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Diagnosis and Correction of Zinc Problems

in Rice Production

J. E. Sedberry, Jr., P. E. Schilling,

F. E. Wilson and F. J. Peterson 1

Introduction

Investigations of different aspects of the zinc (Zn) nutrition of the rice

plant have been in progress for 1 1 years in Louisiana. Research conducted

under field conditions indicates that Zn deficiency in rice grown on soils of

the coastal prairies in the southwestern area of the state is associated with

certain soil and climatic conditions.

Soil reaction, or the pH value of the soil, apparently has the most

important influence on Zn availability. It has been noted that a one-unit rise

in soil reaction, from pH 5.3 to 6.3, drastically reduced the solubility and

uptake of Zn by the rice plant.

Soil-test summaries indicate that approximately 15 per cent of the

surface soils in the rice area in their natural condition are neutral to alkaline

in reaction. The pH values of other soils have been increased by applica-

tions of limestone or by repeated use of irrigation water from wells or other

sources that contain appreciable amounts of Na, Ca, and Mg salts.

Since Zn is less available as the pH of the soil approaches neutrality,

soils used for the production of rice should be kept moderately acid. In most

soils, Zn should be readily available at a pH of about 5.5.

An investigation was initiated in 1968 and continued through 1974 to

determine the effects of five rates of Zn on the yield of rice (Oryza sativa

L.) and on the chemical composition of the soil and the leaves of rice plants

grown on Crowley silt loam (Typic Albaqualf) with an initial pH greater

than 7.5. Due to an infestation of red rice, the experimental area was

fallow-plowed in 1972, and yield data were not obtained for that year.

In 1971 the experiment was included as a contribution to Project S-80,

"Diagnosis and Correction of Zinc Problems in Crop Production." Only

the results obtained in 1971, 1973, and 1974 are included in this publica-

tion.

Professor, Department of Agronomy; Professor and Head, Department of Experimental

Statistics; Assistant Professor of Agronomy, Rice Experiment Station; and Professor and

Superintendent of the Idelwild Experiment Station, respectively, LSU Agricultural Exper-

iment Station.
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Experimental Procedure

Several years prior to the initiation of the investigation, the experimental

site was water leveled, and a maximum cut of 6 inches was made to

facilitate drainage and the application of flood water. Limestone was also

added to create an alkaline pH to increase the response to Zn.

The experimental design was a randomized block with four replications

of each of five rates of Zn. The plot size was 7 feet x 50 feet.

The Zn was applied at 0, 3, 6, 12, and 24 pounds per acre. The source of

Zn was ZnS04 H2O, 36 percent Zn. Equivalent amounts of S as Na2S04

were added to each plot to insure that all plots received the same amounts of

S. Zn was broadcast on the soil surface in an aqueous solution immediately

before planting. The Zn treatments were applied in 1968, 1969, and 197 1

.

Each plot received a uniform annual application of 120 pounds of N, 22

pounds of P, and 42 pounds ofK per acre; the fertilizer sources were urea,

46 percent N; concentrated superphosphate, 20.2 percent P; and muriate of

potash, 50 percent K. The fertilizer was applied with a drill at planting.

Saturn rice was planted in 1971 and Vista was planted in 1973 and 1974.

The rice cultivars were planted with a drill at a seeding rate of 90 pounds per

acre. Each plot consisted of 12 drill rows spaced 7 inches apart.

Soil samples were collected annually from each plot prior to the applica-

tion of the plant nutrient elements. The soil samples were air-dried at room

temperature, ground to pass a 2-mm stainless steel sieve, and stored in

16-ounce plastic bags. The soil samples were analyzed by state soil testing

laboratories in Florida, Virginia, and Kentucky.

Tissue samples were collected annually from the plants on each of the

plots. The tissue samples consisted of 100 mature leaves taken when the

rice panicle was approximately 2 mm long. The leaves were rinsed in

distilled water, placed in cotton bags, and dried in a forced draft oven at

67°C for 12 hours. The dried leaves were ground in a stainless steel Wiley

mill to pass a 20-mesh sieve and stored in 8-ounce plastic bags. The

plant tissue samples were analyzed by laboratories at the University of

Georgia and Texas A&M University.

The yield, plant tissue, and soil chemical analyses data were evaluated

using analyses of variance (randomized block design) and correlation

analyses.

Results and Discussion

Treatment means for the rice yield and plant and soil chemical analyses

by year and for all years combined are presented in Tables 1 through 4. The

analyses of variance are presented in Tables 5 and 6. The data show that a

highly significant response in yield was obtained from the application of

4
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Zn. When the data for the three years were combined, it was found that

yields were increased at all levels of applied Zn. A per-acre increase of 206,

394, 494, and 571 pounds of rough rice resulted from the application of 3,

6, 12, and 24 pounds of Zn per acre, respectively.

