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Prank N. Hewetson

Treatments which were designed to rejuvenate an old 
apple orchard included the use of three rates of fertilizer 
applications combined with straw and pea vine mulch slots 
and Ladino and bluegrass cover crop plots. Results were 
recorded in the field by means of shoot growth, trunk cir­
cumference and yield of the trees, and by weights of the 
cover crops* In the laboratory, dry weight, chlorophyll and 
nitrogen content, of the leaves were determined.

The higher fertilizer applications were effective in 
Increasing trunk area, cover crop weights, leaf weight, 
nitrogen and chlorophyll content of the leaves, shoot growth 
and finally yield, in that relative order.

The effects on growth were In proportion to the amounts 
of fertilizer used.

The increase in leaf weight, leaf nitrogen and chloro­
phyll stimulated tree growth which In turn increased yield. 

Among the mulch and cover crop treatments, nea vines 
were outstanding in their beneficial effect on tree per­
formance, This effect was more apparent in the low than in 
the medium or high fertility plots,

A program of rejuvenation as conducted under the con­
ditions of this experiment, would give temporary economic 
benefits. Over a long period of time, however, a tree 
removal and replanting program might be more profitable.
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INTRODUCTION

In many largo fruit growing sections of the country 
there are old apple orchards which fail to produce satis­
factory yields, although the majority of them are situated 
in good locations and contain marketable varieties. Their 
low productive capacity may have been caused oy low soil 
fertility, poor physical condition of the soil, or neglect 
of the trees themselves.

The owners of these orchards are faced with the problem 
of deciding whether to take out all of the old trees and 
replant the whole location or to give the old trees special 
treatments in order to restore their vigor and thu3 increase 
their fruit production. They must first decide whether the 
condition of the trees will respond to a rejuvenation program 
and, then, they must consider the cost of this procedure in 
relation to the cost of replanting and the loss of income 
until the trees come into bearing.

In any attempt to improve yields, it is first necessary 
to produce healthy vigorous trees. The trees must be pruned 
and there must be an adequate spray program to control 
Insects and diseases. The physical condition and nutrient 
level of the soil must be suitable for optimum tree per­
formance •



The present investigation was designed to rejuvenate 
an old apple orchard by improving the condition of the soil 
with the use of various mulches, cover crops and fertilizer 
treatments and at the same time to maintain the other needs 
of the trees. The first purpose was to find out to what 
extent cover croos and fertilizers would increase tree 
vigor and crop production* The second purpose was to 
determine if these treatments were financially sound or 
advi sable,



REVIEW OF LITERATURE

With the development of the fruit growing industry 
in the United States and in other countries, many older 
orchards of this early period began to decline in vigor 
and production* Thus many farmers and investigators were 
interested in rejuvenation programs* Ballou (3, 5)
described the poor conditions of orchards in Ohio in the 
early 1900* s, and reported on the benefits that he obtained 
from using correct sprays and various combinations of 
fertili zers,

In reality, renovation and good orchard management 
practices do not differ greatly. According to Gould (16) 
these practices simply represent differences in the objects 
to be obtained and the manner in which the details are 
carried out; renovation is a more strenuous and more concen­
trated procedure, but it involves the same orchard manage­
ment operations such as tillage or some substitute, ferti­
lizing, pruning and insect and disease control.

Many ’’popular” or n semi -popular” articles and bulletins 
(1, 6, 7, 8, 10, 11, 12, 13, 11+, 15, 18, 19, 20, 21, 22, 23, 
2I|., 25) have been written on the subject of apple orchard 
rejuvenation. Some of these publications reported grower 
observations and gave detailed programs to improve the 
condition of the trees, others reported experimental projects,



but none of the articles gave adequate evidence to substan­
tiate the recommendations. The majority of the authors 
agreed, however, that the trees did not respond to treatment 
if they were very old or If their vitality had been reduced 
by neglect, pests or diseases. They also believed that no 
program was financially advisable unless the trees were 
located in a good situation as to air drainage, soil and 
climate and unless the variety was marketable*



EXPERIMENTAL PROCEDURE

Plot Layout and Application of Materials

The orchard selected for the current study was located 
on the Cumberland-Adams county line, just north of Idaville 
in south central Penns;;-!vanla. The orchard was planted in 
1908, and had not been cultivated for a number of years 
prior to 191+6, the date when this experiment was started. 
The condition of the trees was very poor, although typical 
of many in the area. Numerous limbs were dead and needed 
cutting out. Terminal growth was in many cases negligible. 
Foliage was light and the leaves were small and poor In 
color. The trees shown in Figure 1 are characteristic of 
this condition.

The orchard site was excellent for air drainage. It 
wa3 situated at an elevation of 1100 feet and overlooked 
most of the surrounding country. There was a gradual slope 
in the land from north to south and east to west.

The soil in this orchard was typical of thst found in
1this section of the Blue Ridge Mountains, It was an ashe 

silt loam derived from metamorphosed volcanic rock. The 
residual soil was from the metabasalt or greenstone and

1. Soil description made by R. C. Long, Soil Conserva­
tion Service, Gettysburg, Pa.



Typical tree vr'aen expo ri merit was started.





epidote rock. This geological stratum of basic rook had been 
broken into small fragments which formed a moderately deep 
soil of good structure. The texture, that of a medium silt 
loam, was such that it eroded at only a moderate level.
The available moisture holding capacity was high. It was 
well drained. The permeability of the subsoil and the sub­
stratum, or parent material, was moderate. The soil was 
slightly acid, pH between 5 and 6, and the inherent fertility 
was medium to low. Such a soil was considered to be par­
ticularly adapted to the culture of fruit trees.

Since there was a gradual slope in the orchard, the soil 
was not uniform. The more fertile soil was in the north, 
higher area, and the less fertile soil In the southwest, 
lower corner, where some erosion had occurred. The con­
dition of the trees wa3 related to the soil differences to 
a considerable extent which was taken into consideration 
when the plots were layed out.

Originally the orchard, which covered about 13 acres, 
contained 570 York Imperial apple trees. They were set 
31 x 31 feet apart In 21 rows, the majority of the rows con­
taining 28 trees. At the time this study was started, 
there were some trees missing and a few others had to be 
removed during the course of the study.

The plots for this experiment were laid out according
to the diagram in Figure 2. Each plot contained from 9 to
12 trees, with the exception of one, which contained only 8*
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All plots were entirely surrounded by buffer trees. Pea 
vines and straw were used as mulching materials, while 
Ladino clover (Trlfolium repens, L.) and bluegrass (Poa 
pratensis, L,) were used as cover crops, V/ithln each of 
these treatments, there were three levels of fertility.
Each sub-treatment was replicated once, making a total of 
2i_|_ plots, which contained altogether 2I4.? trees. There 
were from 19 to 2l± trees for each of the treatments, plots 
II4. and 15 were used for other purposes and were not included 
in this study.

The plot layout was based, as far as possible, on the 
size of the trees at the beginning of the experiments.
Trunk circumference measurements were taken early in 191+6, 
before any growth occurred. The average values for each 
plot, together with the probable error are shown in Table I, 
The data indicate that the smallest trees were located in 
the southwest corner, area 1, plots 1, Jf, 7 and 10. Trees 
in the north half of the orchard were relatively uniform in 
size. On the basis of these measurements the orchard was 
divided from east to west, using the south portion as 
replicate 1 and the north as replicate 2,

This plan permitted replicating the treatments in such 
a way as to counteract soil variations as much as possible. 
Each half of the orchard was divided into three areas, one 
for each fertilizer treatment. Plot 13 was used instead of 
plot 1$ to complete area 6 so as to keep plots II4. and 15 for



TALLE I

MEAN TRHNK CIRCUMFERENCE EOR PLOTS, AREAS 
AND FERTILITY TREATMENTS

Number average ^rcuablePlot of trees c i reumfsrence error
( cm. )

1 12 89*6 8-17
li 11 99.7 2.17
7 11 86.6 3.03

10 8 101 .9 1.77
Area 1 42 92.8 1*46

2 12 111,6 2.68
5 11 106 .1 2.18
8 10 9°. 6 2.25

11 10 106.0 2 .04
Are a 2 43 10A.9 1 0 20

3 10 11^.6 1.546 10 111.9 2.43
9 o 116.1 -.4312 9 100.2 ::.49

Area 3 38 118.0 1.11
16 10 97.1 2.33
19 9 101.9 1 .92
22 10 103 .6 2.2425 11 100.1 0 9-3

Area 4 40 100,6 1.20

17 11 98.6 1.9920 12 9f’.2 2.62
23 11 loo. 5 1.4 526 11 100.6 1.62

Area 5 45 100,2 0.98

13 9 102*7 1.7218 10 109,0 1.3721 9 97.7 8 • 96
24 9 108 .1 1.68

Area 6 37 104.4 1.62

Fertility area
High 1 and 5 87 96 ♦ 6 0.90
Medium 3 and 106.6 0.94Low 2 and 6 80 105.2 O.87



other studies. Table 1 also shows the circumferenoe of 
the trees In each area. 'rea 1 had the smallest and area 3 
the largest values. The figures for the other areas were 
relatively constant. The high fertility treatments were 
placed in areas 1 and 5* the average trunk circumference 
being 96.6 cm., the medium fertility treatments were placed 
in areas 3 and 4-> the average trunk circumference of which 
was 106.6 cm,, and the low fertility treatments were placed 
in areas 2 and 6, having an average trunk circumference of 
105.2 cm. On this basis, the probable error was practically 
the same for each fertility level. Nevertheless, the high 
fertility treatments were on the poorest plots, giving an 
advantage to the lower fertility treatments. The mulch and 
cover crop treatments crossed the various fertilizer 
applications at right angles, Figure 2.

