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Soil Treatments and Seasonal Chemical 
Changes in the Sour Cherry 

A. G. ANDERSON AND H. D. HooKER 

AssTRACT.-Spurs and shoots collected at monthly intervals for about one year 
from three plots of sour cherry trees were analysed for moisture, total and water
soluble nitrogen, sugars and starch. One plot was tilled, one was in sod and the third 
plot, likewise in sod, received annual spring applications of nitrate of soda. The 
analyses revealed a conversion of starch to sugar during the winter and a .resynthesis 
of starch in March. Translocation of nitrogen was shown by a marked increase in 
the percentages of nitrogen in spurs and shoots at the beginning of active spring 
growth. In addition to maxima in March and September, the carbohydrate curves 
showed a third maximum at the end of May followed by a minimum a month later. 
Maximum fruit bud formation was associated with maximum carbohydrate accu
mulation by the end of June. 

RESUME OF LITERATURE 

Little experimental work has been done with cherries on the use of 
fertilizers or on cultivation. 

Blake and Farley1 reported some small experiments 'on the use of 
nitrate of soda. In the experiment, which ran from 1896 and was report
ed on in 1909, there were two trees of each of three varieties: Early Rich
mond, Louis Phillippe and Montmorency. All plots received a bas~l 
treatment of 500 pounds per acre annually of a mixture of equal parts of 
ground bone, acid phosphate and muriate of potash. In addition, two 
plots received 150 po11nds of nitrate of soda per acre. 

The total fruit for the period on the plo~s receiving phosphorus and 
potash was abo.ut 1589 pounds. The plots receiving nitrate in addition 
yielded about 2,215 pounds, an increase of 626 pounds of fruit, attributed 
to the application of nitrogen. 

R. C. Collison2 of the New York Station stated that fertilizers had 
in general increased the yield of cherries, especially where nitrogen was 
used. 

R. C. Collison and J. D. Harlan3 in their final report on the O'Neil 
orchard found that nitrogen alone as well as in all combinations increased 
diameter growth. 

I. Blake and Farley, N. J, Agr. Exp. Sta. Rpt. 1915-1916, Pp. 29 and 30. 
2. Collison, N. Y. Agr. Exp. Sta. Bul. 477, pp. 35 to 38. 1920 
3. Collioon and Harlan, N.Y. (Geneva) Exp. Sta. Bul. 503, p. 17. 1923. 
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S. T. Maynard4 of the Massachusetts station reported as follows: 
"The [cherry] trees that have produced the largest amount and best 

fruit are growing somewhat slowly, either in rather poor soil or in turf 
land on the lawn or by the roadside where there is food supply sufficient 
to make a moderate growth, but not enough to create that coarse, 
soft growth produced in a rich garden or orchard land under culti
vation." 

Roberts and Potter5 found that in Wisconsin nitrogen fertilizer 
increased yields from Early Richmond cherries and favored spur bear
mg. 

Chandler6 reported increased tree growth following nitrogen appli
cations to Montmorency cherries under clean cultivation in New York. 

The work of the Woburn Experiment Fruit Station7 on the effect 
of sod on the growth of trees is of special interest, since it is viewed from 
the standpoint of toxicity of the soil. It was found that young orchards 
which were planted in sod made a feeble growth and soon reached the 
point of death if not tilled. Different kinds of fruit varied in their behav
ior toward sod as is seen by the following data: 

VALUES 

Cherries ___________ _ 
Pears ______________ _ 

Plums--------------Apples _____________ _ 

COMPARED VliTH UNGRASSED TREES= 100 
(After Bedford and Pickering) 
Leaf Size Prunings 

88 32 
72 21 
72 7 
68 0 

Crops 
8 
0 

1.5 
6 

From the above data it is evident that cherries are able to stand sod 
culture better than pears, plums or apples. 

Recent investigations in the Hudson River Valley8 show that 
moderately vigorous sour cherry trees responded to nitrogen fertilizers 
even under the cultivation-cover crop system of orchard management
and that they did not respond to applications of phosphorus or potas
sium. Where nitrogen was a limiting factor, gains in yield resulted the 
second and third year . after treatment was begun and they were ac
companied by increased shoot growth, larger leaf size and delayed 
maturity of fruit . .. Nitrogen applications were fol.lnd necessary to restore 
. the vigor of sever~l.y . pruned trees. 

4. Moynard, Mass. Agr. E:tp. Sta. Bul. 66, pp. 6-7. 1900. 
5. Roberts, and Potter, Wis. Agr. Exp. Sta. Bul. 302 pp. 20 and 21. 1919. 
6. Chandler, Fruit Growing. :pp. 315 and 316. Houghton Miffiin Co., Boston, 1925. 
7. Bedford & Pickering, Wob.urn Exp. Fruit Station Rpt, 1, 2, 3, 13 and 14. 
S. Tukq. N.Y. Agr. Exp. Sta."Bul, 541, 1927. 
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HISTORY AND PLAN OF THE EXPERIMENT 

In the spring of 1911, the Department of Horticulture of the Mis
souri Agricultural Experiment Station planted a cherry orchard on the 
University Fruit Farm, located near Turner Station. This orchard is on 
one of the poorer types of loess soil. Most of the trees' feeding roots are 
below the shallow surface layer of loess, feeding in a stiff clay subsoil of 
glacial origin. However, this soil is as good as the average cherry orchard 
soil of the state. 

The orchard as a whole is fairly uniform with the exception of one 
side of the tilled plot which has been subjected to rather severe erosion. 
The entire tract slopes gently to the east giving good surface drainage. 

The treatment of the land before the orchard was set may have had 
some effect on the trees in later years. Because of this fact it may be well 
to mention that a general system of farming was practiced. Corn, wheat, 
and other small grains were the common crops planted. A grape nursery 
occupied most of the land the year before the orchard was set. 

Discussion of plots. The cultural methods under comparison are 
tillage alone, sod with nitrate of soda fertilizer, and sod. The following 
schedule has been employed with regard to the individual plots: 

Tilled Plot. This plot is disked each spring and cultivated to main
tain a good mellow surface, and to keep weeds down until the middle of 
June or first of July. It is then allowed to grow up in wild vegetation 
such as weeds and grass. The lower end of this plot due to the annual 
cultivation and slope of the ground is subjected to rather severe erosion . . 
The surface of the ground in various places is thus lowered to the extent 
that a few trees are left standing on small mounds. This last spring 
this section of the plot was seeded to bluegrass with the hope of prevent
ing further erosion. 