As expected, levels of plant tissue Zn generally increased as the level of

applied Zn was increased. The Texas and Georgia values for plant Zn were

in rather close agreement (r = 0.336, P <0.01 , Table 7). The data in Table

4 indicate that a Zn concentration of approximately 15 ppm in rice leaf

tissue is below the levels where highest yields were obtained. The means

presented in Table 4 indicate that the Mn concentration in the leaves

decreased as the rate of applied Zn was increased. A highly significant

negative correlation (r = -0.482) was obtained between the concentration

of Zn and Mn in the leaf tissue (Table 7).

The data in Table 4 show that the application of the different rates of Zn

resulted in increases in the level of soil-test Zn determined by the three

methods of extraction. Higher quantities of Zn were extracted with OA N
HC1 than with 0.05 N HC1 in 0.025 N H2S04 or with DTPA-TEA. The

data show that approximately 1 . 8 ppm of Zn extracted with 0AN HC 1 was

a marginal level of Zn in Crowley silt loam for the economical production

of rice. Corresponding values of 1 .4 ppm and 0.7 ppm of Zn extracted with

0.05 W HC1 in 0.025 TV H2SO4, and with DTPA-TEA, respectively, were

also considered to be marginal levels for rice. The data in Table 8 show that

highly significant positive correlations were obtained for the three methods

used for extracting soil Zn. Highly significant positive correlation coeffi-

cients were also obtained between the yield of rice and the three methods of

extracting Zn from the soil.

Deficiency symptoms attributed to low levels of Zn in the tissue were

observed visually on rice plants growing on plots that did not receive an

application of Zn. In early stages of growth the symptoms appeared as a

sudden blighting of the oldest leaves of the seedling. The lesions were

surrounded by chlorotic areas which became white. The lesions and chloro-

tic areas extended from the sheath up the midrib of the oldest true leaf,

parallel to the leaf veins. As the disorder developed, the base of the leaf

blade and mid-vein became bleached with brown flecks, spots, and irregu-

lar linear blotches. The affected leaves rapidly became blighted and the

seedlings appeared to be dead. However, when the blighted outer leaves

were removed, the youngest leaf remained green. Cool, overcast weather

contributed to the symptoms, and extended periods of adverse weather

together with a high infestation of rice water weevils increased the intensity

of the visually observed deficiency symptoms.

Zinc deficiency symptoms often are not expressed until the permanent

flood is applied to a field. Initially the lower leaves of affected plants

become limp and float on the surface of the flood water. These leaves

9
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rapidly turn yellow-orange and develop small brown flecks. In the more
severely affected areas of fields or in deep water, seedlings begin to

disappear below the surface of the flood water, the rice stand thins, and

areas of open water appear. Plants that do not die under deficiency condi-

tions are often stunted and have brown flecks on the leaf blades. These

flecks expand into irregular, linear, purple-brown blotches on the older

leaves. If the affected plants have responded to an application ofN fertilizer

before the "bronzing" symptoms are expressed, a distinctive chlorotic

area which rapidly becomes white is often observed in the mid-leaf area and

around the brown blotches. The leaf blade or tip of the blade may become
bronze in color due to the formation and coalescence of many small

purple-brown flecks. From a distance the plants in a field take on a bronze

to gold color. Often plants in the affected field exhibit typical N deficiency

symptoms as well as those typical of ' 'bronzing.
'

' Zinc deficiency appears

to interfere with the normal utilization of N.

Plants can exhibit Zn deficiency symptoms at any stage of growth. If

plants become deficient at heading, the leaves and glumes will show the

typical chlorosis, brown flecking, and spotting. When Zn deficiency be-

comes severe at heading, the florets are affected. A condition similar to

straight-head may occur where the panicles of affected plants remain

upright as fertilization fails to take place or kernel development is aborted.

The data presented indicate that the concentration of Fe in the plant tissue

was relatively low at all levels of applied Zn. Preliminary investigations

have indicated that Fe deficiency can be expected when the level of Fe in

rice leaves at the tillering stage of plant development falls below 70 ppm.

The Zn treatments had no significant influence on the level of Fe in the rice

leaves. The low levels of Fe found in the tissue may have been due to the

low solubility of Fe in the Crowley silt loam at pH values of 7.5.

The B contents of the rice-leaf tissue at all of the levels of applied Zn
varied from 5.8 ppm to 6.6 ppm (Table 4). These values for B are higher

than the critically low value of 3.5 ppm that has been established for rice

plants.

The data also indicate that the Cu content of the rice leaves at all of the

levels of applied Zn was relatively low. Copper deficiency in rice may be

expected when the concentration of Cu in rice leaves is below 6 ppm. A
significant response to application of Cu was obtained on a Crowley silt

loam at another location prior to the initiation of the current investigation.

Many other correlations among the variables measured proved to be

significant, indicating that additional research is needed on the role of the

macro- and micronutrient elements in the nutrition of rice plants.

1
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