, 433

84
137 ]

172
261
206
144
261
203 |
107
247
90
16
186
152 ;
1R}
74
74
104
62

110 |
17
69

34

60 |
0

12

3
&

3, 956
3, 468

FS R ———

2,013
2 580
1, 366
4, 108
1,472
1. 548
2, 206
1,762

508
1,202

880

291

2, 648 |

8, 685
766
697

1,051

1,149

3, 082

2, 757
972
951

014 AMOAd J0 SASAVD SV IDNAJL ANV SLOASNI

! D=discolored; O=circular stigmonose injury by inséct‘s; L=linear black discoloration probably meehanical injury to glume. - In
1934 the pecky kernels were not so classified. ? Pereent of total florets.
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Kernels from which stink bugs have suckel practically all tle cou-
tenits never develop into millable vice. and the Josses are severe, In
this paper the kernels thas njured are elassed as sterile. When riee
kernets develop normadiv, they heeome heavy and cause the paniele
to droop. Az iU emwrges from the boot the panicle is ereet, but, as
the kernels mature, iC gradually bends over and the branehes tend 1o
separate.  The effeets of the feeding of varying numbers of stink bugs

on the kerneds are shown in Ggvre S, i whieh 30 may be seen that the

Number of
stink Sugs
oar coge

Frea g%, Fitoer of vaesTog numbers of tink tigs on the producetion of viee grain.

panicles wore tehner and more erect when fewer stink bugs were
confined on thom, Eaeh bundle of vice in the illusteation is the endiee
growth front a single enge of 30 phints,

The sterility paaered Trom 77 peeeeat in heavily infested cages (o
B percent i the control erress The average =teridiny i these experi-
ment2 for noneaed controbs was 26 pereent. In only =ix cases did
the pererntage of stecility Tall below this fnoany of the stink-bug-
infestod] eage<s The speriliny wverngeld L poreent Tn 1983 58 in the
BU-mesh popper-sereen cages, whereas in wbjaeent wsereened cheek
eres i the same vears it was 25 pereent,. Howevers when eages
were plaeed inriee field, stevility was higher in the sereen sl i
the eloth eawes than in the nonsereenesd cheels,

UTHEN INSECTS

A amadl suekine inseet, Preomins fopgatus tDallo, was eaged with
Fiee i 10T aml TuEs. T 1087 the pereentige of peely keenels oo
cage cotrtaining S0 ol these nserts was 10 as comparal with 2 pepeent
in S0-mesh cappoe-sereen uninfested eagess T 1088 the peeeentage of
peeky krrels moa ciwse containing 300 inseets was 8 pereent, as eom-
pared with U opereent o the conteol eagess As showa i ligure 15,
e tvpe ol kernel imjury i< oadmost fleptieal with that caosed by
Nedubea pugaerr, the mann dilferenee being that the desions on the
kertels are stadlor sned move neavly vound. P20 longuiine caused an
Inerease of 20 peeeent T sieriline in EET and 200 pereenn i TSN,

From 100 o 300 Fapiothrips geancinis Hsod were released on vice
weown inoelath and eelhilose-eoated ereen eagesc Plhere was no
sighifieani inerease in peeky kernels oo steeile flovetsc From 5t
o 150 Jeafhoppers, Thamaotettie wiprdfrons Forbesowere veleased in
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the same type of cnges and eaused no significant additional injury
to kernels.
FIEL® OBSERVATIONS

Bimk bug populations in Lousiana oo PTexas rice fields were also
studied in velation te the oceurrenee of pechy rice and fungus disenses.
Populntions pes nere were estimated from the number of bugs eaught
i 400 ned sweeps, covering shout one-twelfeh seve in ench field.  Rice
kernels wore colleeted in ields that bhasl renelied the Iate dough stage
amd were culturad for dsease organiss. Maiured riee was also
collecied from some fivlds, and cultures were made from the peeky
kernels,

The highesl estimated avernge stink bug popolntion for any ene
yeae was 2430 bugs pee aeres The sinximum estimaied population
e any one field was 18446 per nere in a ficld neae Katy, Tex,  The
avernge popalation eound Bnede 1 Texas for fields B2 which the e
was in the milk and dough stages was 1,214 bugs per acre. The
average stink bog populations pee aere in Texas were TAGS a0 1934
683 i 1935 H82 1n 19536 2 461 v 1037 annd 1,277 i HISS,

