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Black kernel and white tip of rice are common troubles causing
losses to rice growers each year. Laboratory and field experi-
ments indicate that black kernel can be reduced by preventing
heating of rice in stacks and in storage, and by the elimination
of old rice straw and other organic material upon which the
fungus lives from season to season.

White tip appears to be due to a lack of balance between
magnesium and calcium in the soil. Trials on a small scale to
determine the needs of a particular soil are suggested.
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BULLETIN NO. 584 MARCH 1940

BLACK KERNEL AND WHITE TIP OF RICE

Alan L. Martin*, Plant Physiologist, and G. E. Altstatt,
Plant Pathologist, Division of Plant Pathology and Physiology

In Texas, the rice-producing area of some 255,000 acres, occupies a strip
of coastal land about 50 miles wide and 240 miles long extending from
Jackson County to Louisiana. This acreage produces approximately one-
fourth of the United States rice crop, or about $9,000,000 annually for
Texas.

Rice is relatively free from such devastating diseases as the rusts of
other cereal crops. There are, however, several diseases and disorders
which affect rice in a less striking fashion and which are important factors
in successful production. Among the diseases common to rice in Texas,
black kernel and white tip cause appreciable losses, varying from one-
tenth to 1 per cent of the total value of the crop each year. The control
of these diseases is of interest to every rice grower. It was through the
efforts of some of the leading growers in the Texas area that a state
appropriation was obtained in 1937 for the investigation of black kernel
and other diseases of rice. This paper is one of the first publications
on the results of this work.

THE BLACK KERNEL DISEASE

During the past few years much of the rice produced in the Gulf Coast
area has been of inferior quality because of the occurrence of an occa-
sional jet black grain in the polished product. These discolored kernels,
which do not show up until after milling, must be removed by hand before
the rice can be marketed as fancy quality. Millers in the areas where the
black kernel disease is serious state that whenever it is discovered in a
crop the value is reduced 25 to 50 cents a sack (162 lb.) owing to the
expense of removing the discolored grains. Figure 1 shows the appear-
ance of these black kernels and illustrates how conspicuously they stand
out in a sample of polished rice.

The black kernel disease was first reported in 1935 by Taubenhaus,
Altstatt, and Wyche (6) when the seriousness of the disease was noted and
certain organisms were isolated from the discolored kernels. These inves-
tigators continued their work (5), (7), through 1935, 1936, and 1937 and
found that the disease could be observed in practically all commercial
varieties of rice. Inspection of 15 of the more common varieties, as shown
in Table 1, indicated that the percentage of wholly black grains varied
from 0.04 per cent in a sample of Rexoro to 1.1 per cent black kernals in

*Formerly assigned to Substation No. 4, Beaumont (resigned August 31, 1939).
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a sample of Caloro; other varieties showed percentages of infection inter-
mediate between these figures. Rice collected during the 1938 season indi-
cated that the Fortuna and Shoemed varieties were most severely affected
that year, while traces of the disease were present in Rexoro, Lady Wright,
Blue Rose, Caloro, Delitus, and Early Prolific. These samples were col-
lected throughout the Texas rice-growing area and the greatest number
of infected samples was found in the regions of Katy and Eagle Lake.

Black Kernel Caused by a Fungus

Investigations on discolored rice grains by different workers (7), (8)
indicated that black grains which retained their identity through the
milling process were most frequently infected with a fungus known as

Table 1. Prevalence of discolored and totally black kernels in different varieties of rice
grown at the Beaumont Station during 1935

Discolored kernels, per cent
X Number
Variety kernels

examined Light Medium Black
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Curvularia lunata. Several other fungi were frequently found associated
with black grains but the grains in these cases were usually chalky and
had a tendency to disintegrate upon milling. In our work also, Curvularia
lunata has been found to occur in from 40 to 80 per cent of the black
grains varying with the location from which the sample was taken.

More recently, the senior author has worked with the Shoemed variety
from the 1937 crop and with Fortuna variety from the 1938 crop. Sam-
ples of these were hand milled by rubbing the rough rice on a corrugated
board with a pig-skin-covered block. The discolored kernels were then
sorted out and disinfected on the surface by immersing for 5 minutes in
a 1-1000 solution of bichloride of mercury followed by a thorough washing
in distilled water. The seeds were then placed on a 1 per cent non-
nutrient agar and kept in an incubator at 35° C. for one week. Table 2

shows the occurrence of the most prevalent types of fungi observed in
these cultures.
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Fig. 1. Black kernels in a sample of polished rice.