Sod Plot. This plot was cultivated one year (1912) and then seeded 
to bluegrass. Since 19q these trees have remained permanently in heavy 
bluegrass sod. The grass is mowed once or twice each season and allowed 
to remain on the ground. This plot orginally contained 100 trees; in 
1920 it was divided into two plots of 50 trees each. 

Sod and Nitrate Fertilizer Plot. The application of fertilizer was 
quite incidental to the original purpose of this experiment. Until the 
spring of 1920 this plot was handled in the same manner as the sod plot. 
In the spring of 1920, 50 trees of the original sod plot were fertilized with 
sodium nitrate at the rate of 3 pounds per tree. The fertilizer was scatter
ed just beneath and slightly beyond the spread of the branches of each 
tree. There is no evidence whatever of erosion in the two sod plots. 
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FOOD STORAGE AND SEASONAL CHEMICAL CHANGES 
Collection of Material 

Four types of samples were collected-spurs, tips of shoots, middles 
of shoots and bases of shoots. The term shoot designates the current 
season's growth. 

The samples analyzed were collected each month, beginning in 
November and extending through to the following September. Spur 
samples were collected in the month of October. Samples were collected 
on clear, dry days. Several stages of maturity are represented by these 
samples: Those in October indicate spurs just reaching the first stage of 
maturity, while samples taken during the winter months are indicative 
of spurs and wood having reached full maturity. Samples taken in the 
spring indicate spurs and shoots just coming into active growth. Samples 
taken in the month of April contained leaves and flowers. Subsequent 
samples were collected without leaves, flowers or fruit. 

The determinations made on each sample included moisture, water 
soluble nitrogen, non-water soluble nitrogen, reducing sugars, total 
sugars and starch. 

METHODS OF ANALYSIS 

Moisture. As soon as the fresh tissue was removed from the tree 
it.:was placed in weighed bottles and tightly corked. These were taken to 
the laboratory and weighed immediately. The corks were removed and 
the bottles then placed in a constant temperature oven, and allowed to 
dry at a temperature of 60 degrees C. These samples remained in the 
oven from 96 to 120 hours until constant weight was obtained. The 
bottles were then removed from the oven and corked, allowed to cool, 
weighed and the per cent of mois~ure calculated. 

The dry material was ground in a steel corn mill. Several grindings 
were necessary before the powder would pass a 60-inch mesh screen. 
This dry powder was used for the nitrogen and carbohydrate determina
tions. 

Nitrogen. One or two grams of the dry powder were thrown on a 
filter and washed seven or eight times with small amounts of cold dis
tilled water into a 500cc. Kjeldahl flask. The washings were used for 
the determination of water soluble nitrogen. Nitrate nitrogen was in
cluded in this determination while salicylic acid and sodium thiosulphate 
were not used in the determination of the non-water soluble nitrogen. 
The water soluble-free residue from the washings of the powdered sample 
was used fo.r the determination of non-water soluble nitrogen. Water 
soluble and non-water soluble nitrogen were added to get the total nitro
gen. The official Kjeldahl-Gunning-Arnold method was used. 
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Carbohydrate. From three to six grams of the powder were used 

for the carbohydrate determinations. With a few changes the procedure 

as given in Research Bulletin 40 was used for the determination of car

bohydrates. In the total spgar determination, 50cc. of the last filtrate 

was pipetted into a 100cc. volumetric flask instead of75 cc. In the starch 

determination, saliva was used for the conversion of starch to maltose, 

and the dextrose instead of Taka-diastase. After cooling, 10-20 cc. of 

saliva, depending upon size of sample, was added to the starch solution. 

The material was then placed in a constant temperature water bath at 

38 degrees C. for 30 minutes. A 1% solution of starch was used as a 

check to determine when digestion was completed. After the digestions 

of starch, the procedure given in Bulletin 40 was followed. With a 

slight modification of standard solutions, the reducing power of these 

sugar solutions was determined by Spoehr's9 Volumetric Thiosulphate 

Method. 
The reducing power of the copper solution was standardized by the 

following procedure: 20 cc. of Fehling's solution (10 cc. A and 10 cc. B) 

were run into five centrifuge tubes. Quantities of standard dextrose solu

tion, 9.8, 9.9, 10., 10.1, and 10.2 cc., were added to the different tubes con

taining the Fehling's solution, and carried through the procedure as given 

above for sugars. The dextrose solution was made up so as to contain 

0.5 grams of standard dextrose per 100 cc. of solution. After the mixtures 

has been centrifuged, it was possible to determine the exact point at 

which all copper had been used by filtering off a few drops of the liquid, 

acidifying the filtrate with acetic acid, and adding a drop of a solution of 

potassium ferrocyanide. As long as there was unreduced copper present, 

a precipitate of brown-red coloration appeared when the ferrocyanide was 

added. By this method it was found that 10.1 cc. of the dextrose solu

tion reduced exactly 10 cc. of the copper solution, or 20 cc. of Fehling's 

solution. 

PRESENTATION OF DATA 

The results of analysis of the material described are given in Tables 

1-15 and Figures 1-17. 
The samples collected April 26 included flowers and leaves. Sub

sequent samples did not and so are not comparable with the April 

sample. In the nitrogen and moisture charts, the analyses of the April 

samples are connected by lines to the previous analyses, indicating the 

orderly sequence of development in the buds. The analyses of the May 

26 samples, however, are connected by lines with the analyses for March 

26 to show the relative nitrogen content in the shoots without leaves or 

flowers. In the carbohydrate charts this device was unnecessary as 

9. Spoehr, Carnegie lnst. Wash. Pub!. 1919. pp. 31-36. 
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starch and sugars were at a minimum April 26, the values found 
being so low that the presence or absence of flowers and leaves at this 
time could have made little difference. 

Nitrogen in Spurs. The percentages of total nitrogen in spurs in 
terms of dry weight and water soluble and non-water soluble nitrogen in 
percentages of total nitrogen are given in Table 1. The percentages of 
total nitrogen and water soluble nitrogen in percentages of dry weight 
are given in Figure 1. 

The percentage of nitrogen in cherry spurs remained fairly costant 
from October to the latter part of February when there was a slight rise. 
From March 26 to April 26 there was a rapid increase of both total 
nitrogen and water soluble nitrogen to a high maximum. No doubt the 
presence of leaves and flowers at this particular time caused the per
centage of nitrogen to run higher than it would if leaves and flowers had 
been removed. However, for the month in question all parts of the tree 
analyzed contained leaves and in some cases flowers, so that all samples 
are comparable. Richter's10 nitrogen analyses of leaf and fruit buds of 
the cherry show a very high nitrogen content; 3.687 per cent for leaf buds 
and 3.771 per cent for fruit buds, based on dry weight. 