The pea vine and straw mulches were spread evenly over 
the entire tree square, except that they were kept about 
three feet away from the trunks. Pea vines were obtained 
from a vinery and were used at the rate of 10 tons per acre* 
Baled straw was used at the rate of five tons per acre.
These rates provided approximately the same amount of dry 
material per acre. These two mulching materials were 
applied in 194-6* 194-7 and 194-9. Pea vines were not 
obtainable in 194-8# 30 neither mulch was added in that year.

The Ladino clover plots were given preliminary treatments 
prior to planting, in order to insure satisfactory growth of



this cover* In 194-6* these clots received manure at the 
rate of five tons per acre and were subsequently seeded to 
sweet clover* In 194-7* the sweet clover was disked aown 
and the plots seeded to Ladino clover at the rate of 1.5 
pounds per acre. Oats, at the rate of 32 pounds per acre, 
were seeded along with the Ladino to act as a nurse crop.

The entire orchard was in bluegrass when the experiment 
was started. Therefore, this cover was already established.

The fertilizer treatments, which crossed over the mulch 
and cover crop treatments, contained nitrogen on a low, 
medium and high level. The grower made an overall appli­
cation of five pounds of Cyanamid per tree in the late fall 
of 194-5* The low fertility plots had no other fertilizer 
the first year. In addition to the Cyanamid, the medium 
and high fertility plots received 18.75 and 37*5 pounds, 
respectively, of a special fertilizer mixture, applied in 
the spring of 194-6. In 194-7 and subsequent years, Cyanamid 
was replaced by an overall application of five pounds of 
nitrate of soda and the special fertilizer was Increased to 
25 and 50 pounds per tree for the medium and high fertility 
plots, respectlvely. Lime at the rate of 1.5 tons per acre 
was applied to the entire orchard in March 194-6*

The special fertilizer mixture is shown in Table II.
Ic was formulated to give approximately a 10-10-10 ferti­
lizer for the high fertility plots, considering the addi­
tional nitrogen fertilizer applied by the grower-. It was
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1 4

also designed to give a continuous supply of nitrogen 
throughout the growing season by the use of different 
forms of nitrogen. Tne first year, it contained four 
kinds of nitrogen: sodium nitrate, which readily releases 
its nitrogen; ammonium sulfate, which releases its nitrogen
at a somewhat slower rate ; Uramon; and ammoniated super
phosphate, which release their nitrogen at an even slower 
rate. In the second and subsequent years, the ammoniated 
super phosphate was discontinued and regular 20 percent 
super phosphate used, the amount cf the ether nitrogenous 
chemicals being changed so that the formula would contain 
approximately the same total percentage of nitrogen. Borax 
was added the first year, but was discontinued In the 
following years. In the first year, the high fertility 
plots received iq.CO pounds each of nitrogen and anc^
3.90 pounds of and In the later years they received
5.13 pounds of each ingredient. The medium fertility plots 
received. 2.1q9, 2.00 and 1,95 pounds of nitrogen, Po0c and 
K o0, respectively, the first year, and 2.96, 2.56 and 2.56 
pounds of the same Ingredients in the following years. The
low fertility plots received only nitrogen at the rate of
0.98 pounds the first year and 0.80 pounds the subsequent 
ye ars•

Methods of Obtaining Data 

The effects of the various fertilizer applications,



mulches and cover crop treatments were recorded by measuring 
the yield of the cover crops and the performance of the 
trees* Tree performance was measured in terms of linear 
shoot growth, trunk circumference, yield and leaf response* 
The latter included leaf weight, nitrogen and chlorophyll 
determinations. As far as possible all data were subjected 
to statistical analyses.

The growth of bluegrass and Ladino clover crops was 
determined twice in each of the years 191+7, 191^8 and 191+9•
In the first two years, a one-yard square was marked off by 
means of a three sided "fork” , All grass inside this square 
was cut off at ground level with a sickle and weighed in 
pounds. In 191+9, the procedure was modified. A 31-foot 
strip on© yard wide was cut with a sickle bar attached to 
a Gravely garden tractor. The cut cover was weighed and 
the results adjusted so as to be comparable to those in 
previous years. The results were expressed as fresh weight 
in tons per acre.

Shoot growth measurements were taken in the late summer 
after all terminal growth had been completed. In 191+6, 
it was possible to measure this growth for the two preceding 
years* Thus the treatment responses could be compared to 
the previous performance of the trees. Shoots were selected 
on the basis of their position on the tree, which was 
divided into four quarters according to the four points of 
the compass. Within each quarter, terminals were used that



were growing at an angle of 45° from the horizontal and 
which had made three years of non-branching growth. Thi3 
procedure eliminated suckers and side shoots and has oeen 
shown by Wilcox (27) to be the most reliable procedure for 
measuring this type of growth. Twenty-five measurements 
were taken on each tree, distributed as evenly as possible 
in the four quarters of the tree* The average of these 
measurements represented the vigor of the tree and gave the 
annual shoot growth.

Trunk circumference measurements were taken at the end 
of the growing season after the leaves had fallen and the 
trees had completed trunk growth for the year. They were 
made at a mark one foot above ground level by means of a 
steel tape. Trunk area was calculated from trunk circum­
ference measurements. A comparison of the actual growth 
increases per year did not give valid results because of 
initial variation in tree size. In order to compensate for 
this original difference in size, the annual increase each 
year was expressed as the percentage of the 1945 value.

During 1 9 4 %  an intensive study was made on the leaves 
during the entire growing season. Total leaf weight, 
chlorophyll and nitrogen measurements were made four times 
during the season, on June 7, August 1, September l£ and 
October 13»

The samples for chemical analyses were collected from 
two representative trees in each plot. Seventy-five leaves



per tree were selected from the mid-section of the current 
season1s terminal growth. They were collected in the 
morning, placed out of the light in brown paper bags and 
brought into the laboratory.

Leaf weight measurements were determined on a dry 
weight basis. The 50 leaves used for chlorophyll determin­
ation, plus an additional 25 leaves were dried in paper 
bags in a constant temperature oven at 65° C* The samples 
were cooled in a dessicator, and weighed, as rapidly as 
possible, on a Tripp balance. Speed was necessary in order 
to eliminate water absorption by the leaves. The dry weight 
of the 200 disks, taken for chlorophyll samples was 0 o433 mg* 
This correction was added to the total weight before deter­
mining the average leaf weight. The values were expressed 
as mg. per leaf.

Chlorophyll was determined according to the method 
described by Compton and Boynton (9). Two disks, \ inch in 
diameter, were taken from one side of 50 leaves and trans­
ferred to an amber glass bottle containing 30 ml. of 95 
percent ethyl alcohol. A duplicate sample was taken from 
the other side of the same 50 leaves. The following morning 
the amount of chlorophyll was determined in a Klett-Summerson 
photoelectric colorimeter, using a red filter having an 
approximate spectral range of 640 - 700 millimicrons. Any 
color in the original alcohol was compensated by placing 
alcohol In the solution cell and adjusting the colorimeter



to the zero position before each reading of the unknown.
The colorimeter wa3 calibrated with a standard solution 
containing a known amount of chlorophyll * This solution 
was obtained by determining the total chlorophyll content 
In a Coleman Universal Spectrophotometer, using the A.O.A.C. 
method (2).^ The values were expressed as milligrams of 
total chlorophyll per 100 square centimeters of leaf area.

Total nitrogen was determined on the dried leaves.
The samples were ground in a Wiley cutting mill using a 
l|0-mesh sieve and stored in amber glass bottles. Nitrogen 
was determined by the official Kjeldahl-Gunning method (2) 
and the values were expressed as percentage of nitrogen In 
the dry leaf weight and as milligrams of nitrogen per leaf.

Yield records were taken each year, and were expressed 
as total oushels per tree, which included the drops as well 
as the picked fruit. The dropped fruit was picked up and 
measured after the picked fruit had been removed from the 
orchard.

1. The standard solution was analyzed in the Plant 
Nutrition Laboratory at the Pennsylvania State College, by 
Joseph Wetzler.



RESULTS

Cover Crop Weights

The weights of the Ladino and bluegrass cover crops 
expressed as fresh weight in tons per acre are shown in 
Table I I I .

There was a definite relationship between the amount 
of fertilizer applied and the weight of the cover crop 
produced in both covers and in all three years. It will 
be noted that there was a much larger difference between 
the low and the medium fertility plot values than between 
those for the medium and high fertility plots, Figure 3*
This may be explained by the fact that the low fertility 
plots received no ohosohorus and potassium in their ferti­
lizer treatments. Since cover crops need these nutrients 
for the best utilization of available nitrogen, the covers 
in the low fertility plots were hindered In their develop­
ment. The addition of phosphorus and potassium with adequate 
amounts of nitrogen in the medium fertility plots, greatly 
stimulated the growth of both the Ladino and the bluegrass 
plots. Doubling the amount of fertilizer application as 
in the high fertility plots had only a slight effect in 
increasing the production of the cover crops. The Ladino 
produced considerably more vegetation as measured by weight



TABLE I I I

WEIGHT OP COVER OROD C L IP P I N G S  AS RELATED F E R T I L I Z E R  
A P P L I C A T I O N S  EXPRESSED AS FRESH ^ E I G H T  I N  TONS PER ACRE

Cover
crop

Fertili ty 
le vel

1 947 191+3 1949 T 01 al Average

Ladino II i gh ie.79 23 .07 11.43 59.32 19.77
Medium 18.19 23.73 11.20 53.17 17.72
Low 18.97 10.39 3*29 25.75 80 92

Bluegrass High 14,78 12.32 9.42 36.02 12.00
Medium 11.52 11.92 3.33 31.77 10.79
Low 5.03 9.37 2.99 17.39 5.79
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of clippings than the bluegrass under similar conditions. 
However, this may have been due to tne fact that the high 
fertility had stimulated tho growth of grasses more than 
the medium level of fertility. This additional growth of 
grasses, in a large measure, accounted for the greater pro 
duction of clippings from the Ladino plots receiving the 
high level of fertilizers.

