












CHANGES PRODUCED IN APPLE TREES BY PRUNING 7 

percentage of moisture at the end of the one-year-old wood on the un­
pruned lateral was the largest found anywhere except in the new growth. 

The percentages ranged from 41% in the two-year-old wood on 
April 3 to almost 77% in the new growth from the leaders of the fertilized 
trees on May 10. 

Carbohydrates.-The variations in the percentages of starch and 
sugars on the dry weight basis are so nearly parallel in most cases that 
it will be convenient to consider them together. The loss of three of the 
starch samples unfortunately makes the starch picture incomplete, but 
the general nature of the changes that occur is obvious. 

The samples taken April 3 show that the starch and sugars were 
more abundant in the younger wood and that the leaders contained more 
than the laterals. As growth proceeded the carbohydrate content de­
creased everywhere and most rapidly at the tips of the shoots. The 
leaders still had more starch and sugar than the laterals, though by 
May 10 this situation was reversed in most cases. On May 10 there was 
a noticeable increase in the carbohydrate content at the tips of the 
shoots, particularly in the laterals. 

Fertilization with nitrate of soda decreased the carbohydrate con­
tent, especially in the laterals. Heading decreased the amount of starch 
and sugar in the cut ends of the shoots, but did not materially affect the 
content of the two-year-old wood. The carbohydrate in the two-year­
old wood of the thinned trees was somewhat higher than in the checks on 
April 17, but little difference was apparent by May 10. In the partially 
headed trees, the pruned leader contained more carbohydrate than in 
the completely headed trees and the unpruned laterals contained more 
starch and less sugar than the checks. 

The largest percentages of total sugars and also of reducing sugars 
were found in the tips of the leaders on the trees sampled April 3. It is 
probable that these tips also had the highest starch content but the loss 
of the sample leaves the matter in doubt. The largest value for non­
reducing sugars was 1.17% in the one-year-old wood of the thinned trees 
sampled April 17. The percentages of non-reducing sugars were for the 
most part very small except at the tips of the shoots. 

Nitrogen.-The variations in the total nitrogen content shown 
diagrammatically in Fig. 1, resemble the changes in the percentages of 
moisture and for the most part run counter to the variations in carbo­
hydrate. 

On April 3 the younger tissues contained the greater amounts of 
nitrogen, as of sugar, but the laterals contained more than the leaders. 
As growth proceeded the nitrogen content increased at the tips and de­
creased in the two-year-old wood. In the middle of the one-year-old 
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Fig. 1.-:-Percentage; of nitrogen in Jonathan shoots as affected by pruning and fertilization. 
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wood the nitrogen increased slightly at first and then decreased in the 

leaders and decreased from the start in the laterals, so that by April 17 

the leaders contained more nitrogen than the laterals. On May 10 the 

new growth on the leaders was richer in nitrogen than the new growth on 

the laterals, while the situation was reversed in the one-year-old wood, 

bringing about a distribution of nitrogen very similar to that of the water. 

Treatment with nitrate of soda greatly increased the nitrogen con­

tent of the new growth and in the tips of the one-year-old wood. The 

nitrogen content of the older wood was less than that of the unfertilized 

trees, and the leaders contained more nitrogen throughout than the 

laterals. The parallelism between water and nitrogen is striking. 

Heading induced a rapid increase in the amount of nitrogen at the 

cut ends and lowered the nitrogen content of the two-year-old wood. 

On April 17 the laterals had more nitrogen than the leaders. The new 

growth from the pruned shoots had a higher nitrogen content than that 

of the checks. 
The thinned shoots contained more nitrogen than the checks 

throughout except in the middle of the one-year-old wood on April 17. 

In the partially headed trees, the nitrogen content of the he.aded 

leaders was less than that of any of the shoots on the completely headed 

trees. The unpruned laterals had more nitrogen than either the laterals 

or the leaders of the checks. 
The percentages of nitrogen found ranged from 0.26% in the two­

year-old wood of the headed trees on May 10 to 1.95% in the new growth 

on the leaders of the fertilized trees. 

DISCUSSION 

The data presented show that before growth commences in the 

spring apple shoots contain a considerable supply of stored carbohydrates 

and of nitrogenous compounds in both the one- and the two-year-old 

wood. When the shoots begin to grow, stored nitrogen passes from the 

two-year-old wood into the younger wood, causing a rapid increase in 

the nitrogen content at the tips of the leaders. As the nitrogen content 

at the tips of the laterals does not increase at first and the amount in the 

middle of the one-year-old wood diminishes, it appears that at first some 

nitrogen passes from the laterals into the leaders. (See Fig. 1) There 

occurs therefore a mobilization of nitrogen in the shoots of apple trees 

similar to the mobilization known to occur in spurs*. The nitrogen 

stored in the older wood over the winter passes in the spring into the 

stronger shoots and into the spurs. During this period of nitrogen 

transfer, the supply of stored carbohydrate diminishes, but there is no 

*Missouri Agricultural Experiment Station Research Bulletin 40: p; 35, 1920, 
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evidence of any translocation of carbohydrate from the older to the 
younger wood. The decreases observed may be accounted for on the 
assumption that the stored carbohydrate is used locally. Where the rate 
of growth is most rapid, the increase in the nitrogen content is greatest 
and the consumption of carbohydrates is most marked. By the time the 
new growth is 3 to 4 inches long, the new leaves have developed sufficient­
ly to manufacture their own carbohydrate and so become independent of 
the reserve supply. This is shown by an actual increase in the carbo­
hydrate content of the tips, particularly of the more slowly growing 
laterals. 

