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respectively in the dry matter, while those of the control sample con
tained 36.0 and 127.0 p.p.m. respectively. Here the manganese-deficient 
leaves contained more iron than those leaves that were produced when 
manganese was not deficient. 

When manganese is deficient, in most cases there appears to be less 
iron accumulated in the leaves. At any rate the leaves have a yellowish 
cast as though iron were lacking or inactive. In many of these cultures 
the roots were a rusty brown as a result of the continued supply of 

Fig. 15. Bough-lemon cutting grown in a complete nutrient solution for 18 
months and then for several months with iron and manganese lacking, which brought 
about cessation of growth. The addition of manganese initiated vigorous dark-
green growth. As the growth matured, the leaves became full sized, but the 
chlorophyll intensity was gradually reduced until chlorosis was evident. 

generous amounts of manganese-free iron. Iron does not appear to 
function properly when manganese is deficient, but it does not require 
very much manganese to correct this condition, which may be largely 
a result of a lack of sufficient oxidizing agent within the cells. 

Symptoms of Iron Deficiency on Rough Lemon.—The next experi
ments deal with the lack of iron in the presence of manganese. The 
plants were grown in a complete nutrient solution for 18 months and 
then for several months in a nutrient solution lacking both iron and 
manganese, which caused a cessation of growth. The addition of man
ganese brought about increased growth within a few days. Figure 15 
shows a Rough-lemon cutting in a culture solution containing man
ganese but no iron. The first young leaves were dark green, owing to 
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a small reserve of iron within the cutting as a carryover from the control 
solution containing iron that was used prior to starting the present 
experiment. As the leaves increased in size, they became more and more 
yellowish or chlorotic, the apex of each leaf remaining green the longest. 
In such cultures the omission of iron has caused the leaves to pass 
through all of the stages of chlorosis to that of albescence. I t is of con
siderable importance to note that the omission of iron, while bringing 
about chlorosis and albescence, has not caused mottle-leaf. 

Symptoms of Manganese and Iron Deficiencies When Calcium is 
Supplied as Calcium Sulfate.—If the manganese and iron are both 
withheld from sand culture of orange trees that have calcium sulfate as 
their source of calcium, leaves such as those shown in plate 4, figure 2 
may be produced. There is an indication of mottling, and in addition 
the leaves are covered with numerous yellow spots. Subsequent leaves 
produced may be chlorotic. The spotting appears to be a result of the 
decreasing manganese available. The mottling may be a composite re
sult of high-sulfate, low-calcium solubility, and a reduced iron supply; 
it resembles the mottling in lemon leaves on trees grown in sand cul
tures supplied with iron and manganese but with calcium sulfate as the 
source of calcium, whereas the lea\res are healthy with calcium nitrate 
as the source of calcium (Haas and Thomas(8))· Orange trees in sand 
cultures from which iron alone wras omitted simply became more yellow, 
indicating chlorosis. This was confirmed with cuttings in water culture 
from which iron was omitted. In qualitatively testing the precipitating 
power of solutions of the various salts used in Hoagland's solution, it 
was found that not only phosphates but also sulfates rapidly remove 
iron from an iron nitrate solution. 

SUMMARY 
Manganese is necessary for the healthy growth of citrus cuttings in 

solution cultures. 
Although citrus leaves become yellowish green or chlorotic when 

manganese is deficient, they do not mottle. 
Gum or resinous spots occur on either or both sides of the leaves, 

their number at first being greatest along the base of the midrib. Oil 
glands in the leaves show no effect from such a deficiency. 

Manganese-deficient leaves in acute stages absciss prematurely and 
the shoots die back. Such shoots may show a resinous excrescence or 
gum pockets from which gum may be exuded. 

The roots remain healthy in appearance even though manganese is 
deficient for top growth. This may be because the roots have the first 
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opportunity to absorb manganese and do not surrender any consider
able part of it to the leaves during a manganese-deficiency period. The 
quick response of the growth of new green leaves upon adding small 
concentrations of manganese to the culture solution may be due to the 
healthy condition of roots in manganese-deficient cultures. 

Excessive concentrations of manganese also bring about chlorosis 
even though iron is added to the culture solution in similarly large 
amounts. 

Iron is essential for healthy growth in citrus ; a deficiency brings 
about chlorosis. When manganese is deficient in citrus leaves, in most 
cases less iron appears to be accumulated in the leaves. Mottle-leaf of 
citrus has not been shown to be a result of iron deficiency. Manganese 
cannot take the place of iron, and conversely iron cannot take the place 
of manganese. Most, if not all, compounds of iron contain manganese 
as an impurity. This fact must be considered in any study of manganese 
deficiency. 