These data bring out the fact that an early effect of
the fertilizer application may be noted in the cover crop
response, which will eventually improve the condition of 
the soil. In turn, this should provide better growing 
conditions for the trees.

Tree Growth

Shoot Growth
Table IV shows shoot growth linear measurements from 

1 9J|J| to 191+9, expressed as average values per tree, and 
tabulated according to fertilizer, mulch and cover crop 
applications each year. It also gives the average values 
for the various treatments and the least significant 
differences•

The average shoot growth data for all trees show that
before the study started, the trees were rapidly declining
in vigor and that the experimental treatments checked the 
decline, finally producing an increase in the fourth year* 
The average growth for all treatments in 1944 was 7*3? cm.



TABLE 17

ALT! UAL LI ILL AH SHOOT GAD ATE IT RKLAT ION TO BERTILITY LEVELS AIL) 
GROUND COVERS, EXPRESSED AS CELTTVETTAG PEE TREE

F e r t i l i t y
l e v e l

Ground cover 17.V, 1986

1 1
u> 4-

-

198? )9 8 p 198? Averag'

High Pec. v in e  
Straw 
Ladino 
B lueg rass

7.12 
7. 2 1
, * ..->2 
7.96

6.21
6,oo 
6.76 
7.86

3- UJ 
3 .62 
3.87
6.03

3.87 8. 70 
3.22 
9.00

3 .29
? d >6
3.26
3-88

,6.20
6.99
8.77
6.78

3 < 78 
3.72
3.78
6.91

Average 7.87 o . l3 3.92 3-80 3.28 6.05 8. oo

Medium. Pea v in e  
S traw 
Ladino 
B luegrass

5 .32 
e.31 
0.68 
I . 10

6.63
6.136.00
0. 1?

?. 77 
3.87 
3.28 
8.18

2.29 
3.71  
2.92 
3 - 68

2.23
2.26
o or  ̂. or
2.61

2.88
3.27
2.95
3.70

?. 68 
3.17 
2.91 
3.51

Average 6,60 6.18 3*82 3.12 2.81 3*20 3 .08

Low Pea v in e  
Straw 
Lad ino  
B luegrass

^ gp
8. 0 7  

7 .6h 
0.68

6.33 
6.0? 
6.37 
6.21

8.76
3.88
8.08
8.72

8.18
"> 01 4 * 2/4
3.09
2.82

2.76 
2.09 
2.72 
1,66

3.32  
2. 32 
2.36 
1.63

3,^5  
?  J X 1  

3 • 06 
2.31

Average 7.63 6.26 8-11 3.23 2.30 ? -83 3*02

T o ta l Pea v in e
Straw
Ladino
B luegrass

6. 8U
7 . 90
7.736.21

6.36
6.76
6.72
6.72

3.66
3.61
7.78
8.32

3.36
3.66
3.08
3.62

2.8 0 
2.36 
2.86 
2. .s7

3.78 
0 *o0 
3*39 
3-69

3.39 
3.28 
j * 2d
3.57

A l l A verage 7 .36 6.87 3.83 3.80 2.67 3.60 3.37

■' f ; ;~j t  L E. i  t y ■Ban -v '■ i  i '



and by 191+8 had declined to 2 .67 cm* The greatest re­
duction in shoot growth occurred before the experimental 
treatments had had time to influence the results, the 
values being 5*87 in 191+5 and 3*83 in 198-8* Analysis 
of variance on the data from 191+6 to 191+9 showed that there 
was no significant difference between the 191+6 and 191+7 
values, but that the reduction in 191+8 and the increase In 
191+9 were both significant at the one percent level* The 
average figures, however, show only the general trends and 
mask the effects of the various fertilizers, mulch and 
cover crop treatments*

Shoot growth response after 191+6, varied In relation 
to the amount of fertilizer applied. The average values 
for the 191+6-191+9 period were 1+.00, 3*01+ and 3*02 cm. for 
the high, medium and low fertility levels, respectively*
The value for the high fertility was significantly greater 
than those on the medium and low fertility levels even at 
the one percent level. There was, however, no significant 
difference between the figures for the medium and low levels 

Mulch and cover crop treatments produced some slight 
differences in shoot growth, but they were less pronounced 
than those caused by the fertilizer applications. The 
average values for the four cover treatments were practi­
cally the same, 3.39, 3.28, 3.26 and 3.57 for the pea vine 
and straw mulch and for the Ladino and bluegrass cover 
crops, respectively. These differences were not significant



In order to minimise original differences in tree 
size, shoot growth was expressed In percentage of the 1988 
values, see Table V and Figure 8* Although the percentages 
showed the same trends as the figures for actual growth, 
they made several facts more evident. In the first place, 
they showed clearly that the trees in the three fertility 
plots were losing vigor at the same rate when the study 
started* The 191+6 shoot growth measurements were quite 
similar, representing 1+9*8, 5l ♦ 9 and 58-*7 percent of the 
191+1+ values for the high, medium and low fertility, respect­
ively (Figure l+A ) •

In the second place, the percentage figures showed more 
clearly the effect of the three fertility levels. By 1987* 
the high fertility treatment had checked the percentage 
reduction in shoot growth, the medium fertility had reduced 
it to some extent, but the low fertility had not altered 
the downward trend. Although shoot growth was smaller on 
all trees in 1988, the percentage values showed the definite 
relationship between the three fertility levels. Finally 
in 1989* shoot growth in the high fertility plots represented
68.1 percent of the 1985- values, those on the medium fertility 
plots represented 88*6 percent, while those in the low 
fertility plots represented only 32.3 percent of the 1988 
shcot growtl *

Although there were no significant differences between 
the centimeters of actual growth for the ground cover treatments



: / " ] ;  V

A M :  U A L  L IN E A U  SI^CX>T G /.C . / ; ';  J :  d  ••JT/.TIGG T O  . ’’ T ’T I  M T V  l/A 'ii-L G
Ai.ii> ■ : ? { ( ) w j  cgveus, as PAHCidrrAGd U-* th e  1933 va lues

F e r t i l i t y
l e v e l

Ground cover 1 9 V 19U6 1/37 1736 1939 A-- 1 ‘ •

H igh Pea v ine  
S trn  v, 
Ladino 
B luegrass

n  ■-> o
i j  - f
C ... .  .
7 6. 'A 
7 f .?

3 7 • 9
t P 

d ♦
5i . o

3C.. 
31.5 
5 7 . 3
I' P y1-' * -

9 ' . ]7 -
j  • •
5 3 . 1 
36.5

'B
J  S •

56 . 2
64- /

Average 77.9 3?. 6 3 7 . ; 31.2 6) 1. 1 30 *°

Medium Pea v in e  
S tray.1 
Ladino 
B lue [^rasa:

03-7 
61,3 
7 o ♦ 'i‘
7 rJ a 1 . • -

37.1 
33.o 
3?. 3 
31.3

93.0 
56.7 
33.3 
33 .5

31.9 
3 5.7 
36.7 
32.?

5 3 -J 
5-i • ’
33.6
55.7

1. 7 -U 1 * r00 - 

36. "< 
33. 3

Average 76-5 51-9 37.? 35.5 3 P 6 36. !

Low Pea v in e  
Straw 
la d in o  
B luegrass

6<u3
71 -? 
Od»5 
95 .5

60.3 1 —U i
53 .J
g/ /

53.1
30.?
).'■ 0  ̂ ,
or 7® c

35.0 
25.3
35.0 
2o «7

)|2.1
26.7
31-3
25.6

97 . '
3 -> a - ■
3t . ■ 
36. 1

Average 1 3 . 0 '̂-4 * ,
' OU •' * s 30.6 32-3 3‘ . 1

T o ta l Pea v in e  
Straw 
L a d i n o  
Bluegraas

7 o * ?. 
73.6
"’O V 1 . .  V

61 - ?

53-5 
S o .  l

52 * a

33.2
32.3 
37- 5 
3/a- .1

3 0.9 
32.0
39.5
32.5

53.6
5c. 0
1 .
5 5 • w
35.?

U , : *
\ r

3 l: . 3
s i  ^

A l l Average 7 ? . ^ r' 7 /  9 UA « 1 •V. - '
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by 19l|9> the percentage increase indicated somewhat suoericr 
.growth in the elcts liavin^ the r>ea vine mulch,. Figure q_B 
shows that the shoot growth for all trees receiving oea vine 
mulch represented a slightly higher percentage of the 191^4. 
values, each year, than did the average values for the other 
covers* Figure L̂ C shows that this superior shoot growth of 
trees in the pea vine clots was particularly evident in the 
low fertility level, the values representing 1|2.1 percent 
of the 19iili figures. On this same level, the trees in the 
Ladino plots represented 31*3 percent while those for straw 
and bluegrass represented only 28*7 and 2l|.8 percent, 
respectively. Thus the effect of the materials supplying 
nitrogen was more evident on the low than on the other 
fertility levels.