From June to September the percentages of nitrogen remained fairly 
constant on a line somewhat lower than that followed during the winter. 
From September to October that must have been an increase in nitrogen. 

Due to the fact that the first period of growth in spring is a time of 
rapid absorption and assimilation of nitrogen, we should expect the con
tent of this element to run high,-especially in trees which had just re
ceived an application of nitrogen fertilizers. However, trees that were 
not fertilized ran parallel to and almost as high as trees receiving the 
fertilizer. This would lead us to believe that the high nitrogen content 
for April was due primarily to translocati~n of stored nitrogen from other 
parts of the tree toward the more actively growing leaf and fruit buds. 

Nitrogen in Base of Shoots. The nitrogen data for bases of shoots 
given in T::tble 2 and Figure 2 show that the percentage of nitrogen was 
less than in spurs. Although there was an increase during March and 
April, it was not so great as the increase for spurs. A minimum appeared 
in January or February, while a maximum was reached in April 
followed by a marked drop. Of the three plots, the nitrate plot took the 
intermediate position, while the sod plot remained low both in total and 
in water soluble nitrogen. The tilled plot determinations ran higher 
practically all through the season. The higher nitrogen content of this 
plot may be as~ociated with the circumstance that many spur'S and buds 

10. Richter, Landw. Versuchs-Sta. 73: 457-477. 1910. 
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TABLE I.-NITROGEN ANALYSIS OF SPURS 

Total and Water Soluble Nitrogen as Percentages of Dry Weight and Water Soluble 
Nitrogen as Percentage of Total Nitrogen. 

Plot Oct. Nov Dec. Jan. Feb. Mar. Apr. May July Aug. Sept. 
8 7 8 10 27 26 26 26 26 6 3 
---------------------

Sod 
Total Nitro-gen ______ 1.04 1.00 1.13 1.07 .99 1. 51 2.68 .72 .72 .66 .78 
Water Sol. 

Nitrogen .15 .08 .10 .07 .07 .24 .40 .09 .08 .09 .09 
Percentage _ 

of TotaL_ 15.0 7.7 8.6 6.9 6.7 15.8 15.1 12.5 11.5 13.6 11.5 
Sod Nitrate 
Total Ni trCJ-gen ______ .99 1.17 1.18 .98 1.25 1.21 2.88 .85 .78 .84 .76 
Water Sol. 

Nitrogen .13 .13 .09 .09 .14 .23 .65 .14 .10 .06 .03 
Percentage 

of Total 13.3 10.7 7.3 8.7 11.5 18.8 22.5 16.5 12.8 7.2 3.9 
Tilled 
Total Ni-

trogen ___ 1.01 1.14 1.33 .84 .96 1.37 2.53 .77 .76 .70 .76 
Water Sol. 

Nitrogen .14 .12 .14 .13 .06 .22 .51 .09 .06 .08 .12 
Percentage 

of TotaL_ 13.8 10.1 12.2 15.0 6.2 16.4 20.1 11.7 7.8 11.4 9.2 

f 
ll 

hI 

!/ 
1/f' 

1.5 
AY 

/;, ~ 
!,..&S :-::_-~ ...... -- } ,~ ~' ~ - -- "' ~ 

....; 
LD 

.... ..., >-- -- . .Jr 

~ ...,__ - ~ -- _..., -
/> 

..o-

/,. :.0 v 
"' -<> - ...()- -1 ~- ~ !--_ -1 (?' -~ ~ - -o-1 f-. - f-...o. -<> 

Nov Dec. Jim. {eo. Mar. 

Fig. I.-Nitrogen content of spurs in percentages of dry weight. Heavy 
lines are total nitrogen; light lines, water soluble nitrogen. Solid lines for 
sod plot; broken lines for sod-nitrate plot, dashes for tilled plot. 
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were formed at the base of the one-year-old wood in the tilled plot while 
development of spurs and buds was not nearly so marked in the other 
plots. 

Sod 

TABLE 2.-NrTROGEN ANALYSis OF BAsEs OF SHOOTs-1924 Wooo. 
Total and Water Soluble Nitrogen as Percentage of Dry Weight and \Vater 

Soluble Nitrogen as Percentage of Total Nitrogen. 
Plot Nov. 7 Dec. 8 Jan. 10 Feb. 27 Mar. 26 Apr. 26 May 26 ---------------------

Total Nitrogen __ 
Water Soluble 

.83 .92 .82 .77 1.51 1. 61 .48 
Nitrogen ________ .10 .08 .08 .05 .24 .39 .07 

Percentage of total 12.3 9.1 9. 5 6.4 15.8 24.4 14.6 Sod Nitrate 
Total Nitrogen ____ 
Water Soluble 

1.10 .95 . 81 .97 1.56 1. 74 
Nitrogen _______ .16 .10 .06 .16 .33 .45 

Percentage of total 14.6 10.5 7 .9 16.4 21.1 26.7 
Tilled 

Total Nitrogen ____ 1.20 1.03 .99 .82 1.16 2 .41 
Water Soluble 

Nitrogen __ ----- .20 .14 .11 .04 .22 .60 
Percentage of total 16.7 13.7 11.3 5.2 19.0 24.9 

~ 

~4 

If 
u / 

! 
~ -:f::. f.<> 

.14 

;J \, 
~ .._ l; /j. '~" ....... , .......... lA 
~ ->< ;'"' 1'\ 0- ... 

/U ~ ~ 
~ ~ 

., 
__..#-k-' 

~t-=:- ':A- - --~ ~ :=-=-..: :::::::::::... 
~ 

Oct Mlv .Oec. Jan. lab. Jht: lfpr. tHfy .Tutre 

Fig. 2.-Nitrogen content of bases of 1924 wood in 
percentages of dry weight. Heavy lines are total nitrogen ; 
light lines, water soluble nitrogen. Solid lines for sod plot ; 
broken lines for sod-nitrate plot; dashes for tilled plot. 

.50 

.07 
14.0 

.74 

.10 
13.5 

Nitrogen in Middle of Shoots •... The picture of seasonal chemical 
changes in nitrogen given for the middles of shoots in Table 3 and Figure 
3 is almost identical with that for the bases of shoots. The different 
plots take about the same position in both graphs. 
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The nitrogen content of all plots remained fairly constant from 

November to February. From February to April there was a rise of 

both total nitrogen and water soluble nitrogen, much smaller than the 

TABLE 3.-NrTROGEN ANALYSIS oF MIDDLES OF SHOOTs-1924 WooD 
Total and Water Soluble Nitrogen as Percentages of Dry Weight and Water Soluble 

Nitrogen as Percentages of Total Nitrogen. 