Table 2. Fungi isolated in 1938 from black kernels of rice which had been surface sterilized
and cultured on non-nutrient agar

Percentage of kernels showing infection
o P
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From these results it can be seen that Curvularia lunate was by far
the most common fungous organism obtained from the black grains.
Helminthosporium oryzae and Alternaria sp. also produce black kernels,
but these organisms have a tendency to cause the grains to become soft
and chalky so that they disintegrate upon milling and consequently are
not present in polished rice. Trichoconis caudata causes small black specks
on the grains but these are usually rubbed off in the milling process.
Curvularia lunata was the only organism recovered from these grains
which was capable of discoloring the entire kernel without destroying
its hard, grain-like structure.

Infection Takes Place in the Flower

The prevalence of Curvularia lunata infections on the discolored seeds
led to a study of the effects of this fungus when placed on growing plants.
The pulverized black kernels as well as spores from pure cultures of
C. lunata were used to inoculate different series of plants at different
times during the period from seed to milling. In some cases the spores
were injected into the plants with a hypodermic syringe, other plants
were sprayed or dipped with an aqueous spore suspension, and still
others were dusted with pulverized black kernels. Treatments were made
by the senior author every two weeks during the growing period. Table 3
shows the effects of these treatments on the prevalence of black kernels
among the mature grains.

The fungus causing black kernel does not produce a systemic infection
in the plant. That is, unlike certain smuts of cereal crops, the fungus
does not become established in the stem or leaves before showing up in
the grain. When pulverized black kernels were placed in the soil with the
seeds there was no evidence of any infection in the crop. Stem injections
and spraying treatments made with spore suspensions had no effect on
the seeds produced. However, when the blossoming rice heads were dipped

Table 3. Effects of inoculation, at various stages of development of the rice plant, upon the
number of black kernels at maturity

Number of
i black kernels
Method of inoculating Inoculum used in 1000 grains
at harvest
Seed dusted at planting T S e A 0
Seed dusted at planting._ Black kernel powder.. . 0
Growing plants sprayed in field . Spores o 0
Growing plants injected in field . oo S POTESLI IS LR S S 0
Growing plants dusted in field.................... Black kernel powder.. . 0
Blossoms sprayed indields s 5 0l Jo . ol s e AL L e AN PR 12
Blossoms dxpped in water suspension. ............. SPOTRS . v o ol iom v 13
BI0SShEAS QUSEEHl TS e s ovts o (8 v s e e e B Black kernel powder.. . 233
Blossoms sprayed and bagged. ................... Sporess.l. ive e e Boathia 172
Blossoms dipped and bagged. .................... 5 R At e 107
Blossoms dipped, bagged, and incubated at 35° C.
after harvest..... R g LA LM S DOT R o vty o e or 129
Mature heads sprayed in shock................... SPOTOR . % wo s siacais v 58 0
Mature heads sprayed in shock which were kept
(e L e e E e Dol P e S 0
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or sprayed with a suspension of C. lunata spores in water, a large number of
the seeds were discolored. Dusting with pulverized black kernels produced
even larger numbers of discolored grains than the spore treatments. Pos-
sibly the fungus remains viable for longer periods in the rice grain than in
the spore stage and so causes infection as the flowers continue to bloom.

Seeds May Become Infected With the Disease But Will Not Become
Black Unless They Are Kept Warm and Damp