Trunk Cross Section Area
The annual average trunk cross section area per tree 

for each treatment is shown in Table VT . Those data, while 
showing the actual values, do not consider the differences 
in tree size at the beginning of the experiment. For example, 
the trees in the high fertility plots had an average area 
of 755*'i sq . cm* at the beginning of the study, while those 
in the medium and low fertility plots had average areas of
917.1 and 891.7 sq . cm., respectively. Although the trees 
in the high fertility plots made good growth, they were still 
smaller than the others at the end of the study. Thus, it



T-OiLE VI
ANHUAL TV 11 Hli GKOSS SHOT 10 [,1 A Si cl Pi A. TALK, 0TBG TO

THE V'vlUOUS F1W TL1TY L -VAIS al .. .1 In 0671 GOV. -7,’ f'

F e r t i l i t y
Ground co ve r 191(5le v e l 1986 190 3 968 1969

(sc;. caw)

High Pea. v ine 726.8 766.7 78': . 8 817.2 8 3 A «
o i l '  aw ( <- i * , 761.8 i J * ■ u 809.8 826,?
Ladino 769«3 777 - 0 8 Or , V 866.6 861. 1
31 u e g r  a. s s 611. a 863.1 80:. . 3 917.3 936.8

Average 76'- .6 776. 1 coo. # 866.2 0o2. e

Medium Fee v ine 966,0 962.8 998 • ̂ 1126.9 1066.8
Straw 9 6 1 .A 986.3 102'J n I j o 7.? 108: . o
Ladino 8e:,.e 903.6 966 . ’ 9o6.7 92a .a
B luegrass 8? : . i 896.0 936 - '0 ^ n  , • 992.6

Average 917.3 930.? 970 1007.6 1026.3

Low Pea v in e 909-2 930.2 969 g 999.3 ICG L ,0
Straw 863.6 870.6 906 . 3 932.9 969.?
Ladino 92̂ .8 963.8 983 . 103 9-8 1036.1
B luegrass M i .  8 800.1 906 i 930.6 963.6

Aver cage 8 91 ♦ 7 0 7.'; p >■ •-  ̂ • *- 961 . 6 972, -1 9c , »6



was necessary to express the effect of she various experi­
mental treatments by some other measure. A/"ter testing 
several methods of expressing trunk size increase, it was 
found that the percentage increase in trunk area each year 
reduced the effect of the original trunk area and showed 
the most consistent relationships to the treatments.

Table VII gives the average percentage Increase per 
tree in the trunk cross section area tabulated according to 
mulch, cover crop and fertilizer applications. It also 
gives the least significant differences between the values.

Although there were considerable differences in annual 
growth during the four years, the growth was related to the 
amount of fertilizer used. Even In the first growing season, 
the trees in the low fertility plots showed inferior growth 
and those in the high fertility plot3 grew at the most rapid 
rate. The average percentage increases over the four year 
period were 3»5>5 for the high, 2,98 for the medium and 2,68 
for the low fertility plots. Statistical evaluation showed 
that there was a significant difference at the one percent 
level between the percentage Increases for the high and 
medium fertility levels, but only at the five percent level 
between the medium and low fertility treatments.

The average percentage Increase in trunk area for all 
trees showed that there was an annual variation in growth. 
During the first three years, when there was very little 
fruit production, the percentage increase was larger each
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TABLE V I I

TRUNK CROSS SECTION area EXPRESSED AS AVERAGE PEY 
INCREASE PER TREE, ACCORDING TC THE VARIOUS 

FERTILITY LEVELS AND GROUND CC-/ER3

Fertility
level

Ground cover 1396 1947 ■> ' I . Cl± 74‘-j 191+5 Average

High Pea vine 
3 braw 
L adino 
Bluegras s

2.60 
2 c 26 
i. • ̂ 4° C'Ji<- • 74

9.97 
k . c4  
3. ‘39 
5 -49

U . 370 .52 
r'.01 
3.55

- / /« O O; r*•-•J? 2 .13
2.67

3.77 
3* 92 
3.90
3.61+

Average 2.63 u n 3.71+ 2 . 99 3 066

Medium Pea vine 
S traw 
L adino 
Bluegras 3

1.77I ,90 
2,10 
o .67

3.32
A.io 
3.35 
3 • 9 5

3.31I 9°1-1 * 4 / 
3*72
9. 63

2 .03 
1. ̂ 6 2.032.30

2 , 91
3.7)02,47
2*39

Average 2,03 3-75 9.02 2.06 2 . -3

Loitf Pea vine 
Straw 
Ladino 
Bluegras s

2*31 
1.79 
1.96 1.31

3.83 
3.'+5 3 .030 >"< o1 m J

3.713.099*09
2 . 99

1.731.39
1 . 63 
1.46

2,71-> e , £- * -4
2.930 97

Average 1.96 3.61 3.60 1*66 0 AC

Total Pea vine 
Straw 
Ladino 
Bluegrass

2.23 
1.97 
<_ • 13 
2 * 9*9

9 o 06
4 • D 3 
3.67 
3.72

3.96
9 * 0 9 
9 .23 3.01

2,14 
2,03 
1 .Q3 2.11

d.io
3.03 
3-d?
3.03

All A verage 2.21 3.93 9.09 2o09 3. 07

L.S. d .
it

Per
00
tili ty 
.306 
.9-03

Ye
0.
•

ar s
3639o0

Cove rs
0,363 0. 400



year, but in the fourth year the percentage growth decreased. 
The difference between the values for the first and second 
years was significantly higher at the one percent level and 
the decrease between the third and fourth years was signifi­
cantly lower at the same level- The cumulative data in 
Figure 5>A show how the differences between the three fertility 
levels increased as the fertilizer effect built up, the 
range between the high, medium and low becoming greater 
each year.

The mulch and cover crop treatments had little effect 
on the percentage of trunk area increase except in the low 
fertility plots, Figure 5>B • Here, as also noted for shoot 
growth measurements, the two covers suoplying nitrogen,
Lsdino and pea vines, produced percentage increases of 2.93 
and 2.91, respectively. These values were higher than tho 
2.69 percent for the straw and the 2.27 percent for the 
bluegrass. Thus the data indicate that the two legume and 
the two non-legume materials were associated rather than 
the two mulch and the two cover crops. The average values 
for each of the ground cover treatments mask the variations 
and thus they were not significantly different*

Leaf Growth and Composition

Loaf Height, Chlorophyll and Nitrogen Data in 1997
The data for leaf weight, chlorophyll and nitrogen are 

presented in Table VTII and Figure 6. The table gives the
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TA/ 'LE V I I I

L E A F  ’•’EIGHT, CJ!LCROnHYLL AMi) MITROGETJ VALLES FOR lvl+7 
ACOORoIFO TO FLRTILTTV LEVELS ATI0 G Re UTIL COVERS

Fertility
1-3 vel

Ground cover B e i rh t 
per leaf 

('ng. )
Cdloro od/ll 

( rng/100 sq . cr . )
Tc t ol 
ritrog. 
( perĉ i

High Pea vino 
3 traw
Ladiiic 
Bluegras s

125.0
153.7
lpl.d
127,2

1 ,36 
1.63 
1.32 
1.10

1.5k;
j- . ■ > a 
1 • ol 
1 . 52

Average 139.3 1 • j» 0 1 « ’ y'j

Medium Pea vine 
Straw 
Ladino 
Bluegras s
Average

125.9 
135.3
129.9 
li+P.O
133-4

1.131.120.96 
:. 99
1 .06

1 * 43
i .6 4
1 .n9̂ t• F 1
1F:4

Low Pea vino 113.9 1.07 I • +7
31 raw 113.3 9.95 1.33
Ladino 139.5 0.37 1 • q-1
Bluegras s 0 r n c. ro 1.29
A yerage 115 ,9 0 0 0  ̂ <- 1. -F-
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figures tabulated according to mulch, cover crop and fer­
tilizer treatments and the figure shows the average values 
for each ground cover treatment on the three fertility 
levels•

Even as early as 19i|7, the various treatments influenced 
the values for leaf weight* The average figure for each 
fertility level varied directly with the amount of ferti­
lizer applied, the values being 139*3# 133«0f and Ilf..9 mg. 
per leaf for the high, medium and low fertility plots, 
respectively. These figures indicate that there was little 
difference between the trees in the medium and high fertility 
plots, but that the trees in the low fertility plots were 
in much poorer condition. There was a considerable vari­
ation in leaf weight between tho various mulch and cover 
crops which was not altogether consistent with the different 
fertility levels. Straw and Ladino in the high, bluegrass 
in the medium and Ladino in the low fertility plots seemed 
to produce somewhat larger leaves than did the other treat­
ments •

Average chlorophyll values also varied in relation to 
fertilizer applications, being 1 .30, 1.06 and 0.92 mg. per 
100 sq. cm, from the high, medium and low fertility plots, 
respectively* The data for the mulch and cover crop treat­
ments showed some slight differences, but the values for 
each treatment were proportional to the fertilizer appli­
cations. The leaves from the pea vine and straw plots had



slightly higher chlorophyll figures than those from the 
bluegrass and Ladino plots.

At each fertility level, the average values for nitrogen 
were again proportional to the amount of fertilizer applied. 
The figures, expressed in percentage of dry weight, were 1.58 
for the high, 1«pJq for the medium and 1 J4I for the low. The 
drop in the low level, as shown in Figure 6 , was almost 
entirely due to the low straw and bluegrass values. The 
percent nitrogen in leaves from the Ladino and pea vine 
plots remained practically the same on the medium and low 
fertility levels, which indicated that these two materials 
must have supplied some additional nitrogen to the soil.

These three determinations on leaves all indicated that 
the different amounts of fertilizer applied had started to 
take effect, although the variations were small. At this 
time, the mulch and cover crop3 had had little influence 
upon the results.

