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Among all diseases of wheat, seed-borne disease such as smut 
is found in every area where the wheat is grown. Loose smut 
of wheat is occurred in cool and moist climate conditions. 

The successful infection of loose smut can occur after the anthesis. 
The pathogen remains dormant in the mature seed and germinates 
with germinating seeds. The mycelium of the fungus grows in the 
crown node and finally invades the inflorescence tissues. It develops 
with the seed embryo. It is disseminated by infected seeds and air 
by short distance. Most of the inoculums sources of loose smut are 
infected wheat seeds and air borne teliospores from smutted heads. 
In every infected areas of wheat by loose smut, a new race may 
arise by recombination of pre-existing virulence genes or through 
mutations. So, different types of management systems such as using 
of certified seeds treated with protectant fungicides, planting of 
resistant cultivars is very important.
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Introduction

This disease is very common and widespread. It causes 
great damage in the wheat growing tracts of India, 
particularly in the Punjab, Uttar Pradesh and certain 

districts of Madhya Pradesh. Luthra (1941) reported that 
in India, the disease causes loss of over 50 million rupees 
annually. In Punjab the disease is called Kangiari.

Symptoms

The smutted ears (Figure 1) emerge from the boot 
leaves a little earlier than the healthy ones. They bear 
loose, black, powdery masses of smut spores instead 

of flowers. All the ovaries and other floral parts except the 
awns and rachics are converted into masses of smut spores. 
In the young spikelets before emergence each ovary has 
become a spore sac. It is the home of millions of spores. The 
spores of each spikelet are covered by a thin greyish or silvery 
membrane. By the time the ear emerges from the boot leaf 
the membrane ruptures to expose the black powdery mass 
of spores. The ear is generally completely destroyed except 
the awns and the rachis. When the wind blows the spores are 
blown off and the bare rachis and central axis is left behind. 
To it may cling a few spores that have not been blown off 
by the wind. It is not necessary that all the ears of a wheat 
plant may be smutted. Some may be found to be healthy and 
others diseased.

Causal Organism

The causal organism of this disease is Ustilago tritici 
(Pers.) Rostr. and the host is Triticum vulgare. Fisher 
transferred U. tritici to U. nuda. Popp holds that since 

the two species differ in the type of teliospore germination, 
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Figure 2: Disease cycle of loose smut of wheat

they should be considered as distinct species. The disease 
is internally seed borne. The mycelium of the fungus lies 
dormant in the grain.

in a row. Two of these are of plus and two of minus strain. 
Walls are laid between the daughter nuclei. The epibasidium 
now consists of four haploid cells arranged in a row.

Each cell of the epibasidium produces a slender hypha called 
the infection thread. It contains a single haploid nucleus. Out 
of the four infection threads two contain haploid nuclei (one 
each) of plus strain and two of minus strain. Basidiospores 
or sporidia are not produced by the basidia of Ustilago 
tritici. Their place is taken up by the infection threads. The 
neighbouring infection threads of opposite strains fuse. 
Consequently one of the infection threads becomes binucleate 
or dikaryotic. The dikaryotic infection threads become 
binucleate or dikaryotic. The dikaryotic infection thread grows 
by elongation and clamp connections. It enters the style, grows 
forwards through the intercellular spaces and the channels left 
by the pollen tubes and reaches the ovary. Penetration into the 
immature ovule occurs between the 7th and 10th day. About 
10 days after infection the integuments become cutinised 
and resistant to infection. In the ovule the dikaryotic hypha 
passes into the space between the endosperm and nucellus. 
Here it branches freely.

The branch hyphae take about three weeks to reach the base 
of the raphe. Some of these pass round the bottom of the 
endosperm to penetrate the embryo through the scutellum. 
The hyphae in the scutellum are irregularly swollen and have 
thick and oily walls.

As the ovary ripens into the grain the fungus mycelium 
becomes inactive. It remains small and lies dormant in the 
embryo chiefly in the scutellum. The dormant mycelium 
within the embryo carries the fungal pathogen over seasons 
unfavourable to growth. It becomes activated again at the 
time of germination of the grain. The presence of the dormant 
fungus mycelium in the grain shows no external signs of its 
infection. The infected grains apparently look like the healthy 
ones. Ustilago tritici thus provides an excellent example of 
infection through the flower (Figure 2).

Figure 1: Characteristics symptoms of loose smut on spikelet’s

Disease Cycle

The loose smut of wheat is a systemic disease. It is seed 
borne. As the infected grain is sown and germinates, 
the dormant fungus mycelium within the grain resumes 

activity. It grows best in or near meristematic tissues keeping 
pace with the growth of the host plant. The hyphae thus 
grow just behind the growing point. The presence of the 
fungus in the meristematic tissue exercises accelerating 
influence on the growth of the host which matures early 
producing flower heads. At the flowering time, the hyphae 
reach the inflorescence region and accumulate in the floral 
parts chiefly the florets which are subsequently completely 
destroyed. The hyphae become swollen and additionally 
septate. The segments, which are binucleate, round off, 
separate and secrete thick walls to become smut spores which 
are frequently called teliospores. The teliospores serve as a 
means of propagating the disease during the growing season. 
They are readily carried from the smutted ears by air current 
at a time when the healthy plants are in the flowering stage. 
There are clouds of spores in the atmosphere over the wheat 
fields. The glumes of healthy flowers are wide open and the 
stigmas sufficiently exposed and spread in the dry weather 
to the spore dust. Thus the teliospores fall on the feathery 
stigmas of healthy wheat flowers. Under suitable conditions 
(warmth and moisture) the spores germinate on the stigma. 
Before germination the two nuclei of a dikaryon fuse in the 
smut spore to form a single fusion nucleus or the synkaryon. 
The diploid teliospore represents the hypobasidium or 
probasidium stage. At the time of germination the exosporium 
ruptures. The endosporium grows out in the form of a short 
tubular hypha called the promycelium or epibasidium. 
The diploid synkaryon migrates into, the epibasidium and 
undergoes meiosis, which consists of two nuclear divisions. 
As a result four haploid nuclei are formed. They are arranged 
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Control Measures