Plot Nov. 7 Dec. 8 Jan. 10 Feb. 27 Mar. 26 Apr. 26 
---------------

Sod 
Total Nitrogen ____ .83 .85 .22 . 81 1.37 1.42 
Water Sol. Nitro-gen ____________ .10 .11 .13 .09 . 20 .25 
Percentage of total 11.7 13.1 10.3 11.5 14.9 17.6 

Sod Nitrate 
Total Nitrogen ____ 
Water Sol. Nitro-

1.05 .91 .76 .97 1.36 1.55 

gen ____________ .14 .16 .06 .19 .24 .29 
Percentage of total 13.8 17.1 7.5 19.4 17.7 18.6 

Tilled 
Total Nitrogen __ 1.07 1.02 1.00 .83 1.05 1. 70 
Water Sol. Nitro-gen ________ ___ _ 

.16 .16 .13 .08 .20 .47 
Percentage of total 15.1 15.9 12.7 10.2 19.4 27.7 

p 

14 
l.o 

.} 
~~ 

~ 

8 -- / .......... 
Vf 

"' /, .A 
:::.< -~ ~ '._ 

... ~ cf-- .......... -1.0 

~ 
"' ,- 1-o 

g:.=-~ ~ ~ ~ ~ - ""'--
~ Rf' ~ 

Oct. M>Y. Dec. .JOn. Feb Mzr. /1pr. MOJ 

Fig. 3.-Nitrogen content of middles of 1924 wood in 
percentages of dry weight. Heavy lines are total nitrogen ; 
light lines, water soluble nitrogen. Solid lines for sod plot; 
broken lines for sod-nitrate plot, dashes for tilled plot. 

May 26 
---

.51 

.06 
10.8 

.53 

.09 
16.6 

.61 

.09 
14.7 

rise found in spurs and in tips of shoots, and somewhat less than in the 

bases of shoots. This condition might be expected as there were but few 

growing points on this section of the one year old wood. The tilled-plot 

shoots were observed to have more flowering buds near the middle of 

the shoots than the one year old wood in the other plots. The nitrogen 

in the samples from the tilled plot reached a correspondingly higher point 

at the end of April. 
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TABLE 4.-NITROGEN ANALYsis oF TIPS OF SHOOTs-1924 Woon 
Total and Water Soluble Nitrogen in Percentages of Dry Weight and Water Soluble 

Nitrogen in Percentages of Total Nitrogen. 

Plot Nov. Dec. Jan. Feb. Mar. Apr. May July Aug. Sept. 
7 8 10 27 26 26 26 2 6 3 
-----------------

Sod 
Total Nitrogen __ .88 1.04 1.17 .98 1.22 3.07 .71 .47 .48 .61 
Water Sol. Ni-

trogen ________ .14 .15 .10 .10 .22 .44 .14 .00 .04 .11 
Percentage of 

TotaL _______ 16.4 14 .2 8.7 9.7 18.4 14.3 19.7 0 .00 8.4 18.0 
Sod Nitrate 

Total Nitrogen __ 1.16 1.24 1.27 1.20 1.41 3 . 30 . 74 .56 .59 .66 
Water Sol. Ni-

trogen ________ .16 .17 .06 .22 .27 .55 .15 .03 .081 .09 
Percentage of 

TotaL _______ 13.6 13 .5 4.4 18.2 19.1 16.6 20.3 5.4 13.5 113.6 
Tilled 

Total Nitrogen __ 1.13 1.25 1.19 .88 1.31 3.19 .86 .86 .52 .69 
Water Sol. Ni-

trogen --- -- --
Percentage of 

.20 .17 .13 .10 .24 .57 .15 .10 .05 .15 

TotaL_------ 18 .1 13.3 11.3 11.9 18.2 18.0 17.5 14.9 9.7 21.9 
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Fig. 4.-Nitrogen content of tips of 1924 wood in percentages of dry 
weight. Heavy lines are total nitrogen; light lines, water soluble nitrogen. 
Solid lines for sod plot; broken lines for sod-nitrate plot; dashes for tilled plot. 
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Nitrogen in Tips of 1924 Wood. The most striking feature of the 
data presented in Table 4 and in Figure 4 is the very high nitrogen con
tent of tips of the 1924 wood, especially in April, 1925. All plots were 
uniform in their seasonal chemical changes. The nitrate plot remained 
highest through April, the tilled plot being higher in May and June. 
The sod plot was lowest in total nitrogen and water soluble nitrogen. A 
m.nimum nitrogen content occurred in July or August and a secondary 
m1nimum in February. It is interesting to observe the manner in which 
nitrogen tended to move to the tips of the shoots even when many leaf 
biuds and fruit buds were present on the bases of the shoots as was the 
case on the tilled plot. 

Nitrogen Determinations in Tips Middles and Bases of 1925 
Shoot Growth. The analyses of the new growth, shown in Tables 
5 to 7 and Figures 5 to 7, reveal a decrease in nitrogen from May 
to August in bases, middles and tips, followed by a slight increase 
from August to September in the sod and tilled plots. The nitro
gen in the new growth from the sod-nitrate plot continued t:o decline 
until September. Reference to Tables 2 to 4 and Figures 2 to 4 indicates 
that the nitrogen content of the new growth was on the increase until 
November in the bases and middles from the tilled and sod-nitrate plots 
and until January in the tips from the sod and sod-nitrate plots. The sod
nitrate plot had the highest percentage of nitrogen in the new growth on 
May 26 when the entire new growth was sampled. During the summer 
the sod plot showed the lowest percentage of nitrogen in the new growth. 
On September 3, the highest percentages of nitrogen were in the samples 
from the tilled plot, those from the sod-nitrate plot showing the least. 
The tips of the new growth contained more nitrogen than the middles 
and bases. 

STARCH AND SUGAR ANALYSIS 

Reducing Sugars, Total Sugars and Starch in Spurs. The per
centages of reducing sugars, total sugars and starch, in terms of dry 
weight, are given in Table 8, and starch and total sugars are shown in 
Figure 8. 