Since the values for leaf weight, chlorophyll and 
nitrogen all fluctuated in relation to fertilizer appli­
cations and since chlorophyll contains nitrogen in its 
molecule, correlations were made between these three sets 
of data. There was no relationship between the figures for 
chlorophyll and either leaf weight or total nitrogen, the 
coefficient of correlations being + 0.17 and + 0.3d-# respect­
ively. There was, however, some relationship between the 
weight of the leaves and the total nitrogen content, since



the correlation was f 0,71, From this it could oe assumed 
that the total amount of nitrogen in the larger leaves was 
greater than the percentage figures indicated.

Leaf height, Chlorophyll and Nitrogen data in I.9I4.9
Two years later, in 19ll9, the study of leaf weight, 

chlorophyll and nitrogen content of the leaves was made on 
a more extensive scale. Samples were taken four times 
during the growing season, on June 7, August 1, September 15 
and October 15* These data not only show the effect of the 
various mulches, cover crops and fertilizer applications, 
but also show the leaf weight, chlorophyll and nitrogen 
fluctuations during the growing season. At this time the 
trees had received.the treatments for four years, so the 
original valuations in tree size were less obvious and the 
relationships between these measurements were mors accurately 
portrayed than in 191+7 • There was also sufficient data to 
permit analyses of variance, which further substantiated the 
results obtained.

Leaf weight. The dry weight of the leaves, calculated 
as milligrams per leaf, are recorded in Table XX, The data 
are tabulated according to the cover crop, mulch and ferti­
lizer applications.

Leaf weight and thus the original size of the leaf 
showed a definite relation to fertilizer application.. Con­
sidering all data together, the values were 21+1*7, 221.6
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F e r t i l i t y
1 ' ' V • : 1

High

Medium

Low

T o ta l

A l l

TAILS IX
Lot: :i I  IT 3 IF  

9'iOTiML
.FLT

ABO

   ___ ^ ^  da.-
I ::v- 7 Aug. I Say: , 2 
(• • '. ) (•• . ; ('■'.) (r-

(a-.)

Pea -fine  
l i t  raw 
L a d in o  
i l lu e  g ra s s

22 / . :  
2 2? . ? 
2 2 7 .7 
213.3

O ' I i t_ 1. * ' i
O 0 ̂J' i * ^
27; .0
p n ' ->

2 37 ,o  
239. 
263, 3 
261.2

/"‘.'if -■>C-j ± . ‘

21, .0 
22 .

O ”• «-'4i *•
2 -3 .
<L * 
261.

Ave rage 22,3.9 239 .0 262. ? 299,6 231 *

Pea v ine
S traw
Ladino
B luegrass

2u p.3 
21,1,6 
193.3
1 9 3 .7

256.7 
2 36 • 6 
212.2 
261.?

259.3 
23333 
213*7 
233 * 7

227 . 9 
217.0 
.1 P7I . 2 
191.5

2,36. ? 
230, 7200, I
217. 5

A^era ge 202T? 232.2 237 < 203.3 221-n

Pea vine 221 ,3 253 -7 261.5 199*5 23,o )

Straw 175.5 193 .2 13 .5 4.6 3 . ) l-o  . 'j
Ladino 196.0 223*0 203 . 6 167.3 20 I . 3
B luegrass 153*7 216.2 183.2 170.5 160.9

A verage 185.3 220.0 207.3 136.3 200.3

Pea v ino 219-9 257.3 26g . I 219.3 239.9
Straw 2u* *, ■ + 236.3 227.3 203*9 213 > y
Ladino 203* I 233.3 226,3 193.9 2 i j . 2
B luegrass 169. i 23 7.2 22-L3 199,9 213- 1

Average 203.3 231*1 236.2 203*5 221.3

l.s.d, 3; 
1%

F e r t i l i t y
P-7o

11.79

La te  Govrer
13.11 10 ,.11
13*39 13*39



and 200*3- we* oez"* leaf for the high, medium and low fer­
tility levels, respectively, A statistical analysis of 
variance showed that these averages were significantly 
different even at the one percent level*

The general averages, however, did not show the 
differences in the development of the leaves during the 
growing season. The average values for each collection 
period .bowed that the leaves maintained their maximum 
weight longer in the higher fertility level* On July 7, 
when the first samples were taken, the weight of the leaves 
was definitely related to the fertilizer application, those 
from the high fertility plots being the heavier, Figure 7 A * 
On all three fertility levels, the leaves p;rew until the 
first of August at approximately the same rate, keeping a 
proportional difference in total weight. At the time of 
the third sampling in September, the leaves in the high 
fertility plots had increased and those in the medium and 
low plots had decreased in weight, the reduction oeing 
lowest in the low fertility plots, 3y iotober ly, all 
leaves had lost weight and had reached the approximate 
weight of the Immature leaves collected in June, These 
differences in leaf weight Indicate that with higher levels 
of fertility, the leaf maintains its ability to produce 
plant nutrients longer and thus best iulfills its function 
in the growth of the tree* The average increase in weight 
from June to August and the decrea.se from September to
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October were significant at the one percent level, at all 
levels of fertility. There was no significant difference 
between the August and September values in the high and 
medium fertility levels, but tho difference between these 
collection date3 in the low fertility level was significant 
at the five percent level.

During the entire growing season, average values showed 
that the pea vine mulch produced heavier leaves than did any 
of the other covers, Figure 7F. In addition the leaves from 
the pea vine plots increased in weight at the third sampling 
period on September 15, while the values for all cf the 
others decreased* This superiority of the pea vines was 
substantiated by the analysis of variance, 'which showed 
that there was no difference between the values for Ladino, 
straw or bluegrass, but that the figures for pea vine were 
significantly higher at the one percent level, than those 
for any of the other c o v e r s ,

The effect of pea vine mulch on leaf weight became 
more pronounced as the fertility level decreased, Figure ?C# 
In the high fertility plots the pea vine had little effect 
on the size of the leaves which wore slightly higher only 
in the last two sampling periods, The effect was more 
pronounced in the medium fertility plots, but, In the low 
fertility plots, the values were highest during the entire 
growing season. It is probable that the pea vines supplied 
additional nitrogen which produced the most striking effect



when the fertility was low,

chlorophyll. Average chlorophyll values, expp6;s3sA. 
as mg, per 100 sg, cm,, shewed. V3.ri aticns similar to those 
for leaf weight. Tablo X gives the chlorophyll values tabu­
lated according to fertilizer, mulch ana cover crow treat­
ments and date of collection, together with the least 
significant differences*

The chlorophyll data varied according to fertilizer 
applications, the average values being 1,36 mg. for the 
high, 1.22 mg, for the medium and 0.97 mg. for the low 
fertility levels. The statistical analysis showed that 
these figures were significantly different at the one percent 
level .

On each collection date, as shewn in Figure 8a , the 
average values for each fertility level were high at the 
beginning of the season and decreased gradually until the 
leaves were almost ready to fall from the trees. The values 
on the high fertility level were almost the same in August 
and September but fell rapidly In October. Those on the 
medium fertility plots had a more gradual decline, but at 
all times were lower than those on the high fertility plots* 
The average chlorophyll content of the leaves in the low 
fertility plots was lower at their highest level in the early 
summer than were the values for the high fertility plots 
at their lowest level at the end of the growing season.
The decline was exceedingly fast so that by the end of the



TABLE X

-JBIOitOPHYLL VALUES 'D’ r i i : r i  : :Ig 195? SS-.SOt AS u EIATED TO
f  ERT I  LIT I  LEVELS All.) GRGU’A IGVkAS

F e r t i l i t y  Ground co ve r ___  .
le v e l  June 7 An-

D ate ____
i  Sept.

(nr./lOO

High

Medium

Low-

T o ta l

Pea vine
C +■ -y* - 'I 1 rjc*r o'.
Lad i  no 
131 i e g r ass

Average

Pea v in e  
Straw 
Ladino 
B lueg rass

Aver a re

Pea v in e  
Straw 
Lad i n  o 
Bu legrass

Average

Pea v in e  
Straw 
Lad 1 no 
S luegras e

1.. 59 l . /o 1 1  o-j • j  <* 1.10 J . 3/
1*35 i 3o 3 * 38 1. :,3 1 . 321. 56 i .35 1,39 1.16 : '7
l . 31 1 l '?a * d i 1.37 1.20 i ,  39

2.58 i  .-4o 1,39 1*1/ 1.36

1.30 1./2? 1.26 ~i n a •i , 1.23
i  -37 1 • 35 .1. ?0 J . Do 1 - 2d
1 *28 1.22 1 . IB v> < .-3 1. i 6
1 *3 / 1.29 1-33 1. ! 53 .1. ?5

1 .3 / 1.29 1.23 1.03 1_1
1 

,nj
1 

nj

1 - 75 1. ’,9 1.12 0.8? 1.11
1.12 1.10 0.93 0.77 2.77
1 . 10 1.02 0.87 0»o5 0.91
i . o5 0.97 0.33 0.73 0.90

1.13 1.07 0.93 0.76 0.97

1.50 1 - 29 I .93 1 , ' ix 1.23
1.38 1 * 28 1. L5 0.99 l .  18
1 .29 1.23 : .1 3 '.22 i . i 5
1,30 1.21 1.21 0,99 1.13

A l l Average

L r* t~i r(V« O * J . JP
V/o

1. 32 1,25

Fertility
0 .0 3 5
0.056

• 19

Date
O.OLl
c * o 55

u. 18

C o ve r
0.0/1
o.o55

1.13
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summer there was only 0*76 mg. of chlorophyll per ICO sq* 
cn. of leaf surface In the low fertility plots as compared 
to 1.15 mg. for the high. Because the leaves In the low 
fertility plots weighed less than those in the other plots, 
the actual amount of chlorophyll was undoubtedly lowest. 
Therefore, the leaves coulc. not produce as much food material 
for growth of the tree or for the production of fruit in 
the low fertility plots as did those in the high and medium 
fertility plots, Cn the same basis, the trees in the medium 
had less chlorophyll than those in the high fertility plots.