These inseets ppparently aee attraeied e e eice fields when
the panieles begin (o eaerge. To determine the disteibution of stink
g populations and injury withia fields, six repeesentative fiokls of
Blue Rose rvice in the same stnge of growth were studied ereh voar
from 1035 1o 1958, inelusive, in the viewity of Crowley, La.  For
eich fiekd the snsnbers and stages of stink bugs in 200 new sweeps pee
haif-acre on the levee adjacent o the field, within the field but near
the levee, and in the cenier of the field were recosded 2t 3-day intervals
from the tme the punicles eierged aatil they matured,

Tanwu 2 decrage stink bug populations per aere al 3-duy intereals
Jrom emergence af punicles to their maturity at difforent locations in
v wdjoining 6 fields of Biue Bose rice near Crowley, fa., 193538

i Jesie Within the field

Interval tdaves atdjacent

tir tinld

Near bevep in coenter

638 1149 T4
A% NETE 1, 432
GOS 1, 620 47
64 i, a6

B8O 1, 620

Gtr 1, A0

30 1, 38K

=0 11 401
)4 I, D36 86

As shown in tuble 2, there were no proasouieel changes i stink
big abundance dacing that pesied on the levees adjacent 10 ihe
fields.  Within the fields, however, the popodntions varicd with the
stage of maturity of the vier, oereasing until ahous the twelfth day,
when the rernels resiched the dough sinee, nad devrensing therenfter,

AN G ] a2
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The population in the fields was heavier near the levee than in the
center when the stink bugs were entering the fields during the first
6 devs after the panicles began to forny, atul again when the stink
bugs began io leave us ihe rice beeame more mature, T sterility
caused by stink bugs was mueh higher near the levee than in the center
of the ficlds, because of the larger population at the leves soon after
ponicie emergence. The rice was then in the mills stage and the
entire contents was sucked ount.

Stink bug populations varied widely from yiar to year, both out-
side and inside the ficlds, ns shown in tuble 3. The aveenge stink buy
populations per acre for the season were ealeulnted from the sweep-
net records, miul the proportions of peeky rice near the levee ad in
the center of each field were determined.  The pereentage of pecky
kernels, in genesal, increased as the number of stink bugs incrensed
in 1he field, both near the levee and o the center,

Tasrr 3— Average aninal stink bug populations per acee at different
locations in or wdjoining 6 fields of Blue Bose rice and uverage per-
centage of pecky kernels vear vdge and in centor of the frelds, Crowley,
La,

Perceni of peeky

Number of sfink boggs kernols

Wiihin ihe field
O tever
aljnernt,
iy ficld

levow o In center
_ _ within  © of Aeld
Noenr leves In center fivld '

. e 824 : 804
1086 R Sk . [, 8k
L 441 . ' Loy !
1938 ... ... L i Hah

1

el =—ee—

Average  _ g7 218 I, bt

AL the time these invesiigaiions woere conducied the only menns of
conirolling damage from these inseetz was Iy planting long, slender-
grained varictics, which have been shown o be tess severely affected
than the medium- and shoei-grained varieties, such as Blae Rose,
Insceticiles now aviilable offer a possible solation of this insecl-con-
wrol problem, e data obtained by the present writers indiceate the
need for Turther investiention intn the insectividal control ot peeky
pice. Presumably, the (vpes of rice preferred by the stink bugs will
continue io be grown in some seetions of the arca wheee the bigs are
ahundint,

PATHOLOGICAL INVESTIGAVTHONS

During thie prelimineey investigations it scenund desivable o de-
termine wheilier ihe ree stink bug mighi be responsible for some of
the sprewed of fungd cultured Troni the peeky kernels, A détermina-
iron A the Tungt causing ihe Teal spots was neade by leaf-ti=sue plat-
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ings, and then the lege and besks of some of the stink bugs were col-
lected and plated. Since it was desired to determine whether or not
the spores were carricd by the bugs, the legs and beaks wore not
su:face-sterilized. The results of these platings are shown in table 4.