The carbohydrates of the cherry spur passed through three maxima 
and three minima. For starch the maxima occurred at the end of March, 
the end of May and in September; the minima in January or February, 
the end of April and the first of July. For total sugars, the maxima oc
curred during the winter anywhere from December to March, the end of 
May and in August or September. The minima occurred in October, the 
end of April and the first of July. For reducing sugars (shown in Table 
8) the three maxima occurred in January or February, the end of March 
and in August or September. The minima occurred in November, the 
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TABLE 5.-NITROGEN ANALYSIS OF BAsEs OF SHOOTs-1925 WooD 
Total and Water Soluble Nitrogen in Percentages of Dry Weight and Water Soluble 

Nitrogen in Percentages of Total Nitrogen 

Plot May 26 July 2 August 6 September 3 

Sod 
Total Nitrogen __________ 1.05 .53 .48 .57 
Water Sol. Nitrogen _____ .07 .09 .05 .08 
Percentage of TotaL _____ 6.7 16.9 10.4 14.0 

Sod Nitrate 
Total Nitrogen __________ 1.26 .57 .56 . 55 
Water Sol. Nitrogen _____ .24 .05 .03 .07 
Percentage of TotaL _____ 20.1 8 . 8 5.4 12.7 

Tilled 
Total Nitrogen __________ 1.13 .58 .59 .68 
Water Sol. Nitrogen ___ __ .15 .07 .25 .14 
Percentage of TotaL _____ 13.7 12.1 42.4 20.6 

TABLE 6.-NITROGEN ANALYSIS OF MIDDLES OF SHOOTS-1925 WooD 
Total and Water Soluble Nitrogen in Percentages of Dry Weights and Water Soluble 

Nitrogen in Percentages of Total Nitrogen. 

Plot May 26 July 2 August 6 September 3 

Sod 
Total Nitrogen __________ 1.05 . 56 .50 .63 
Water Sol. Nitrogen _____ .07 . 12 .01 .12 
Percent of TotaL ________ 6.7 21.4 2.0 19.0 

Sod Nitrate 
Total Nitrogen __________ 1.26 .63 .60 .60 
Water Sol Nitrogen ______ .25 .07 .09 .08 
Percent ofTotaL __ _____ 20.1 11.1 15.0 13.3 

Tilled 
Total Nitrogen __ ________ 1.13 .63 .58 .73 
Water Sol. Nitrogen _____ .15 .08 . 10 .16 
Percent of TotaL _______ 13 . 7 12.7 17.3 22.0 

TABLE 7.-NITROGEN ANALYSIS OF TIPS OF SHooTs-1925 WooD 
Total and Water Soluble Nitrogen in Percentages of Dry Weight and Water Soluble 

Nitrogen in Percentages of Total Nitrogen. 

Plot May 26 July 2 August 6 September 3 

Sod 
Total Nitrogen- - ---- --- 1.05 .71 .65 .79 
Water Sol. Nitrogen _____ .07 .09 .07 .12 
Percent of TotaL _______ 6.7 12.7 10.8 15.2 

Sod Nitrate 
Total Nitrogen __________ 1.26 .85 .83 .78 
Water Sol. Nitrogen _____ .25 .10 . 17 .11 
Percent of TotaL _____ __ 20.1 11.7 20.5 14.2 

Tilled 
Total Nitrogen __________ 1.13 .87 .73 .95 
Water Sol. Nitrogen _____ .15 .12 . 11 .20 
Percent of TotaL _______ 13.7 13.8 15. 1 21.1 
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Fig. 5.-Nitrogen content of 
bases of 1925 wood in percentages 
of dry weight. Heavy lines are 
total nitrogen; light lines, water 
soluble nitrogen. Solid lines for 
sod plot; broken lines for sod
nitrate plot; dashes for tilled plot. 

Fig. 6.-Nitrogen content of 
middles of 1925 wood in percent
ages of dry weight. Heavy lines 
are total nitrogen ; light lines, 
water soluble nitrogen. Solid 
lines for sod plot; broken lines 
for sod-nitrate plot; dashes for 
tilled plot. 

Fig. 7.-Nitrogen content of 
tips of 1925 wood in percentages 
of dry weight. Heavy lines are 
total nitrogen; light lines, water 
soluble nitrogen. Solid lines for 
sod plot; broken lines for sod
nitrate plot; dashes for tilled plot. 
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TABLE B.-CARBOHYDRATE ANALYSIS OF SPURS 

Reducing Sugars, Total Sugars and Starch or Glucose in Percentages of Dry Weight. -
Plot Oct. Nov. Dec. Jan. Feb. I Mar. .-\pr. May July Aug. I Sept. 

8 7 8 10 27 26 26 26 2 6 3 ----- ----- --·---
Sod 

Reducing 
Sugars .76 .61 .91 1.17 I. 81 1.06 .11 3. 57 1.85 3.02 2.87 

Total 
Sugars 1.20 1.77 1.94 2.53 1.85 .109 .18 4.85 2.50 3.70 3.95 Starch ___ 2.36 1.50 .83 .34 .83 1.44 Trace 3.15 1.85 4.05 4.47 

Sod Nitrate 
Reducing 

Sugars_ .70 .16 1.02 1.61 1.52 1.00 .14 2.87 2.04 2. 72' 2.72 
Total 

Sugars_ 1.10 1.94 2.74 2.65 1.95 1.26 .14 4.85 2.80 3.70 3.70 
Starch __ _ 2.16 1.01 .60 .36 .31 1.06 Trace 3.32 1.92 3.9 4.47 

Tilled 
Reducing 

Sugars .70 .38 1. 73 1.88 2.00 1.02 .08 3.75 2.25 

~:~:1 
3.02 

Total 
Sugars 1.00 1.51 1.77 1.78 2.21 1.26 .05 4.60 3.35 3.70 

Starch ___ 3.20 1.86 .80 .53 .79 1.61 Trace 3.75 2.42 3.75, 4.35 
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Fig. B.-Carbohydrate content of spurs in percentages of dry weight. 
Heavy lines are total sugars; light lines, starch. Solid lines for sod plot; 
broken lines for sod-nitrate plot; dashes for tilled plot. 
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end of April and the first of July. On April 26 and on July 2, all of the 
carbohydrates determined were at a minimum. On May 26, they were 
all at a maximum. 

The minima in sugars in the fall and in the spring, with a maximum 
between at about the same time the starch reached a minimum, indicates 
a conversion of starch to sugar during the winter and a resynthesis of 
starch from sugar in March. 

In October the tilled plot samples had the highest percentage of 
starch, and they remained high through most of the season, including the 
period of fruit bud formation during the first part of July. 

Reducing Sugars, Total Sugars and Starch in Bases of Shoots. The 
carbohydrate changes in the bases of shoots are shown in Table 9 ·and 
Figure 9 . 