Chlorophyll values arranged according to mulches and 
cover crops, Figure 0B, showed that leaves on trees receiving 
pea vine mulch had the highest amount of chlorophyll during 
the entire growing season. On the other hand, trees growing 
in the Ladlno plots, except for the one collection period 
in August, had the lowest leaf chlorophyll values throughout 
the season. Chlorophyll values for straw and bluegrass were 
between these two extremes-*

The relationship between fertility levels and mulch and 
cover crop treatments as measured by leaf chlorophyll is 
illustrated in Figure 8 C . In the high fertility plots, the 
bluegrass plots produced significantly higher chlorophyll 
values than the straw plots, but there was no significant 
difference in the other mulch and cover treatments. At the 
medium fertility level, the Ladino plots had somewhat lower 
levels than those for the other three cover treatments,



which were practically the same. At the low fertility 
1evel, the chlorophyll values with pea vines were much 
higher than the other cover treatments. This effect of 
pea vines on chlorophyll values at the lower fertility 
level accentuated the value of this legume mulch which in 
itself supplied considerable nitrogen to the tree.

Nitrogen. Table XI presents the total nitrogen content 
of the leaves, In percentage of dry weight, at the four 
sampling periods in 19if9. The data are tabulated according 
to mulch, cover crop and fertilizer applications*

The nitrogen content of the leaves was again closely 
associated with fertilizer applications. The average 
figures were 1*95 for the high, 1*58 for the medium and
1.63 for the low fertility levels. The difference between 
these values was significant at the one percent level.

The percentage of nitrogen in the leaves was highest 
in June and fell continuously until October. The differences 
between the average values in June and August and between 
those in September and October were significant at the one 
percent level but the difference between the August and 
September values was barely significant at the five percent 
levelo Throughout the growing season, the average values 
for the high and medium fertility plots followed the same 
general trend, Figure 9A • They were high in the early 
summer, dropped rapidly to the August and September levels, 
which were practically the same, and again went down in the



TABLE XI

PERCENTAGE 01v TOTAL NITROGEN IN THE DRIED LEAVES DURING 1.96? WITH 
RESPECT TO F E t f f lL r ry  LEVELS AMJ GROUND COVERS

F e r t i l i t y
le v e l

Ground cove r Date
" * m l ... _l. — - -

June 7 An g . 1 S ep t. 15 O ct. Ig Average

High Pea v in e 2 .26 1.95 1.90 1.79 J ,77
S traw 2.07 1.67 1.88 l . tO 1.91
Ladino 2.22 1 ..22 1.89 1. 82 1..96
B luegrass 2.22 .1.89 .1.91 1,80 3-95

Average 2 .19 .1.91 1.89 1.82 1.95

Medium Pea v in e 2.12 1.86 1.86 1.72 2.88
S traw 2.10 1.89 1.88 1.76 1.91
Lad ino 2.00 1.79 1.78 1.70 1.82
B lueg rass 2. O k 1 .90 1.8? 1.78 ] . 90

Avera ge 2.07 .1.85 1.86 1.76 1J38

Low Pea v in e
S traw  
Lad ino  
S lueg rass

A ver a ge

T o ta l Pea v in e
S traw  
Lad: no 
B lueg ra ss

A l l  Average

L * o • 0 . /o
1%

1.92 1— -0 0

1.79 1.67
1.83 1.61
1.68 7-67

1 .51 1 .66

2 .10 1.83
1.99 1.6-1
2.02 1.77
1.98 1 , 79

2,02 1.80 1,76

F e r t i l i t y
0.036
0.067

1.62 1.56 1.70
1.59 1.69 1 . 6 6
.1.66 1.51 1,60
I . j2 I «4 0 1. 56

1.55 1.51 1 * 63

1.79 1.69 1-85
1.78 1.69' 2.82
1.71 1.68 1 . 79
1.77 1.68 1.80

1.08 1 .82

Date Cover
0 .06-1 U.Ga'l
0.05)4 0.0 56
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October* analyses. The values for the low fertility clots 
were considerably lower than those for the other clots and 
they dropped continuously at each sampling period.

The average values for each of the covers are shown in 
Figure 9B« The percentage of nitrogen in the leaves from 
the pea vine plots was higher than that for the Ladino at 
the one percent level, higher than that for the bluegrass 
at the five percent level, but not significantly higher than 
that for the straw,, The high values from the pea vine plots, 
Figure 9C, were more pronounced in the low than in the 
other fertility levels, the percentages in that level being 
highest at all times during the growing season.

In order to obtain a better understanding of the tree 
performance, the nitrogen data was also expressed as milli­
grams per leaf, Table XII * On this basis, the values gave 
a more accurate estimate of the total quantity of nitrogen 
available to the trees on the various dates and at the 
different fertility levels.

The results were similar to those for percentage of 
nitrogen In the leaf, but the differences were accentuated* 
The fall from the high to the medium to the low fertility 
was almost a straight line, the values being ^*70, li,12 and 
3.35 mg, of nitrogen per leaf. The average values for each 
collection date maintained the same relationships between 
the three fertility levels as did the percentage figures, 
but produced quite a different type of curve, Figure 10A.



TARLii XI [
MILLI SRAMS OF NIT.100EN PER LEA, 

TO FERTILITY LTV1
' DURIM 
FIS AID

1 THE 1939 SEASON IF RELATION 
CKO UNI) COVERS

- - , ,— m - — , , t _ r ■ ._, r___ _ _ _ _____ _

Fertility
level

Around cover --- ------
June 7 Aug. 1

Late
Sept. 15 Oct. 15

Averagt

Hi gh Pea vine 3-i6 
Straw 1,. a ;J 
Ladino 5-0? 
Bluegr'jss a. Be

3.07
i .  7 a
7.10 
3 . p2

5*07
3.75
3.o3
3.98

3.13
3.76
-j p r > -v ► -5 j
3 - U

3.06 
3.38 
3.76 
3.69

Average 3.93 A. 93 3 • 96 3.97 3.70

Medium Pea vine 3.33 
Straw 7.37 
Ladino 7*89 
Bluegras 5 '3 * '7

3.72 
7-37 
3.61 
3. 35

3.77 
3.32 
3.62 
3. 73

3.90 
3 .76-j ̂ no 
2.92

3.36 
3.38 
3. o5 
3.99

Average 3.19 3.39 3.38 3-32 3 .12

Low Pea vine 3*26 
Straw 3*15 
Ladino 3-37 
Blaegrass 2.33

3.33
3-27
3.57
3.38

3.26 
2 • 80
3 .01
2.01

3.11
2.02
2.oh 
2.38

3.99
9.03
o .22
2, 77

Average 3*33 3-63 3.23 2.82 3.25

Total Pea vine 3«o2 
Straw 3.09 
Ladino a - lh 
Bluegrass 3*75

7.71 
3.19 
3 .16  
3.?5

3.70
3.01
3.96
3.11

3.72
i 1.1■ i * v
3.2?
3.17

3.03
9 - 96 
3 .68 
9-92

All Average A*Li 3.35 3.19 3.30 3.03
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>3

The values In the high fertility level were practically 
the sane through the September 19 analyses but then drooped 
rapidly in October. In both the medium and low fertility 
plots, the values rose rapidly from June to August and then 
declined, those for the medium fertility slightly, but those 
for the low quite rapidly. This maintenance of the total 
nitrogen per leaf during the summer as compared to the con­
tinuous decline of the percentage nitrogen was explained by 
the fact that the leaf weight increased from June to August, 
stayed at about the same figure until September and then 
declined rapidly*

Since the leaves in the pea vine plots were much heavier 
than those from the other ground cover treatments, the super­
iority of the pea vine mulch was accentuated* All values 
with this .ground cover were highest both in relation to date 
of collection and to fertility level, Figures 10B and 100.
The average value for the pea vine plots was Ig.Mt as
compared to 3*96, 3,88 and 3.32 mg. for the straw, Ladino 
and bluegrass plots, respectively. The greatest difference 
occurred in the low fertility plots, Figure 10C. Although 
the difference was less striking, the weight of nitrogen 
per leaf In the Ladino plots in the low fertility level 
was greater than that for the straw or bluegrass plots,
A-gain, the legumes seemed to give additional nitrogen to 
the tree in the low fertility plots.



C . ■■rrelat 1 ■: no m t/Zew. 1 mm wei/. 1 hi, ;w, , ■ - ...\ u. L w. a
nitro;;on . The percent age o f fro on i n 1t \ u v - 2
close],7 associ ■■ i :;d M. tf the ohloro piyll v - _... . Toe v  ••-•. -

1 a t * on bo fcwe en t h e s e tw o sabs o p urn t a w a a 7 e ~ y t11 > a ■ f o r - :< c. •
collecti on ncriod, Table XIII, rang! ng from -1- ' *ny at the 
beginning of the season to * C. 92 at the one, : .'hen all of 
the data were considered together, the correlnt1 rw jas + r#9‘ 
Thi s ref a t ion ship was higher than that found in 19j_7 » which 
may bo explained by the fact that the study had continued 
for two additional years and ‘he differences in tree vigor 
had been somewhat stabilized.