Practically all samples of polished rice contain kernels which have small
discolored spots on them. These “specks” may be black, pink, yellow, or
brown in color and vary in size from a tiny dot to three-fourths or more
of the kernel. When these kernels are cultured the spots often give rise
to various molds and bacteria. The specks are usually caused by bites made
by insects while the grain is in the milk stage. Several injuries often are
followed by infection with various types of fungi which cause a dis-
coloration. Curvularia lunata was frequently obtained in culture from
rice grains that have black spots and it was believed that these infec-
tions may have been carried by insects. Also, Taubenhaus (5) obtained
Helminthosporium sp., Trichoconis sp. and Fusarium sp. from cultures
of insect-injured kernels. During the spring of 1939 Shoemed rice grow-
ing in the greenhouse was used for an inoculation experiment in an effort
to reproduce conditions which might follow the bites of insects. A sus-
pension of C. lunata spores was injected with a hypodermic syringe into
some seeds in the milk stage and into others when mature. A few typical
black kernels were present when the rice was harvested and every inocu-
lated seed had a minute dark spot caused by the needle puncture. When
the seeds which appeared normal except for the puncture spots were sur-
face sterilized with 1:1000 bichloride of mercury solution and cultured on
a 1 per cent non-nutrient agar, C. lunate developed in nearly every case.
Later the seeds became covered with the mycelium and spores of C. lunata.
Table 4 shows the results of this experiment.

Table 4. Inoculation of immature rice seeds with C. lunafa as affecting the resulting numb er
of black kernels in the mature heads

Number of kernels
7 i Condition of Black
Method of inoculation kernel Inocu- | Matur- | Black after Showing

lated ing at incuba- | C. lunata

harvest tion No. %

Needle puncture. ........(In bloom...... 12 6 0 4 6 50
Needle puncture..........|Bloom—Milk. . bt B 0 1 3 25
Needle puncture. Al e SR 56 34 3 20 32 87
Needle puncture..........|Milk—Mature . 8 1 4 8 100
Dipped in spore suspension|Milk.......... 15 10 6 o 10 67
Dipped in spore suspension/Milk—Mature . 32 24 0 4 4 13
Dipped in spore suspension|Nearly Mature. 31 27 0 7 8 26

The seeds were gathered directly from plants in the greenhouse and
were kept free from such dampness and heat as might occur out of doors.
Since the humidity is much lower in the greenhouse than in the field, some
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of the kernels were incubated at 35° C. in a moist chamber. Kernel dis-
colorations were very pronounced after incubation under moist conditions
and many seeds became entirely black. More black kernels were obtained
from inoculations made during the milk stage than after the seeds had
matured. Most insect specks occur during this stage and it is likely that
insects in moving from seed to seed carry the C. lunata spores and spread
infection throughout the field. Many of these infections would not develop
into black kernels unless the grain became damp and heated either in
the shock or stack.

Table 5. Distribution and frequency of occurrence of fungi in dust from rice straw stacks,
as shown by exposed plates

Number of colonies of fungi most frequently isolated
s y B
3 s, g g : :
Location Variety 5 A < g s =
= S Y Y ®
o) g 2 2 2, = =
g = S T S 2 e
SR RSN L AR B N g =
= = S R e S S <
S = 2 =3 =3 = < =
= L i~ L ~ = ~ )
S & = = & S < o
Black kernel present in previous rice crop:
Iuagle Lake: v ] REXOTOL & hrinis s 2 72 3 0 3 b 3 0
aby ok ot b INHrall s el ol 7! 160 7 18 3 23 0 3
Katy il 2 Lady Wright. ... 0 44 0 0 6 34 0 0
B bty i e Lady Wright. ... 6 22 9 0 1 10 5 5
T e R e | Early Prolific. . . 0 164 0 0 13 16 0 1
Featy SO o 20 Lady Wright. . .. 2 27 10 0 2 4 0 6
LG R NSy Lady Wright .. .. 2 10 0 3 2 2 2 0
Katyes vt Lady erght e, S 59 2 £ 4 12 0 0
1S e Unknown . ] 3 3 4 1 12 3 42 20
Stowell oL/l Blue Rose. . .. .. 19 84 18 10 31 0 0 6
Black kernel not present in previous rice crop:
P TR s DR Sy Unknown....... 0 10 0 0 0 0 0 6
Alxires 5. S g Tnknewnh ey, 0 13 0 0 0 0 0 48
Angleton.......| Unknown....... 0 43 0 0 1 1 0 43
Angleton.......[ Unknown...:.., 0 6 1 0 1 1 0 3
Chapas i 40, Unknown....... 0 64 il 0 3 2 0 0
East Fannett...| Unknown....... 0 7 0 0 3 4 0 1
Eangett. . ..., " Unknown....... 0 6 (8} 0 2 1 0 19
Fortuna. ... . 0 80 9 0 1 14 0 4
Blue Rose 0 122 3 1 5 5 0 0
Unknown . . 0 0 15 5 1 0 30 0
Blue Rose. i i 31 4 4 3 1 5 10
Unknown....... 0 6 0 0 2 3 0 0
Condition of previous rice crop unknown:
Amelia:, 8,00 Unknown 1 300 4 0 7 1 5 10
Amelia. .......| Unknown. 0 70 6 5 10 0 0 0
Rmaehiar 0y Unknown 0 8 7 14 6 0 31 14
Changy. i 20, Unknown . 4 2 400 20 2 15 0 1 0
Eagle Lake....| Unknown....... 0 2 0 0 2 1 0 1
Eagle Lake....| Unknown....... 0 15 0 0 0 1 0 0
Futche s o 5 . Unknown....... 0 350 4 5 8 1 20 1
e 7O Blue Rose...... 0 3 12 0 23 4 0 2
Eassie oo, Unknown. . i 1 17 5 12 0 23 0
Stowell . -, .. ... Unknown....... 8 35 4 6 15 3 10 0