.5 

+ 

~~ 
,~:/ 

'1 l&:t 
'\ I I ~ r;# I 

~l\ r~ v ' ....... 
~ ;-:.i , '# ' 

~ ~ ~' -:: ~ 011 
tt; 

e; ~ ~ :_.....--'~ ~\ II 
t. 

---..... )""' \ ~ 
Ctt. ;fbP. £Jec. ;:70/7. Fd>. A;l:;r. ~r. /11qy 

Fig. 9.-Carbohydrate content of bases of 1924 wood 
in percentages of dry weight. Heavy lines are total 
sugars; light lines, starch. Solid lines for sod plot; 
broken lines for sod-nitrate plot; dashes for tilled plot. 

TABLE 9.-CARBOHYDRATE ANALYSis OF BASES OF SHOOTs-1924 Wooo 
Reducing Sugar, Total Sugars and Starch as Glucose in Percentages of Dry Weight. 

Plot Nov. 7 Dec.~ Jan. 10 Feb. 27 Mar. 26 Apr. 26 May 26 
---------------------

Sod 
Reducing Sugars _ .63 1.24 1.46 1.18 1.26 .02 3 .07 
Total Sugars ______ .88 1.43 1.95 2.04 1.78 .20 3.95 
Starch ---------- 2.33 .54 .56 .71 .96 Trace 3.32 

Sod Nitrate 
Reducing Sugars .50 1.22 1.61 1.98 2.70 .08 2.87 
Total Sugars ______ .85 1.43 2.40 1.72 1.32 .29 3.95 Starch ___________ 1.71 .63 .39 .83 1.12 Trace 3.02 

Tilled 
Reducing Sugars _ .48 

I 
1.15 1.72 2.30 .92 .02 2.57 

Total Sugars ______ .48 1. 79 1.98 1.15 1.12 .10 3.70 Starch ___________ 2.68 .57 .39 . 79 1 2.04 Trace 3.45 
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In January when the sugar content was at a maximum, the starch 
content was at a minimum. The quantity of starch was not so great as in 
spurs, !hut the same chemical changes are in evidence. 

The cherry bears fruit on one year old wood. Especially is this the 
case near the base of the one year old wood. Because of this type of 
bearing, we should expect the base of the one year old wood to behave 
much like spurs, and in fact, the chemical changes were almost identical 
in all respects. The starch in the tilled plot samples ran very high in 
March, otherwise the differences between plots were small. 

Reducing Sugars, Total Sugars and Starch in Middles of Shoots. 
Carbohydrates in terms of dry weight are given in Table 10 and Figure 
10 for the middles of shoots. 

These starch curves show two of the minima, one in January and 
one in April; all three maxima are indicated,-one in the fall another in 
March and one in May. The sugar content varied inversely with the 
starch content from November through March. During April there was 
a loss of both sugars and starch. The maxima in sugars during the winter 
months and toward the end of May are shown. 

J 

p 

( f, 

/fr 
Jrl 

...-<\ 

0, P-_ ~ ~ I 

I - ./ I 

<l.\/ ~ ~ I 
.h I 

~\ tr /~~ 
~'! ~ ~ 

:"/~ ~- ~~/ 
d ~ ~ -~ I 

Ctt_ #IJk Oec. :Kin. reb. Jfqr. ffpr. J1tJy JUne 

Fig. 10.-Carbohydrate content of middles of 1924 
wood in percentages of dry weight. Heavy lines are 
total sugars ; light lines, starch. Solid lines for sod plot; 
broken lines for sod-nitrate plot ; dashes for tilled plot. 
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TABLE 10.-CARBOHYDRATE ANALYSIS OF MIDDLEs OF SHooTs-1924 Wooo 

Reducing Sugars, Total Sugars, and Starch as Glucose in Percentages of Dry Weight. 

Plot Nov. 7 Dec. 8 Jan. 10 Feb. 27 Mar. 26 Apr. 26 May 26 
------------------

Sod 
Reducing Sugars .16 .74 1. 74 2.21 .89 .05 2.72 
Total Sugars ______ .14 1.43 1. 89 2 . 65 .92 .05 3.70 
Starch ___________ 2.30 .46 .31 .65 1.14 Trace 3.57 

Sod Nitrate 
Reducing Sugars .05 .78 1.32 2.44 1.03 .07 2.57 
Total Sugars _____ .74 1. 50 1.95 2.47 1.49 .29 4.25 
Starch ___________ 1.72 .51 .19 .59 1.04 Trace 3.25 

Tilled 
Reducing Sugars .85 1.22 1.61 2.35 .90 .10 2.30 
Total Sugars ______ .88 2.35 2.01 2.36 1.08 .23 3.40 
Starch ___________ 1.99 .48 .28 .65 1.48 Trace 2.57 

Reducing Sugars, Total Sugars and Starch in Tips of 1924 Wood. 

The picture for carbohydrate changes in the tips of the 1924 wood, given 

in Table 11 and Figure 11, is very similar to the changes in bases and 

middles of shoots with the exception of the very high sugar content to

ward the end of February. This would seem to indicate that here sub

stances which may be converted to sugars are less stable and more readi

ly changed to sugars than such substances in the spurs, bases and middles 

of shoots. 
From the different figures already given, it is obvious that the ni

trate plot ran low in starch in practically all cases. The tilled plot failed 

to show a maximum in any of the carbohydrates determined at the end 

of May, total sugars being on the increase until July and starch increas

ing until August. The sod plot showed the highest precentage of car

bohydrates toward the end of May and in August and September. Dur

ing this period the tips of the 1924 wood are, of course, the tips of the 

two-year-old wood. 

TABLE 11.-CARBOHYDRATE ANALYSIS OF TIPS OF SHOOTS-1924 \Vooo 

Sugars, Total Sugars and Starch as Glucose in Percentages of Dry Weight. 