TaBLe 4.-—Numbers of fungi isolated from rice leaf syots and from

beaks and legs of stink bugs, 1934~33

Fungt izolated L r;'::,tl;'u{ t ro:_::l;::“k

Helminthosporium aryme van Breda de Hasn_____. i) G
Crreosport oryzoe Miv oo _ . . . . _.____ ... " -4 0
Nigrospora oryzae (Berk. & Br) Potehy_..__ .. 18 22
Curvularia lunata (Wakker) Bovdijn__. _... ___ .. 2 ’ 18
Cladosporivam herturim Link ex Froo._ . ... ] 26
Fustrivem spp_ oo . _____ .. _. e i mm——mm o 0 17
Plhoma spp_..,. . e e e g e o 23 i1
Helminthosporivm sp ... oo .. 8 ¢
Miernaria spo___ .. __ T 0 1
Oielivian sp_ ____._.. e e ema- i i}
Fruiciflivem sproue oo 0 15
No fungiobinined. _.____. . .. .. . . 3 24

Tobsl oo e 137 150

Tmmature kervels fed on by stink bugs were surface-sterilized snd
plated on water-agar. No fungus developed on 30 percent of the
kernels, Helminthosperiwm oryzae doveloped on 30 pereent, Fusariuwm
spp. on 20 percent, and Curvularin lunata, Phomea spp., und Aspergiltus
spp. on the remnining 20 percent.  Trom tissuc platings of glume
spols in the imunediate vicinity from which the above-mentioned
species were found, 17, oryzae developed from 40 peceent, €. Lunata, from
12 pereent, and Phoma spp. and Nigrospora oryzae from 14 percent,.

he venmaining 34 pereent produced no fungns.  The kernels that
had been attacked vanged in size from “shoe peg” fo fully formed
grains.

These results show that, ai the times when the platings were made,
it might have been possible for the stink bugs to enrry the spores
of Nigrospora oryzae, Curcvlazia {ynate, snd Phoma spp. and thus
spread these fungi,  However, Phome spp. is the only one that is
very likely to have initiated infection on the leaves or glumes, as
the first two are bargely secondaey o naiure and are found on dend
leaf tips ov on ohl spois thai lind Deen produced by Helminthus porium.
oryzae. 1t is of intevest that neither 21, aryzae nor Coreospora. vryzae,
the two most inporiant and widsspread leaf spot fungi, were isolaled
from the bugs, even thongh considerable spotiing cnused by boik these
fungi was found on the vice at ibe linie the platings were made.

Six fols of rice contuining pecky kornels were received from Gal-
veston, Tex., in 1934, and the pecky kernels were sepueated and
culiured.  The results ave given in table 5. Most of e fungi
cultured from these lots were Curewlaria, lunate, Helminthosporivin
oryzae and Trickoconis eaudata (Appel wnd Strunk) Clements.




Tasie 5.—Fungi cultured from pecky rice received from a Teras rice-milling company in 1934

Number of kernels with—

Helmin- . Triche- i Clade-
el L Fusarium T t Phoma - e

thosporium i conis sporium
oryzae R caudata e herbarum

Kind of ri d ty injury ; .
B rice and type of injury Curvularia

No fung lunata

‘Pohshed
0

ghghﬂv D
) Sclerofioid bodies !
Brown:

D

Stightly D

Sclerotioid bodies
Polisged:

Shghth D
Brown:
(6]

D i

Slightly D

Selerotioid hodies.. . ____ ... ... __
Polisged: )

Shghtl y D
PohsSed

Shghtl\ D
Selerotioid bodies

1 These kernels were not discolored, but small, black sclerotioid bodies were present just under the kernel coat. All were removed in
the milling process.
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In addilion to the platings referred to above, platings of pecky
kernels from different sources were made in 1933 and 1934. The
summarized results of these platings are given in table 6. In the
samples from Beaumont, Tex,, in all three types of kernel injury,
distinetly higher pereentages carvied fungi in 1934 than in 1933.
The leaf spoiting causcd by Helminthos porium oryjzae was ulso more
severe in Texns in 1934 than in 1933.

In 1934 and 1935 isoletions were made from sll pecky kernels in the
cage experinents at Crowley, La., and from 1936 through 1938 from
10 percent of cach 1ype of kernel injury. The results of these platings
are given in table 7.

