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i The purposes of this small study were (1) to produce and describe nitrogen defi-
ciency symptoms on silver maple (Acer saccharinum L.), and (2) to determine the nitrogen 
content in the leaves when deficiency symptoms appeared. 

On February 23, 1961, 18 dormant 2-0 seedling~ were placed in six 3-liter con
tainers, 3 seedlings per containerQ The containers were filled with distilled water 
and vigorously aeratedo Two weeks later the water was replaced, and a nutrient solution 
complete except for nitrogen was added to four containers (the minus-nitrogen treatment). 
Complete nutrient solutions including nitrogen were added to the other two containers 
(the plus-nitrogen treatments). Between the biweekly replacements of the solutions, 
water was added and the pH maintained at 4.0 to 504. The seedlings were given supple
mental incandescent light from 11:30 p.m. until morning. 

Leaf color was observed and height growth was measured periodically up to the end 
of the experiment, May 9. By mid-April, many minus-nitrogen plants had stopped height 
growth and were chlorotic. It therefore seemed time to sample the seedlings to find the 
pigment and nitrogen concentrations associated with these symptoms. For all seedlings 
the blades of the third leaf pair from the tip of the terminal were used. The nitrogen 
concentrations were determined by a semi-micro Kjehldahl method, and were expressed as 
percent of dry weight. However, before removing the leaves. for the nitrogen analyses, 
two 13 mm discs were punched from each leaf for the pigment determinationso Two discs, 
one per leaf, were ground together in 80 percent acetone in water. Chlorophyll~, 
chlorophyll Q, and total carotenoids were then determined with a B~ckman DU spectrophoto
meter. The other two discs were weighed oven-dry to provide a base for expressing pig
ment concentrations. 

As was expected, all the plants not given an external supply of nitrogen grew 
less, and most developed leaf chlorosis. The difference in height growth was striking: 
between February 23 and May 9, the terminals of the minus-nitrogen plants grew an average 
of only 17 cm, less than half the 39 cm average of the plus-nitrogen seedlings. 

Leaf chlorosis appeared on 10 minus-nitrogen seedlings and on no plus-nitrogen 
plants. On each chlorotic plant all leaves, but the very immature ones, were the same 
yellow greeno The leaves became progressively paler as the seedlings grew in size or 
age. The color was uniform throughout the leaf; no veinal pattern occurred. However, 
the major veins and petioles on the leaves of most chlorotic plants were blood red. 
Only one of the plus-nitrogen plants had red veinso The pigment analysis supported the 
observation of chlorosis, showing that there was considerably less chlorophyll in the 
minus-nitrogen seedlings (Fig. IB). 

'--- 11 Assistant Professor, School of Forestry, University of Minnesota. 
21 The seedlings were given by Bailey's Nursery, Newport, Minnesota. 
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The poor growth and chlorosis were related not only to the supply of nitrogen in 
the nutrient solution but also to the concentrations of nitrogen in the leaves. A 
plotting of nitrogen concentration and the height growth occurring during the 23 days 
following the sampling for nitrogen indicates that plants containing 1.5% or less 
nitrogen were able to support little additional growth. and that plants containing 
2.3% or more nitrogen were able to grow rapidly (Fig. lA). It should be realized 
however, that during the 23 days in which height growth was measured the minus-nitrogen 
plants tended to lose nitrogen (on a percent dry weight basis) while the plus-nitrogen 
plants tended to gain nitrogen. One minus-nitrogen plant did not grow despite having 
a high leaf content of nitrogen, 2.58%. This plant was induced to grow after May 9, 
by adding nitrogen to its nutrient solution. 

The concentrations of nitrogen in the leaves were also closely related to the 
chlorophyll and carotenoid concentrations (Fig. IE). Chlorophyll ~ was more sensitive 
to changes in percent nitrogen than were either chlorophyll £ or the total cdrotenoids. 

Small as this experiment was, it provides a preliminary basis for diagnosing 
severe nitrogen deficiency in silver maple. Seedlings losing considerable growth from 
a lack of nitrogen will have chlorotic leaves with nitrogen concentrations of about 
1.5% or less. 

Figure 1. -- The relation in silver maple seedlings between the concentration of 
nitrogen in the third leaf pair from the tip and (A) height growth, 
and (8) the concentration of pigments. The "x" denotes seedlings 
grown with nitrogen; the ".", seedlings grown without nitrogen. 
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