Plot Nov. Dec. Jan. Feb. Mar. Apr. May July Aug. Sept 
7 8 10 27 26 26 26 2 6 3 
------------------

Sod 
Reducing Sugars .47 1.78 1.00 2.64 1.17 .05 3.02 1. 75 2. 57 2.50 
Total Sugars ___ .. .68 1.23 1.78 3.01 1.26 .23 3.95 2.80 3.70 3.70 
Starch _________ 1.90 .60 .28 .30 .90 Trace 3.75 2.05 5.10 6.3 

Sod Nitrate 
Reducing Sugars .15 1.63 1. 82 2.44 1.30 .07 2.87 2.04 2.72 2.25 
Total Sugars ____ .20 1.98 2.24 3.02 1.33 .05 3.95 2.80 3.70 3.5 
Starch _________ 2.03 .68 .65 .31 1.03 Trace 3.15 2.80 4.77 5.32 

Tilled 
Reducing Sugars .32 1.08 1.68 2.70 1:26 .05 2.30 2.57 2.12 2.42 
Total Sugars ____ . 81 1.16 2.65 3.12 1.92 .27 3.10 3.35 3.10 3.10 
Starch __________ 1.72 .83 .80 .42 1.60 Trace 2.95 3.32 4 . 35 4.20 
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Reducing Sugars, Total Sugars and Starch in the New Growth. 
The percentages of carbohydrate in the new growth from May to Septem
ber are shown in Tables 12, 13, and 14 and in Figures 12, 13 and 14 for 
the bases, middles and tips respectively. The samples collected at the 
end of May comprised the entire new growth, the shoots being too short 
to divide into bases, middles and tips. It may be assumed that the curves 
start from a very low point at the end of April, so that the high values 
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Fig. 11.-Carbohydrate content of tips of 1924 wood in percentages of 
dry weight. Heavy lines are total sugars; light lines, starch. Solid lines for 
sod plot; broken lines for sod-nitrate plot; dashes for tilled plot. 

found at the end of May constitute a maximum in each case. This 
maximum is followed by a minimum by the end of June and a second 
maximum in September. At the time of fruit bud formation, which may 
be ~assumed to begin toward the end of June or the first part of July, 
the tilled plot showed the highest starch and sugar content in all parts 
of the new growth. The sod plot samples showed the greatest accumula
tion of starch in September. Comparison with Tables 9 to 11 and Figures 
9 to 11 shows that carbohydrates decreased from September to Novem
ber in all parts of the shoots, the sugars falling to a minimum some time 
during the interval. 

Moisture. The percentages of moisture in spurs and shoots in the 
different plots, for the months studied, are given in Table 15 and Figures 
15, 16 and 17. 
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TAB LE 12.-CARBOHYDRATE ANALYSIS OF BASES OF SHOOTS-1925 V\'000 
Reducing Sugars, Total Sugars, and Starch as Glucose in Percentages of Dry Weight. 

Plot May 26 July 2 August 6 Septern ber 3 

Sod 
Reducing Sugars ------- 2.72 .87 2.25 2.37 Total Sugars ____________ 3 . 95 1.90 3.35 3.50 Starch _________________ 3 . 57 1.67 4.87 5.17 

Sod Nitrate 
Reducing Sugars ________ 2.80 1.32 2.12 2.12 Total Sugars ___________ 4.70 2.25 2.65 3.35 Starch _____ ___ ______ ___ 3.75 2.42 3.15 4.47 

Tilled 
Reducing Sugars ________ 3.02 2.35 2.42 2.30 Total Sugars ____________ 3.70 3.35 3.50 3.50 Starch _________________ 3.90 2.42 4.47 3.82 

TABLE 13.-CARBOHYDRATE ANALYsis OF MIDDLES oF SHOOTs-1925 Wooo 
Reducing Sugars, Total Sugars and Starch as Glucose in Percentages of Dry Weight. 

Plot May26 July2 August 6 September 3 

Sod 
Reducing Sugars __ ______ 2.72 1.55 2.25 2.57 Total Sugars ____________ 3.95 2.35 3.10 3.40 Starch _________________ 3.57 1.55 4.35 4.47 

Sod Nitrate 
Reducing Sugars ________ 2.80 1.55 1.68 2 . 12 Total Sugars ____________ 4.70 2.25 I 2.80 3.10 Starch _____ _____ _______ 3.75 2.12 3.02 4.47 

Tilled 

I 
Reducing Sugars ________ 3.02 2.25 2.42 2.42 
Total Sugars ____________ 3.70 2.80 3.35 3.70 Starch _________________ 

3.90 2.57 4.05 3.90 

TABLE 14.-CARBOHYDRATE ANALYsis OF TIPs OF SHOOTs-1925 WooD 
Reducing Sugars, Total Sugars and Starch as Glucose in Percentages of Dry Weight. 

Plot May26 July 2 August 6 September 3 

Sod 
Reducing Sugars ________ 2.72 1.39 2.57 2.27 Total Sugars ____________ 3.95 1. 65 3.35 3.70 
Starch _________________ 3.57 1.67 4.47 4.77 

Sod Nitrate 
Reducing Sugars ________ 2.80 2.91 2.24 2.42 Total Sugars ____________ 4.70 1.90 3.70 3.70 Starch ______ ___________ 3.75 1.92 3.75 4.62 

Tilled 
Reducing Sugars _____ ___ 3.02 1.68 2.57 2.57 Total Sugars ____________ 3.70 2.80 3.70 3.70 Starch _________________ 3.90 2.25 4.30 4.62 
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Fig. 12.-Carbohydratc content 
of bases of 1925 wood in percent
ages of dry weight. Heavy lines 
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tilled plot. 
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Fig. 13.-Carbohydrate content 
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are total sugars; light lines, starch. 
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TABLE 15.-MOISTURE DETERMINATIONS 
Percentages of Moisture in Spurs and Shoots in the Different Plots. 

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May July 'Aug. Sept. 
8 7 8 10 27 26 26 26 2 6 3 

1--------------------
Sod Plot 
Spurs _____ ___ 49.03 48.80 49.39 48.60 47.30 58.80 80.00 50.40 52.41 45 .20 43.75 
Bases of 1924 

Wood _____ 50.21 49.60 49.20 48.50 55.00 81.00 51.40 -- -- --Middles of 
1924 Wood 50.60 51.09 49.40 48.20 53.00 84.00 52.60 -- -- --Tips of 1924 
Wood _____ 51.19 49.16 50.10 47.60 54.50 90.00 56.00 49.66 45.10 44.50 

Bases of New 

l Growth ___ 52.60 45.86 45.71 
Middles of 
New Growth -- -- -- -- -- -- --I 80.9 52.90 47.10 46.58 

Tips of New 
Growth ____ -- -- -- -- -- -- -- -- 57.27 49.48 48.18 

Sod Nitrate 
Plot 

Spurs ________ 49.35 51.80 50.83 48.00 46.40 48.70 80.90 51.41 50 .08 45.10 42.35 
Bases of 1924 

Wood _____ 50.60 48.20 49.40 47 .40 53.00 86.40 52.19 -- -- . -
Middles of 

1924 Wood 50.09 51.70 40.90 46.60 53.30 81.50 51.79 -- -- --Tips of 1924 
Wood _____ 52.07 52.90 41.05 47.60 55.30 86 . 60 56.50 50.07 43.95 43.90 