Since the mycelium of the parasite is lodged inside the 
grain, external application of disinfectants is ineffective. 
Direct attack on the fungus living deep in the tissues is 

very difficult. In the first instance most of the chemicals do not 
reach the seat of troublesome which do may injure the embryo 
as well. The dormant mycelium in the grain is very resistant 
to heat. Hence in all methods of treatment the first step is to 
make the dormant mycelium active. In the activated condition 
it is vulnerable. It is killed by the application of moist heat.
1. Hot Water Treatment

The wheat grains are at first soaked in water kept within 
a range of temperature between 26-30 °C. They are 
allowed to remain there for about 4-5 hours. In the 

softened grains the dormant mycelium becomes active. The 
temperature of water is then raised and kept constant at 54 
°C for about 10 minutes. At this temperature the activated 
mycelium is killed. This method requires strict care and 
supervision. The temperature should be carefully controlled.
At a range a little too low, it will fail to kill the mycelium and 
at a degree or so too high it will kill the embryo. In this case 
the embryo is killed at 56 °C. The margin of error either way 
is thus very little. After the treatment the water is drained off. 
The grains should then be dried and sown.
2. Sun Heating

This method is in vogue in the Punjab and UP. Here the 
sun in the months of May and June is very hot. The 
atmospheric temperature is very high. The suspected 

grains are soaked in water in flat, shallow bottomed basins 
with water level about two inches above the level of grain. 
The basins are placed in the direct rays of the summer sun 
for about 4 to 6 hours, say from 8 am to 12 noon. During this 
period the dormant fungus mycelium becomes active. The 
water is then drained off. The softened grains are spread in 
thin layers on the brick floor in the midday sun to dry. In the 
cooler regions the use of galvanised iron sheet to spread 
and dry the grain in the sun has been recommended. This 
treatment kills the activated mycelium. Mitra and Taslim 
(1936) recommended the sun heating method for controlling 
the disease in North Bihar. Luthra found the solar treatment 
quite suitable in the Punjab where the day temperature in 
summer goes very high.

3. Growing Resistant Varieties

Sowing grains of varieties of wheat which are immune 
from or resistant to this disease is the best method of 
controlling the disease. Some of the wheat resistant 

varieties are HS 277, KRL 210, MACS 2846, MACS 2971, VL 
829 A-9-30-1, GW 1189, HD 4672, HI 8498, HI 8627, HI 8663, 
MPO 1215, NIDW 295, PDW 233, PDW 291, WH 896.

The other equally effective methods are
4. The wheat plants with infected ears, which emerge out of 
the boot leaves earlier than the healthy ones, may be uprooted 
at once and burnt. This practice is called rogueing.
5. The grains for sowing purposes should be thrashed from 
uninfected wheat ears.
6. Use of Systemic Fungicides

The use of fungicides, which till recently was considered 
impraticable to control the seed borne loose smut 
disease of wheat, has received much attention (Clark 

and Cockerill, 2011). It was found that two systemic fungicides 
D735 (Vitavax) and F 461 (Plantavax) give quite encouraging 
results when applied as seed dressing fungicides at the rate 
of 2.50 gm per Kg.
The use of Benomyl and Carboxin to control loose smut 
of wheat (U. nuda var. tritici) has been recommended by 
many workers. Seed dressing with 0.25 percent Benomyl 
can effectively control the disease. A systemic fungicide 
thiabendazole employed as a seed treatment at the rate of 
0.1 to 0.2 percent is highly effective to control the disease 
without affecting germination.

Conclusion

Ustilago tritici is an obligate parasite that hampering 
wheat production in all over the world. The fungi 
survives on wheat crop like a dormant fungal line 

within the embryo associated with wheat seeds. The disease 
causing pathogen is activated once due to contaminated 
seeds germinates; also it extends toward the actual growing 
stage from the crop plant. Apparently from blooming onwards 
once the plant starts form heads, the loose smut fungi 
invade all the younger head cells and tissues. As far as future 
directives are concerned for loose smut management, further 
surveys need to be conducted to assess the significance of 
the disease throughout the agroecology. It is also desirable 
to search for loose smut resistance by testing many more 
wheat germplasms and to test the efficacies of several seed 
treatment fungicides for the purpose of development of 
integrated loose smut management options for sustainable 
wheat production.

References
Clark, B., Cockerill, V., 2011. Research Review No. 75: European 

Case Study on Seed Treatments and Seed-borne 
Disease Control Using Seed Treatments. Agriculture and 
Horticulture Development Board (AHDB), p. 36.

Mitra, M., Taslim, M., 1936. The control of loose smut of wheat 
in North Bihar by the solar energy and sun-heated water 
methods. Agr. and Live-Stock 6, 43-47.

Luthra, J.C., 1941. Solar treatment of wheat loose smut. Indian 
Fing 2, 416-418.

1313