BLACK KERNEL AND WHITE TIP OF RICE 11
Natural Means of Crop Infection

The fungus, C. lunata, is extensively distributed and is able to grow
on decaying rice straw, weeds, and other organic matter. Since rice
straw is kept from year to year as a forage for cattle on many farms,
the dust blown from straw stacks may be responsible for spreading the
black kernel disease to new crops each year. Petri dishes containing a
rice-agar medium were exposed for about 10 seconds to dust stirred up
around overwintered rice stacks. In most cases, 5 plates were exposed at
each location. The exposed plates were then incubated at 35° C. for six
days and observed for fungous colonies. The cultures obtained from
stacks of straw, rice from which had yielded black kernels the previous
vear, almost invariably showed the presence of C. lunata. Some of these
exposures averaged 4 colonies of this organism per plate while neigh-
boring stacks yielded one and two colonies per exposure. When exposures
were made to dust from stacks on farms where the black kernel disease
had not occurred only an ocecasional colony of C. lunata was found. In all
cases decay-producing fungi were obtained from the exposures as well
as several non-pathogenic species. The fungi commonly obtained from
these cultures and the number of times they occurred are lisited in Table 5.
It is evident from this table that C. lunate was more numerous in those
cases where the previous crop had been infected with the black kernel
disease. It seems probable that C. lunate may overwinter in the straw
stacks and new infection may result from the spores being blown to the
blossoming plants the next season. Dry weather and high winds during
the blooming period may increase the amount of infection in the new crop.

Methods of Control

1. With our present knowledge of the black kernel disease, the destruc-
tion of all rice straw stacks as soon as threshing is completed -is suggested.
It probably would be well to burn the straw from the early varieties as
soon as the thresher has pulled away from the pile as this straw serves
as a source of inoculum for all rice which blooms after this early crop
has been harvested. In cases where the straw must be retained as forage
for cattle during the winter, it would be well to destroy the unconsumed
portion as soon as there is enough green pasturage to supply the needs
of the animals in the spring.

2. Weeds and volunteer rice should be cut and burned. Occasionally in
the rice fields and along the levees there will be weedy spots in which
the plants accumulate, die, and dry up, leaving a mass of debris upon
which the Curvularia fungus may grow and fruit, thus supplying spores
for infecting the next year’s crop. All such accumulations should be
burned before another crop of rice is planted.
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3. Due to the fact that threshing stirs up fungous spores on the rice,
this process is probably responsible for distributing infections from early
rice to the later varieties. Should the early rice be threshed while the
later varieties are in bloom it is possible that these varieties would have
a severe infection of black kernels from the spores distributed from the
early rice, which may have been only mildly affected. Whenever possible
the early and late varieties should be located on different parts of the
farm, preferably some distance apart. In this manner many infections
would be avoided.

4. Insect control in rice fields is impossible under present day prac-
tices, but, should the value of the crop justify the expense, this problem
should be given some consideration. Stink bugs and other insects which
move from grain to grain are probably responsible for increasing the
number of infections within a given crop.