Bases of New 
Growth ____ -- -- -- -- -- -- --} -- 53.10 43.65 44.40 

Middles of 
NewGrowth -- -- -- -- -- -- -- 68.6 55.10 45.30 44.50 

Tips of New 
Growth -- -- -- -- -- -- 58.78 47.90 46.87 

Tilled Plot 
Spurs _____ - - 49 .03 47.81 47.40 45.70 45 .00 54. 90 80. 00 50 .30 47.41 43.80 41.50 
Bases of 1924 

Wood _____ 48.40 48. 84 48 .30 47.10 53.90 86.20 52.84 -- -- --Tips of 1924 
Wood _____ 50.32 50.21 49.10 46.30 54.30 86.80 52.92 50.22 47.00 44.39 

Bases of New 

::}s;:l 
Growth ____ -- -- -- -- -- 51.86 45.88 45.91 

Middles of 
NewGrowth -- -- -- -- -- 53 .30 47.60 60.00 

Tips of New 
Growth ____ -- -- -- -- -- 53.91 49.47 48 .55 

Throughout the season the same general moisture condition existed 
for the different parts of the tree analyzed. The highest moisture content 
was obtained during the growing season, reaching a maximum by the 
end of April. Minima occurred in August or September and again in 
January or February, with a secondary maximum in between. The very 
low temperature during December, January and February may have been 
associated with the reduced moisture content at this season. The new 
growth and particularly the tips of shoots tended to run higher in mois
ture than the other samples and the spurs to run lower, for the most 
part. The sod-nitrate trees in general had the lowest percentage of 
moisture and the trees in sod the highest. 
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Fig. 15.-Moisture content of spurs atld shoots on trees in sod-nitrate 
plot. Solid line for spurs; broken line for tips of shoots; dash line for bases 
of shoots; dot-dash line for middles or shoots. New growth shown by lines 
beginning May 26. 
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Fig. 17.-Moisture content of spurs and shoots on trees in tilled plot. 
Solid line for spurs; broken line for tips of shoots; dash line for bases of 
shoots; dot-dash line for middles of shoots. New growth shown by lines 
beginning May 26. 

DISCUSSION 

In spite of some differences in the percentages of sugars, starch and 
nitrogen in the different plots, the general trend in chemical fluctuations 
was the same. In the fall, when the temperature was moderate, spurs, 
bases, middles and tips of shoots were all high in starch and relatively 
low in reducing and non-reducing sugars. During December, January 
and February, when extremely low temperatures prevailed, a marked 
increase in sugars was accompanied by an equally marked decrease in 
starch. With rising temperatures there was a reconversion of sugars to 
starch, though the total amount of starch and sugars did not equal the 
amounts present earlier, due probably to utilization in respiration. 

The increase of water soluble and total nitrogen and moisture at the 
beginning of active spring growth in both shoots arid spurs is significant. 
Although no data were obtained which would indicate whence this ad
diti011al nitrogen came, it would seem that all or nearly all of it was 
translocated from older branches. That stqred nitrogen passes from twO
year-old wood into the younger wood, causing a ra.pid increase in the 
nitrogen content at the tips, has been shown for apples,H and it does not 

11. Hooker, Mo. A gr. Exp. Sta: Research Bul: 72. ·t924. 
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seem that the behavior of cherry trees should be materially different in 
this respect. There was, however, in general, an increase in the amount 
of nitrogen in the basal regions of cherry shoots, which, while slight, was 
nevertheless greater than in the middles, though considerably less than 
at the tips. Such a distribution of nitrogen in cherry shoots might 
naturally be expected since the tips and bases are more active than the 
middles. Flower buds are formed at the bases of cherry shoots, so that 
they might be expected to act more like apple spurs. 

The most remarkable feature of the carbohydrate curves is the 
maximum found near the end of May followed by a minimum at the end 
of June in all series of samples for all plots with the single exception of 
the tips of the 1924 wood on the tilled plot. In consequence, the curves 
show three maxima and three minima during the year, a condition that 
has not been reported for any other plant. This may be because samples 
have not been collected at just the right time to show this third maximum 
in other plants, for it is apparent that if the May 26 samples were omitted 
the resulting picture would bear a close resemblance to the carbohydrate 
curves of apple spurs. 1 ~ In any case, the cherry shows astonishing photo
synthetic activity in replenishing the supplies of carbohydrate exhausted 
during early spring growth. Should a similar rapid rise in the carbohy
drate curves prove to be absent in the apple, this difference between the 
two plants might well be studied in relation to differences in the set and 
development of fruit. Most varieties of apples set a relatively small num
ber of fruits which develop during a relatively long period. In the sour 
cherry, the percentage of fruit that sets is relatively much greater and 
the fruit ripens in the brief space of about two months. This suggests 
the possibility of stimulative action arising in the fecundative process. 

Fruit bud formation begins in the cherry toward the end of June. 
The data presented show the largest carbohydrate accumulation at this 
time in the tilled plot which was also the most fruitful, the trees on this 
plot producing more fruit buds than those on the other plots. Although 
the carbohydrates had decreased during the month of June, probably 
because of utilization in fruit production, considerable amounts were 
present at the beginning of fruit bud formation. The nitrogen content 
likewise decreased sharply during June in the shoot growth, but re
mained constant in spurs. 

During the late summer and fall further accumulation of carbohy
drate occurred resulting in the highest maximum of the year for starch. 
After August an accumulation of nitrogen became evident, particularly 
in the bases of shoots. The highest percentage of nitrogen was found 
in trees on the fertilized plot from February to August. From Sep-

12. Cf. Hooker, Mo. Agr. Exp. Sta. Research Bul. 40, 1920. 
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tember to December the trees on the cultivated plot had the highest 

percentage of nitrogen. Though the differences were slight, they con

formed to the differences in nitrogen supply that would be expected to 

result from tillage and the sod-nitrate systems of management. The 

trees in sod had the lowest percentages of nitrogen in general, and par

ticularly during the summer. 
Water soluble nitrogen closely paralleled total nitrogen throughout, 

forming a relatively constant fraction. The most striking fluctuation 

from the general level occurred in March and April when the percentages 

increased synchronously with the rise in total nitrogen. 

In general, the middles of shoots which produced very few leaf buds 

and fruit buds were low in both nitrogen and carbohydrate; the tips of 

the highly vegetative shoots were high in nitrogen and low in starch, 

while spurs which produced both leaves and flowers contained the great

est percentages of starch and a nitrogen percentage almost equal to that 

of the tips. Bases of shoots, which were usually more productive than 

middles or tips, were second to spurs in starch content and contained 

more nitrogen than middles of shoots. 
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