There was soma corral be!on between leaf wo I h t ana 
nitrogen when the data were considered for e-’oh collection 
period, tho .dues vary in., from + C ..4.7 to +• 1.11. TL small 
leaves which contained a large amount of nitrogen at the 
beginning of the summer, however, reduced the correlations 
to 4- 0.31 when ail o ̂ she data ware considered together.

There was higher correlation between leaf weight and 
chlorophyll than between leaf weight and nitrogen. Trie 
values for each collection period ranged from + he 1 to 
+ 0.79, and when all the data were considered together the 
value was a 0.9°,

In the lt.,ht cd those correla t ions the chlorophyll 
content of the leaf, which can be a relatively siriule uete.r- 
iiiin°t ion, would appear to be a fairly accurate Iran. 0 at t on 
of the nltroren content of tho led, The use of chlorophyll



TABLE X I I I

CBEXTTXTIOX SF/F.-JEiiX Lild vrEIOHT, CIILOEO'XIYLL ~ ?I D
XI THO OE'T IN 1999

L Nitrogen and !TI t no gen and Chlorophyll and
chlorophyll leaf weight loaf weight

June 7 0,99 0.6J+ 0.99

August 1 0.99 0.97 O.yl

September if 0,92 0.66 0*79

October 1? 0.92 0,60 0.66

All dat a 0.90 0. 31 0.99



de terminations Cor os lima t ing luif -Umoies would in oar- 
ticulariy accurate for data collected, at any one time.
Loaf weigat would 6ivs some i n i I cat icon of tu.j condl 15 on of 
the tree, but could not be considered as a substitute for 
the nitrogen or chlorophyll determinations,.

Yiel d

Yields, in bushels, from individual trees ware recorded 
throughout the duration cf the experiment. Table XIV gives 
the annual, average and total four year yield per free, 
tabulated according to fertiliser, mulch and cover crop 
tren. tment s, together with a statistical evaluation of the 
data.

Since the trees were in very poor condition at the 
beginning of the experiment, the yields were exceedingly 
low, many trees having little or no fruit on them at all.
This condition existed for three years, the total values 
becoming slightly lower ea.cn year. In the fourth year the 
trees had recovered sufficiently to produce a fair crop, 
which was significantly higher than those for the other years.

Except for the first year, the yields for all plots 
were in relation to the fertility levels, Figure 11A. The 
average accumulated yields were 17o9^» 19*29 and 11,10 
bushels per tree for the high, medium and low fertility 
plots, respectively* A statistical analysis of the date, 
showed that there was a significant difference, at tne one



TABLE X IV

ANNUAL Y I E L D  PER TREE ACCCRjjING  TC TEE F E R T I L I T Y  
L..j V j L o ANJ ' ROUND C0 7LRS

Fertillty level Ground cover 19i*6
(bu.) 191+7 (bu.)

196-8 
(bu.) 1969(bu. )

T c 1 a. 1 A v 7' •; ’ e
(bu.) 196'-69

(a,)

High Pea vine 
Straw 
Lad 5 no Bluegrass

1.61
1.32 
1-6? 
1 .77

1 .86 
2.01 
i .ig
i .93

1,62 
1 .01 
1 . Oli 
2.2.6

13 • 36 
12.50 
10 ,96 
18.?6

19.66 
16.36 
16.02 
19. 71

• -f 0 1 - e 
., . 21 
8 - 70 
6. 3

Average 1.69 i . i j 1 Jj.6 12.68 17 *6-8 6 • 36

Medium Pea vine Straw Ladino Bluegrass

0,7 3 I * 61
1 .152 .16

0.63
2,8-90.70
2,19

1.32 
1.26- 
0, 96 0.60

9.12
12.838,32 
16.08

11.69 
10 .76 11.60 
19.12

P op
6 iod 
a. 90
1 . •? V a * i n

Average 1 .>1-2 1*6-9 1.02 11.  36 18.29 9.92

Low Pea vine S traw L adino Bluegrass

1 *76 2.18
A • 36 
1 .  32

0.93o,6l
0.730.29

0. 93 
0J+.Q 0.81 
e.33

I -j  . 32
V '9 O ( • /
■9.67
0 . ^ 8

13.92 
10.26 11 92H * J ̂ 7.22

3.69 
2 . 6 
3.-9
’ .30

Average 2.17 0,62 0.65 7.71 11.17 2.79

Total Pea vine 
Straw Ladino 
Bluegras s

1. 39
1.68 
2.06 
1.76

1 .16
1.67 
0.86 
1.62

l .30 
0,92 
0.93 
1.05

11.18 
11,00 
9.3 6 

10. 66

17.Oi; 
1 f . 36 
12 .70 
111 .76

3 0 76 
3.96
3.62 
. 69

All Average 1.72 1 .89 i . 06 10.66 Hi. 71 8 0 00

L . S . D .  ‘O  
1%

F1 e r
01
tili ty
.383,168

Da te 
1.012 
l. 3U

Cover 
1.012 
1. 3ii9
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Figure 1 1 # Annual yield per tree from 19h'b to 19e-9 
according to fertility levels and ground 
covers.



percent level, in the four year average yields between the 
high and low fertility plots,, There was, however, no signifi­
cant difference between the yields on the high and medium 
levels, and a significant difference at only the five percent 
level between the yields on the medium and low fertility 
plot s *

during the first three years the yields were so small 
that there were no differences between the values for the 
cover and mulch treatments* In the fourth year, the higher 
yields made 3ome differences evident* The trees in the pea 
vine plots had the highest yield, averaging 11.18 bushels 
per tree and the Ladino, the lowest, 9.95 bushels. Consider­
ing all data together, the relatively high yields In the 
straw clots for the first two years, made the values higher 
than those for pea vine. There was, however, no statistical 
difference between the values for pea vine, straw or blue­
grass, The yields from the Ladino plots were lower than 
that from straw at the one percent level and from the pea 
vine at the five percent level.

The relationship between the fertility rates and yields, 
found when all covers were considered together, did not 
hold for the Individual covers and mulches, Figure lid.
Total yields for the bluegrass plots were the only ones 
which varied directly with the fertility levels. Those for 
straw were higher in the medium than in the high fertility 
plots and both pea vine and Ladino plots yielded more fruit



in the low than in the mo a i vim fertility l^vel, Straw and 
especially bluegrass, which added no nitrogen to the soil, 
produced very small yields in the low fertility level.



ECONOMIC APPLICATION

The evaluation of a rejuvenation pro gran would not be 
complete without a study of the cost3 involved and che 
financial benefits from increased returns. Such a study 
should be compared to the cost of replanting the orchard 
plus the loss of income during the years when the trees 
were growing to maturity.

The operating costs during the four years of this 
study varied according to the fertilizer applications. The 
approximate overall cost per tree for material and appli­
cation of the sprays was $11.00 (17); for pruning, culti­
vating, etc., $1.50, making a total of $12.50 per tree.
This would be the total cost in the low fertility plots.
In the high fertility plots, the cost of the extra ferti­
lizer was $5.00. Thus the total cost for the four-year 
period would be $17.50. The trees In the medium fertility 
plots had half the additional fertilizer, so the cost in 
those ulot3 would be about $15*90.

The return also varied with the fertility plots.
Table XV shows the orices paid during the time oi the study 
for the various grades of apples and tho average amount 
received per bushel each year* The grower thus received 
an average of $1.16 per bushel and paid $0.15 for picking, 
leaving a net of approximately $1.00 per bushel.
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Considering the total four-year yield, the low fertility 
trees produced 1 1 .1 > bushels during the four-year period, 
which would cause a loss to the grower of $1.35 per tree 
($12.50 - $11.15)* The high fertility trees u-oduced 1 7 .1+6 
bushels oxer the same period, giving the grower +17.1+6 per 
tree, which would just about pay che cost of production.

Presuming that the tre©3 would continue to produce 
at least as much as in 191-1-9 and that the cost of production 
would be the same (one-fourth of tne above figures), the 
trees In the low fertility plots would net the grower 
approximately $l+.58 per tree per year (7.71 bu, or $7*71 - 
$3,13 the cost of production) after the loss of $1.35 had 
been absorbed. On the same basis the trees in the high 
fertility plots would net the grower approximately $8.30 
per tree per year ($1.2.68 - +I+.38). Therefore, after the 
original costs were paid, the high fertility treatment 
would give the grower approximately $3.72 more per tree 
than the low fertility treatment.

An alternative to renovating an old orchard by the use 
of large amounts of fertilizer is to pull out the old trees 
and replant the orchard. The expenses to be considered 
would be tree removal cost of $1 .9-1 (26), cost of buying 
and planting a new tree of $0 .70, spray costs of $0 .$]+ (17) 
and fertilizing, cultivating and pruning costs of $0 .50, 
making a total of approximately $3*05 per tree for the four- 
year period.



Although the above figures are quite approximate, 
they provide a basis for deciding on the course of action 
to follow. As pointed out, the old renovated trees in the 
high fertility plots could return about $8.30 per tree per 
year after the four-year period. In all probability the 
tree would maintain similar production for a number of years 
and would bring in a fair income to the grower. Nevertheless, 
the orchard would still consist of old trees, which would 
have to be continually forced Into production and eventually 
would have to be pulled out and new trees planted. If the 
young trees had been planted when the experiment started, 
they would have been well established in the four-year 
period, although it would be several more years before they 
would produce enough fruit to pay for the original cost and 
the upkeep during the early years of growth and give any 
profit to the grower. After 8 to 10 years, the young trees 
would be producing as much and probably more fruit than the 
old trees and the production costs would be somewhat lower. 
Then the orchardist would realize more profit on the young 
trees thav. n th-. i I '*

The economic aspects of rejuvenation, therefore, would 
depend on the financial requirements of the grower. If it is 
essential that he maintain his immediate earnings, a rejuve­
nation program would be advisable. If, on the other hand, 
he is in a position to forgo some of bus immediate income 
and follow a long term plan, a tree removal and replanting 
program should eventually lead to greater profits.