5. The use of clean seed cannot be too strongly advocated. While black
kernel organisms are carried in the seed, no evidence of seedling infection
from this source has been obtained. It is possible, however, that seed
spilled on levees and roads at planting time may serve as a medium for
the growth of the fungus and thus produce spores to infect the new crop.

6. Many rice seeds which have small infected spots following insect
punctures will be milled out as perfect grains. However, if these grains
are allowed to remain damp and become heated in the shock, or in storage
after threshing, the fungus will grow through the grains and cause them
to turn black. In order to reduce the number of grains discolored by this
method, all shocks should be opened and dried as soon as possible after
a rain. Grain should also be thoroughly dry when threshed or dried sub-
sequently so that no heating can occur in the warehouse.

WHITE TIP OF RICE

A condition known as “white tip” is frequently observed in rice fields
during the midseason and late growing periods. Mild forms of this
disease are characterized by the appearance of white chlorotic areas at
the tips of one or more of the new leaves of the plants. In more advanced
stages the chlorotic area moves downward, usually involving about half
of the leaf, and one-half inch or more of the leaf tip dies and dries up.
When the flag leaf is injured the panicle sheath remains very tightly
rolled so that the head is compressed as it emerges from the boot. The .
sheath is frequently so tightly twisted that the head has to force its
way through the side. The flowers which are borne on heads that emerge
in this manner are often sterile or produce distorted grains, resulting in
decreased yields. The photographs in Figure 2 show mild and severe
examples of white tip. On some types of soil, the tip of practically
every leaf on all of the plants will be either white or dead and it is
generally believed that continuous use of land for rice increases the
prevalence of this disorder.
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Fig. 2. White tip symptoms on rice: Left, leaf with dead, colorless tissues at tip;
right, head injured by tightly rolled sheath.

The Effects of Magnesium and Calcium on White Tip

The white tip of rice is so similar to a condition reported in oats and
wheat, claimed (1) to be due to a deficiency of magnesium in the soil,
that a study was made of the effects of this element on rice. Since
calcium is known to influence the action of magnesium as a fertilizer,
the senior author has studied the effects of calcium alone as well as
the effects of various quantities of both magnesium and calcium upon
growing rice plants.

Soil which had previously produced plants with white-tipped leaves was
selected from the Beaumont Rice Experiment Station plats. When Early
Prolific rice was grown on this soil, white-tipped leaves appeared on 40
per cent of the plants. The first signs appeared after 10 weeks and from
that time on various degrees of severity were observed. The addition of
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various quantities of magnesium to this soil caused white tip to become
less/frequent as the amount of magnesium was increased. When the
minimum amount of magnesium necessary to eliminate white tip was
tripled the plants died before maturity.

In order to evaluate the benefits which might occur if both magnesium
and calcium were added to this soil, it was necessary to know what effect
calcium alone would produce. When various quantities of calcium were
tried on the soil, white tip was not affected and no other benefits were
observed. The next step in this experiment was to add both magnesium
and calcium to the soil. Both elements were added in all the concentra-
tions previously tried thus giving a ratio of magnesium to calcium of 1:1
and in other cases the quantities of the two elements were varied so
as to give ratios of 1:3, 1:9, 1:27, and 1:81. It was observed that a
proper balance between magnesium and calcium was very important in
order to avoid the white-tip condition. Although the addition of mag-
nesium tended to eliminate white tip it was found to be toxic if applied
in too high concentrations. The presence of calcium did not keep the
magnesium from producing the desired effect yet it tended to permit
higher concentrations of magnesium without injury to the plants. Benefits
were produced over a much wider range of concentrations when both
magnesium and calcium were added than when magnesium was added
alone. The best results were obtained with this soil when similar quan-
tities of magnesium and calcium were added. A more complete treatise
on the effects of calcium and magnesium on white tip has been pub-
lished elsewhere (4).

Recommendations for Controlling White Tip

The variation in nutrient properties of different soil areas must be con-
sidered when determining any corrective treatments. Trials conducted on
a small scale should help to ascertain the requirements of similar larger
areas. It is suggested, where white tip occurs, that 200 to 300 pounds
of magnesium sulphate or 500 pounds of a high magnesium lime be
applied per acre.
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