Nov., 1932] Haas: Effects of Manganese and Iron Deficiencies on Citrus 205 

LITERATURE CITED 

i BISHOP, W. B. S. 
1928. Distribution of manganese in plants and its importance in plant 

metabolism. Australian Jour. Exp. Biol. and Med. Sei. 5:125-140. 
2 BRYAN, 0 . C. 

1929. The stimulating effect of external applications of copper and man
ganese on certain chlorotic plants of the Florida Everglades soils. 
Jour. Am. Soc. Agron. 21:923-933. 

3 CLARK, N. A., and C. L. F L Y . 
1930. The rôle of manganese in the nutri t ion of Lcmna. P lant Physiol. 

5:241-248. 
4 ELVEHJEM, C. A., and E. B. HART. 

1926. Iron in nutrition. I I . Quantitative methods for the determination of 
iron in biological materials. Jour. Biol. Chem. 67:43-51. 

s GILBERT, B. E., and F . T. MCLEAN. 

1928. A "deficiency d i sease" : The lack of available manganese in a lime-
induced chlorosis. Soil Sei. 26:27-31. 

e HAAS, A. R. C. 

1932. Some nutri t ional aspects in mottle-leaf and other physiological 
diseases. Hilgardia 6:483-559. 

7 HAAS, A. R. C , and L. J . KLOTZ, 

1931. Some anatomical and physiological changes in Citrus produced by 
boron deficiency. Hilgardia 5:175-197. 

s HAAS, A. R. C , and E. E. THOMAS. 

1928. Effect of sulphate on lemon leaves. Bot. Gaz. 86:345-354. 
9 HOPKINS, E. F . 

1930. Necessity and function of manganese in the growth of Chlorella sp. 
Sei. 72:609-610. 

io HOPKINS, E. F . 

1931. Manganese and the growth of Lemna· minor. Sei. 74:551-552. 
i i INGALLS, R. A., and J . W. SHIVE. 

1931. Relation of H-ion concentration of tissue fluids to the distribution of 
iron in plants. Plant Physiol. 6:103-125. 

i2 JOHNSON, M. O. 

1924. Manganese chlorosis in pineapples : I t s cause and control. Hawaii Agr. 
Exp. Sta. Bui. 52:1-38. 

is KELLEY, W. P . 

1914. The function of manganese in plants. Bot. Gaz. 57:213-227. 
i* LEE, H. A., and J . S. MCHARGUE. 

1928. The effect of a manganese deficiency on the sugar cane plant and its 
relationship to Pahala blight of sugar cane. Phytopath. 18: 
775-786. 



206 Hilgarâia [Vol. 7, No. 4 

is M A N N , H. B. 

1930. Availability of manganese and of iron as affected by applications of 
calcium and magnesium carbonates to the soil. Soil Sei. 30:117-141. 

16 MCGEORGE, W. T. 

1923. The chlorosis of pineapple plants grown on manganiferous soils. Soil 
Sei. 16:269-274. 

17 MCHARGUE, J . S. 

1919. The effect of manganese on the growth of wheat: a source of man
ganese for agricultural purposes. Jour. Ind. and Eng. Chem. 
11:332-335. 

is MCHARGUE, J . S., and R. K. CALFEE. 

1931. Effect of manganese, copper, and zinc on growth and metabolism of 
Aspergülus flavVrS and Rhizopus nigrioans. Bot. Gaz. 91:183-193. 

is MCHARGUE, J . S., and O. M. SHEDD. 
1930. The effect of manganese, copper, zinc, boron, and arsenic on the growth 

of oats. Jour. Am. Soe. Agron. 22:739-746. 
so MCLEAN, F . T. 

1927. Feeding plants manganese through the stomata. Sei. 66:487-489. 
2i MCLEAN, F . T., and B. E. GILBERT. 

1925. Manganese as a cure for a chlorosis of spinach. Sei. 61:636-637. 
22 MILLER, L. P . 

1928. Manganese deficiency in sand cultures. Am. Fertilizer 68:21-22. 
23 R I C H A R D S , M A R I O N B . 

1930. Manganese in relation to nutrition. Biochem. Jour. 24:1572-1589. 
24 SAMUEL, G., and C. S. P IPER. 

1929. Manganese as an essential element for plant growth. Ann. Appl. Biol. 
16:493-524. 

25 SKINNER, J . J., and B. W. RUPRECHT. 
1930. Fertilizer experiments with truck crops. I. Celery and lettuce on Leon 

fine sand. I I . Tomatoes on calcareous Glade soil. Florida Agr. Exp. 
Sta. Bui. 218:1-65. 

26 W I L L I S , L. G. 

1928. Response of oats and soy beans to manganese on some Coastal Plain 
soils. North Carolina Sta. Bui. 257:1-13. 

5m-ll,'32 