DISCUSSION

All the results described in detail in the foregoing 
sections point to the fact that the positive and definite 
rejuvenating effects obtained from the use of fertilizers 
were In relation to the amount of fertilizer used. To a
somewhat lesser extent, improvements in tree vigor and
yield ixere also obtained from the use of mulches and cover 
crops. In addition to these clear-cut results, there were 
several inter-relationships which should be pointed out.
As the tree absorbs nutrients, the first response is usually 
In the vegetative parts, which Include the leaves, trunk 
and shoots. 3y means of this growth there is an accumu­
lation of storage material in the tree which will eventually 
produce new axillary buds. Since it takes two years to pro­
duce' a blossom from an axillary bud, the effects of ferti­
lizers could hardly be expected to influence fruit production 
for at least two years. The results of this study clearly 
showed this time relationship.

One of the earliest responses to fertilizers was that
of cover crops, which showed a differential efj.©ct In 19$7*
after the Ladino plots had been established. Since cover 
crops are surface rooted as compared to trees, they would 
be expected to respond to large applicatIons of fertilizer 
in a relatively short time. The fact that there was little



difference in cover crop growth between the high and the 
medium fertility plots but considerable difference between 
the medium and low olots for both Ladino and bluegrass, 
showed the need for phospnorus and potash in the cover crop 
plots. The high and medium fertiliser applications con­
tained both phosphorus and potash, while the low fertilizer 
applications contained neither. These elements, as well as 
nitrogen, were there Tore needed for adequate cover crop 
growth.

Considering the growth of the tree itself, the trunk 
cross sectional area and shoot growth responded to the 
fertilizer treatments at different times. The percentage 
increase in trunk area showed an immediate response in the 
first year, the values being proportional to the amount of 
fertilizer applied. At the same time, the shoot growth 
measurements were not proportional to the amount of ferti­
lizer applied, but were apparently influenced by the original 
condition of the trees. After the second year, shoot growth 
showed the same proportional relationship, although the 
actual downward trend was not checked until 19̂ 4-9, when 
recovery of shoot growth was really apparent. In the 
first three years of the experiment when the shoot growth 
was very small, the percentage increase in trunk area in 
each fertility level continued at about the same rate,
Figures and 9. In th9 final year, when there was consider­
able shoot growth on each fertility level, the trunk area



increase was smaller than In the previous years.
By the second year, 1947, the leaves of the trees had 

also responded in proportion to the fertilizer applications. 
Mean figures for dried weight cf the loaves and for their 
chlorophyll and nitrogen content all showed this relation­
ship, When these values were compared with one another, 
only total nitrogen and leaf weight were found to oe statis­
tically correlated. In 1949, data again showed that leaf
weight, chlorophyll ann nitrogen values responded in pro­
portion to the amounts of fertilizer used, but to an even
greater extent than in 1947. In 1949, the correlation 
between total nitrogen and chlorophyll was 0.90 "cr all 
data together, and thus was more sipnif icam: than in 1947 • 
Cornels,tion between total nitrogen and leaf weight was 
about the sane as for 1947 at the same samcling period©
The relationship between leaf weight and chiorophyli was 
greater in 1949 than in 1947 but still was not statistically 
significant.

A comparison of the actual values for loaf analyses in 
1947 with those for 1949 showed that all the frees had Im­
proved In vigor with the various treatments. The dry weight 
of the leaves was much greater at the latter date. The aver 
value for the low fertility in 1949» 200*0 mg. per leaf, was 
higher than the average value for the high tertility level 
In 1947 , 139*3 mg. per leaf. The chlorophyll content per 
square centimeter was approximately the same In the two



years., but since the leaven were larger in lrd|9, the total 
chlorophyll con bant of the leaves was larger, In 191+9, 
the percentage of nitrogen for each fertility level 'was 
considerably above that In 199-7* As with leaf weight, the 
percentage of nitrogen for the low fertility plots in irhfg 
was higher than the percentage of nitrogen in the high 
fertility plots in 191+7*

The increased percentage nitrogen together with the 
Increased leaf size accentuated the total amount of nitrogen 
per leaf and consequently the differences between treatments.

Final.ly in 191-1-9* yield responded to the fertilizer 
treatment. The light crop in the first three years of the 
experiment made It Impossible to detect yield differences 
during this early period. The higher .yields in 191+9 were 
directly related to the amounts of fertilizer used. In 
the sarne year and in all fertility levels, snoot growth 
increased more than in any previous year in the experiment, 
while the percentage increase in trunk area was smaller than 
Tor any previous year since 191+6. These data serve to 
emphasize the inter-relationship between the various parts 
of the tree and their effect on tree performance.

When the various covers were considered separately, 
there were apparent discrepancies in yields from the three 
fertility plots. These may be explained, in part, by a 
careful comparison with shoot growth, trunk area and leaf 
analyses. The increased yield from the bluegrass and straw



in the medium fertility plots, as sho,/n in Figure 111, 
may be associated with the higher increase in trank srca, 
according to Figure 5>R, and the higher actual shoot growth, 
as shown in Table IV and Figure I4.C. This larger shoot 
grovJth and trunk area increase may in turn be associated 
with the relatively larger leaf weights and. the higher 
amounts of nitrogen found In the leaves from these plots0 

There was 9 similar relationship for the Ladino and 
especially for pea vine treatments in the low fertility 
plots* Yield was higher than in the straw and bluegrass 
plots and may have been related to the higher percentage 
trunk area increase and higher actual snoot growth. These 
values may also be associated with the greater weight and 
nitrogen content of the leaves*

Among the mulch and cover crop treatments, pea vines 
were outstanding in their effect on tree performance. This 
mulching material produced the greatest average value for 
shoot growth and trunk area increase as well as the largest 
leaf weight, chlorophyll and nitrogen values. This effect 
was much more apparent in the low than in the high fertility 
plots. Ladino was less effective than pea vines, but better 
than straw or bluegrass in increasing these measurements 
in the 1 ow ferti1i ty plot s .

A further improvement In the general condition of the 
tree was shown by the greater leaf weight found in 19^9 as 
compared to that in 19l|7. This improvement, however, was



'J

not the came for all mulches and cover .n’ops, ncr for all 
ortil._z©r lc vol j as Siiown in Ta /I© XVI » Tin© pea ’/in© 

plots produced the largest increase of leaf weight, 13.1*9 mg. 
per leaf, as compared to 103,0, 39.1 and 33,9 for the olue- 
grass, Ladino and straw plots, respectively. The pea vines 
also maintained this increase in leaf weighs, at the three 
fertilizer levels, indicating that tais mulching material 
had a decided effect on leaf weight increase at all three 
levels of fertility.

In considering the overall picture/, of utmost importance 
Is the effect that the various treatments had on the health 
and vigor of the leaves. The dry weight, as previously 
noted, had increased on each fertility level in 193-9, being 
almost twice as heavy as they had been in 199?’. In each of 
these two years the chlorophyll per square centimeter remained 
approximately the same, varying only in relation to the 
fertility level. The percentage of nitrogen in the leaves, 
on the other hand, was higher on each fertility level in 
19]p9 than It had oeen in 1937* Therefore, the total amount 
of nitrogen in each of the heavier leaves was considerably 
greater in 1939 than In 1937. These facts all indicate 
that the condition of the leaves had made a aecided improve­
ment. As a result of this general improvement in the leaves 
after four years of continuous heavy feeding, the condition 
of the whole tree had started to improve. The trunk area 
had Increased and the terminal growth was greater. Thus the



TABLE XV I

LEAF WEIGHT INCREASE FROM 19i-l7 TO 19^9 WITHIN THE 
DIFFERENT FERTILITY LEVELS AND GROUND COVERS

Ground cover
Weight per leaf

High 
(mg, )

Fertility It 
Me dium 
(n g . )

i vel
Low
(m g * )

Average

Pea vine 1^3*0 133.9 11+7.6 141 . .?

Straw 99.3 99.0 67.2 ITS•COCO

L adino 119,1 83.9 69.3 39.1

Bluegrass 13U.0 101 ,7 89.3 103.0

Average 122,9 101+.^ 92,0



trees had recovered sufficiently to produce setter yields 
in 191+9 and to continue their improvement in future years.



SUMMARY

Treatments which were designed to rejuvenate an old 
apple orchard included the use of three rates of fertilizer 
applications which crossed over straw and pea vine mulch 
plots and Ladino and bluegrass cover crop plots. Results 
were recorded in the field by means of shoot growth, trunk 
circumference and yield of the trees, and by weights of the 
cover crops. In the laboratory, dry weight and chlorophyll 
and nitrogen content of the leaves were determined.

The higher fertilizer applications were effective in 
increasing trunk area, cover crop ’weights, leaf weight, 
nitrogen and chlorophyll content of the leaves, shoot growth 
and finally yield, in that relative order*

The effects on growth were in proportion to the amounts 
of fertilizer used.

The Increase In leaf weight, leaf nitrogen and chloro­
phyll stimulated tree growth which in turn Increased yield. 

Among the mulch and cover crop treatments, pea vines 
were outstanding in their beneficial effect on tree perform­
ance. This effect was more apparent in the low than in the 
medium or high fertility plots.

A program of rejuvenation as conducted under the con­
ditions of this experiment, would give temporary economic 
benefits. Over a long period of time, however, a tree 
removal and replanting program might be more profitable.
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