Conshlerable fluetuntion oecurred in the pereentage of fungi found
on the plants and grains in the years covered by these experiments,
On the basis of tolnl pecky kernels, Curralaria tunate reached o peak
in 1935 of 16 pereent, then dropped to 11 pereent in 1936 nand to 10
pereent in 1937, but inereased to 13 pereend in 1938, Fletminthosporium
gryzae in 1937 eaused more than (wice as mueh injury as the £ perecnt
maxtinum in 1934-36, and then dropped to 4 perecnt in 1938, Tricho-
conis caudata increased from LE percent in 1934 10 13 perceat in 1935,
then dropped Lo 7 pereent in 1936, and inereased again to 9 percent
in 1937 wul 14 pereent in 1938, Phoma spp. dropped from a high of
4 percent in 1934 to 3 percend in 1935, Lo 4 percent in 1936, and (o
3 percent in 1937, bub increased to 6 percent in 1938, Fusarium spp.
ranged from 2 to 21 percent; but, inasmuch as these fungi do not
cause discoloration, they are of no particular interest here,  With the
exceplion of the Pepicilfivm spp, in 1936 aml Epicocevmn neglectum
Desmy, in 1935, none of the other minoer fungi listed here woere abundant
cnough to be signifiennt.

The averages for the & years show that the discolored group, which
is Lthe group ﬂu-gt.‘ly prodiced by Tungus attack, constituted the largest,
pereentage of kernels from which fungi developed, followed by the
0 gerovp, with the L group lowest,

Of the species that cause discoloration, Cwrenlaric funate, Tricho-
conis enudata, and Fusarivm spp. were most ofien cultured from the
discolored kernels; Helminthosporivm oryzae, Fusarium spp., Phoma
spp., T, ceudate, and C. {ungte from the I, ivpe; and Phoma spp.,
T. ecaundata, Fugariwnt spp., and C. fuacte from the pecky kernels,
There was a variation of only 4 percent for Fuswriwm, and the other
fungi were present in so few kernels that iliex were not considered
importan during the period covered by these investigations.




TaBLE 6.—Fungi isolated from pecky rice received from Arkansas, Lovisiana, and. Texas

r

Percent of kernels with—
Total
. pum-
ber
of
kernels

Type
of
kernel
injury

Helmin-

Iv'u&a- Tricho- ’
thospo- |~ - coniz Phoma ?the’!.
caudata | 5PV ungi

souTce . .
Source Curvie-
laria

. riwm
lunata

orjzae Spp-

|

Stuttgart; Ark
Crowley,; La

—

T ek ST 00 BN D D e

Beaumont, Tex. ... . ...

Stuttgart;, Ark
Crowley, La

—
[y

Beaumont, Tex_ ... .. ...

Stuttgart, Ark
Crowley, La

i e
O e TV i 1D TV e i TUND
—

s
P 0 Q1O GO ST = DG =T O

NOSTWOOR=NODHIW

Beaumont, Tex....l. ... {

—
=)

SIHH\UIHOIMLDV 40 "LdA4 S ‘A ‘101 NLLAi1Ag TVOINHOAL ~ [
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In 1938, in addition to the introduetion of bugs inte the cages, some
of the rice in the enges was sprayed at flowering tine with 2 mixture
of Helminthosporium oryzae and Curewlario lunate. This treatment
increased the number of kernels in the diseolored group (table 8).
The number of discolored kernels per eage inereased from an average
of 81 in control (nonineculated) rice to 129 in ineculated but not
bug-infested lots.  The average number of diseolored kernels for
noculated and bug-infested lots was 127, and for bug-infested lots
alone it was 132,

The results of platings of approximately 10 pereent of the kernels
representing cach fype of kernel injury are given in fable 9. A sig-
nificantly larger number of discolored and pecky kernels from the
mncnlated lots produced Helminthosporium oryzae and Cursuloria
furata than did the kernels from the conirols.  Apparently the inocu-
lations with the fungus produced infestation of o mueh larcer nmber
of the kernels than s normanl.

A comparison of the percentage figures foe the 5-yeus wverage, wilh
I year's results from lots inoculated with Helminthosporinm oryzae
wnd Cwrenlaria Lunale, shows that, as g resull of inoculation in the
pecky group, O lwnata was isolated from aboub twice a5 many kernels
and I pryzae from three times as many kernels as the S-year average;
in the discolorad group O tunate was isoluted from about 5 pereent
fewer kernels, but f1. grycue wis isolated Trom over six thnes as many
kernels; i the Logeoup € fienate was isolated {from nearly thres times
as many keenels ns the 3-vear avernge, and Fi. oryzae from a somewhat
stabler number, '
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e it 4 e s e - R
T

