
A-36

Iron-toxicity symptoms

Tiny brown spots on lower leaves starting from the tip or whole leaves 
colored orange-yellow to brown. Black coating on root surfaces.

Symptoms first appear 1–2 weeks (but sometimes >2 months) after 
transplanting. First, tiny brown spots appear on lower leaves, starting 
from the leaf tips, and spread toward the leaf base. Later, spots combine 
on leaf interveins and leaves turn orange-brown and then die. Leaves 
are narrow but often remain green. Where Fe toxicity is severe, leaves 
appear purple-brown. In some varieties, leaf tips become orange-yellow 
and then dry up. Rice plants are more susceptible to Fe toxicity during 
early growth stages, when root oxidation capacity is small. Other effects 
of Fe toxicity include

4	 Stunted growth and greatly reduced tillering.

4	 Coarse, sparse, damaged root system with a dark brown to black 
coating on the root surface and many dead roots. Freshly uprooted 
rice hills often have poor root systems with many black roots 
(stained by Fe sulfide). In contrast, healthy roots are uniformly 
coated with a smooth covering of orange-brown Fe3+ oxides and 
hydroxides.

Photo captions 
(a)  Tiny brown spots develop on the leaf tip and spread toward the leaf 
base.    

(b)  Leaves turn orange-brown and die.    

(c)  Symptoms first appear on older leaves. 

(a), (d)  Under severe Fe toxicity, the whole leaf surface is affected.  

(e)  Leaf bronzing (left) compared to healthy plant (right).
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A-38

Sulfide-toxicity symptoms

Interveinal chlorosis of emerging leaves. Coarse, sparse, and blackened 
roots.

Leaf symptoms of sulfide toxicity are similar to those of chlorosis caused 
by Fe deficiency (Section 2.9). Other diagnostic criteria are similar to 
those of Fe toxicity (but Fe toxicity has different visual leaf-deficiency 
symptoms, Section 2.13):

4	 Coarse, sparse, dark brown to black root system. Freshly uprooted 
rice hills often have poorly developed root systems with many black 
roots (stains of Fe sulfide). In contrast, healthy roots are covered 
with a uniform and smooth orange-brown coating of Fe3+ oxides and 
hydroxides.

4	 Small concentration of K, Mg, Ca, Mn, and Si content in plant tissue. 

Photo caption
Roots of affected plants are coarse, sparse, and blackened.
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A-40

Boron-toxicity symptoms

Brownish leaf tips and dark brown elliptical spots on leaves.

B toxicity first appears as chlorosis of the tips and margins of older 
leaves. Two to four weeks later, dark brown elliptical spots appear on 
these discolored areas, which later turn brown and then dry up. Necrotic 
spots are most prominent at panicle initiation. Some varieties exhibit 
discoloration only at leaf tips and margins. Vegetative growth does not 
decrease markedly. 

Photo captions
(a)  Brownish leaf tips are a typical characteristic of B toxicity, appearing 
first as marginal chlorosis on the tips of older leaves.    

(b), (c), (d)  Two to four weeks later, brown elliptical spots develop on the 
discolored areas.
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A-42

Manganese-toxicity symptoms

Yellowish brown spots between leaf veins, extending to the whole interveinal 
area. 

Brown spots develop on the veins of lower leaf blades and leaf sheaths. 
Leaf tips dry out 8 weeks after planting. Mn toxicity can also cause 
chlorosis of younger (upper) leaves, with symptoms similar to those of 
Fe chlorosis (Section 2.9). Plants are stunted and tillering decreases. 
Sterility results in reduced grain yield. Excess Mn uptake reduces Si, P, 
and Fe uptake and translocation of P to the panicle. 

Photo captions
(a), (b), (c)  Interveinal yellowish brown spots develop on lower leaf 
blades and leaf sheaths.
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A-44

Aluminum-toxicity symptoms

Orange-yellow interveinal chlorosis on leaves. Poor growth, stunted plants. 
Reduced and deformed root growth.

Yellow to white mottling of interveins is followed by leaf tip death and leaf 
margin scorch. Necrosis of chlorotic areas occurs if Al toxicity is severe. 
Aluminum toxicity reduces shoot and root growth. Varieties differ in their 
tolerance of Al toxicity. In susceptible cultivars, roots are stunted and 
deformed. Growth is stunted, but tillering may be normal. Retarded root 
growth results in reduced nutrient uptake and less drought tolerance. 

Photo captions 
(a)  Aluminum toxicity is mainly a problem in acid upland soils but 
varieties differ in their susceptibility.    

(b)  Yellow to white mottling of interveins is followed by leaf tip death.    

(c)  Leaf margin scorch.    

(d)  Indicator plants such as tropical bracken (Dicranopteris linearis), 
Straits Rhododhendron (Melastoma malabathricum), and alang-alang 
(Imperata cylindrica) provide a proxy indicator of acid soil conditions and 
low soil P status.    

(e)  A pocket pH meter provides a reliable indication of soil pH.
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A-46

Salinity symptoms

White leaf tips and stunted, patchy growth in the field. 

Tips of affected leaves are white, and chlorotic patches appear on some 
leaves. Salinity results in plant stunting and reduced tillering. Field 
growth is very patchy. Symptoms appear in the first leaf, followed by the 
second, and then in the growing leaf. Rice is more tolerant of salinity at 
germination, but plants may become affected at transplanting, young 
seedling, and flowering stages. Salinity or sodicity may be accompanied 
by P deficiency (Section 2.2), Zn deficiency (Section 2.4), Fe deficiency 
(Section 2.9), or B toxicity (Section 2.15). 

Photo captions 
(a)  Growth is characteristically patchy.    

(b)  Where saline irrigation water is used, patches of affected plants are 
found adjacent to water inlets.    

(c), (d)  Stunted plants with white leaf tips.
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