Treatment with Nitrogen of Soda.-Applications of nitrogen fertil­
izers increase the nitrogen content of shoots as well as of spurs.* It is 
rather surprising to find that this increase in the shoots is confined to the 
tips and that the percentage of nitrogen in the middle of the one-year-old 
wood is noticeably lowered. The nitrogen absorbed by the roots seems to 
pass directly to the tips of the one-year-old wood and to the new growth. 
Thedecrease in the nitrogen content of the older wood may be attributed 
to the stimulation of growth and to an increased rate of nitrogen utiliza­
tion in the new tissues causing a greater draft on the reserve supplies. 
As might be expected, the increased nitrogen content is accompanied by 
an increased carbohydrate consumption, the accumulation of carbohy­
drate in the tips by May 10 being less than in the unfertilized trees. 

Heading.-Heading consists in the removal of those portions of the 
shoots richest in nitrogen and carbohydrate. It is followed by a rapid 
increase in the amounts of nitrogen at the cut ends. This nitrogen ap­
parently comes from the older wood, to some extent at least. There is 
also a greater consumption of carbohydrate at the cut ends, though the 
carbohydrate in the two-year-old wood is not materially affected. The 
new growth from near the cut ends has a higher nitrogen content than 
the new growth from unpruned shoots. Since these shoots tend to grow 
more rapidly, it seems that vigor of growth is correlated \vith nitrogen 
content. It is evident that heading is a tax on the plant that drains the 
reserves left after the removal of the tissues most richly supplied with 
nitrogen and carbohydrate. t 

Thinning.-The analyses show that spring thinning conserves the 
nitrogen and carbohydrate supplies in the tree. The two-year-old wood 
retains larger amount.s of nitrogen and of carbohydrates during the first 
two weeks after pruning . . Thinning produces in the tips of the shoots 
left a condition resembling that brought about by a nitrate application, 
the amounts of nitrogen, sugar and water being intermediate between 

*Missouri Agricultural Experiment Station Research Bulletin SO: p. 8, 1922. 
tGard ner, Bradford and UQok~r . Fundamentals of Fruit Productio·n. p. 425. New York. 1922. 
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those found in the checks and in the fertilized trees. There is one 
noticeable difference, however. While the ferti 1izer treatment decreases 
the nitrogen content of the older wood, the thinning increases it. This 
may be associated with the development of lateral branches from the 
thinned shoots. 

Partial Heading.-The suppression of certain shoots by heading 
results in a depression of their nitrogen content. Nitrogen passes to the 
more vigorously growing portions of the tree. This fact accords well with 
the widely known principle of pruning practice that growth is more or 
less proportional to the relative size of the shoot. The amount of 
growth of any portion of a tree can therefore be regulated by the 
relative severity of the pruning, a device of great importance in the shap­
ing of young tree.sand in the prevention of bad crotches. It appears from 
these analyses that this regulation is accomplished largely by the effect 
of the pruning on the distribution of nitrogen. 

The effect of heading back in diverting nitrogen to unpruned shoots 
suggests a criticism of experiments involving the suppression of growth 
by other means. The ringing of a shoot, for example, might be expected 
to reduce the nitrogen content of the treated shoot and to increase the 
nitrogen content of unringed shoots on the same branch. Such experi­
ments would then have no significance in determining the tissues through 
which nitrogen passes on its way from the roots to the tops.* 

CONCLUSION 

The results obtained in this investigation do not suggest that the 
customary practices of pruning apples should be modified. They do offer 
a physiological basis for a number of pruning operations that are known 
tolbe effective and they indicate that further work of this type may 
even tu ally lead to an improvement of standard methods. It is evident 

. that pruning and especially heading is a dwarfing process and that no cut 
should be made without some definite object. It is dear that when young 
trees approach bearing age the severity of pruning must be diminished 
because carbohydrate accumulation is essential for fruit bud formation 
and severe pruning favors carbohydrate consumption. It appears that 
at such times, when pruning must be reduced to a minimum, thinning 
will remove less stored carbohydrate and nitrogen than a corresponding 
amount of heading. Some of these facts have been correctly forecasted, 
but the data presented are concrete evidence of their validity, and show 
certain of the determining physiological factors. 

*Amer. Journ. Bot. 10: . 361, 1923. 