1934 L 32 ; ) (o
1. 15 S ' Lo 37 2 2, 1
0936 ... T U hge : i L0
1987 . oo 493 R 1. 1] 1
1038 . 4 ; 04 (e

Total oraverage..._. ... I j L 1

L (LINEAR 'I‘YI‘I'}) INJURY

b R e e o . - o S

VO34 .o i 4 2 o0 0 | i

W35 T T 20 A 20 0 r P 34
1936 ... T CTha a1 L0 2 . 26
037 ... ... . . 5} T 0 0 ! L2
W38_ 15 ; 0 ol ! Lo

Total or average . .. 1 a7 5 | i : 5 21 20
. i

i

st S e i e e
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HOIM XMO4Ud 4O SIASAVDO SV IONAL ANV SILOFSNI

41




TasLE 8.—Average amount of pecky rice of different types and clean rice per cage after artificial inoculation of Blue Rose
rice with Helminthosporvum oryzae and Curvularia lunata at flowering time, in conjunction with stink bug infestation
at Crowley, La., and Beaumoni, Tex., in 1938 :

Pecky kernels : Pecky
Treatmeid Cages . ©o i Clear: kernels clean
R S [ . . - broken

: vies O tvepe Civpe To |
CDotyper Otype o Loiype Iotal i kernels

4

! :

CNwmber T Number  Number + Number : Nuwber i Grams ¢ Pereent | Number | Grams ¢ Grams

Inoculated only . , , : 3 1249 0 22 151 3 403,240 | 65 10
Inoculated, then infested . : 127 284 & 30 R 9 17 02,070 41 9
Infested, then inoculated 138 764 ¢ 24 931 ] 18 41701, 367 | 28 21
Infosted oniy - 112 520 42 694§ 1 310 1536 30 15
Controls. .. v , : 2 81 . 10 16 108 | 2. 3 3 450 70 12
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SUMMARY

Rive kernels bearing spots are known 1o the trade ns peeky viee.
This condition causes eonsiderable loss to riee wrowers and millers,
and investizations weee carried oul 1o determiaoe the relative impor-
tanee of nsects mid Tungi o the praduction of peeky nee. The pecky
kernels were found (o he doe do injuries by stink bugs o disease
orgnnising.  Three tvpes of spots wery common: Diseolorations {13
wpe), eireular stigmonose injury by dnsects (O typed. ol linear
bliek discolomtions, probably mechaniend sjury 1o the glame (B tvpe).

When eaged on growing viee while the panieles wee developing
aned maturing, the viee atink bug {(Solubea pugnar (F0 and the suck-
ing bug Peremivs fongulas (Dall) were found o iticvense greatly
the perventage of sterile or csapiy ghames, B enges keavily infestad
by the rice stink bog sterility reached 78 pereenis as compared with
6 pereent in wninfested cages. Wby Pecomius bags per cage ineressiid
the zterility over 20 pereent,

In eage expesiments sn inerease b wfostation by the rice stink buge
aid by the sucking bug inceeased the peecentage of peeky riee. The
Inreest inereases of peeky riee accompany inereases o both nseet
popabations and leaf spot fungi.  To el cnges in which either the riee
stk bug or the sncking bug was used. the b of peeky kernels
with cireilar stigmonose injury (0 svpe) exeecded the number of dis-
colored kernels, except in the cages containing the following inseets:
(1) 2 adult stink hogs, 029 6 wdult stink bugs, (3) 500 theips, and (43 100
leafhoppers in 1936, 2 wlult stink bues o V957 (0 2 adualt stink hogs
atidd {2} 50 lealhoppers o 108 The plants o these cages wege
inovtihnted with felminthosporium oryzec van Breda de Huan and
Curewliria Deneta (Wakkery Boedijn i 19380 I the sontrol lots the
numbir of dizcolered keenels exceeded the € wvpe in the Tollowing
cagear A-mesh copper-acreen in 1935 both 3ereened and unsereened
confeols in HSG0 VAT, minl 1948,

Frungi were culiueed feom 48 percent of the keenels with the O tvpe
sjuey aesad frot 59 pereent of the dizcolored kepnels,

The Tungi most freqoent!y assoviated with the peeky condition in
Fier were Cwerwlareio {unote, Fuserim sy, Phow spp,, Prichoeonis
eavdale tAppel & Strando Clemenis, and Helamintfosporivm ovyzar,
ArtMicial moeulation with 21 veyzue and ) Drrete 10 1958 eaused o
pierlced inerense in pereentage of keenels aitacked by these two fangn,

b % o CRNYCAT PRESY S0 *TTICE 1951







