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Frank Y. Heawetson

Treastments which were desipgned to rejuvenate an old
apple orchard included the use of three rates of fervtilizsr
applications combined with straw and pea vine mulch plots
and Ladino and bluegrass cover cron nlots, Results were
recorded 1n the field by means of shoot growth, trunk cir-
cumference and yield of the trees, and by weipghts of the
cover crop8. In the laboratory, dry weight, chlorcphyll and
nitrogen content, of the leaves wsre determined.

The higher fcertilizer avplications were effective in
increasing trunk area, cover crop weights, leaf welght,
nitrogen and chlorophyll ccntent of the lsaves, 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 welight, leafl nitrogen and chloro-
phyll stimulated tres growth which in turn increased yiecld,

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

A program of rejuvenation as conducted under the cone
ditions of thils experiment, would give temporary economic
benefits, Over a long neriod cof time, however, a tree

removal and replanting program might be more profitable,



TALLE O ZSOBTHNTS

TNTRO ST AT AL
R:ﬂ.'l 1?:. N OID LI"“J_‘:‘:ZH"’IV:}{{E » - . » . - . . .

J.E.":h.“.: RIMED&HT AL P}{OCEJ‘U HE v . . . * . [ .

o

Al

Plot Layoutbt =anua Avelicihioo o 77of-gr

o

Metiiodls of Cobaining oata . .+ + . .
RIESUTLTSe 6 ¢ o o 6 2 ¢ o o o o o o 4

- P T U -
LOVer o Mj.L‘bu.tS 'Y . - - s o . . .

Tree Growbhh o+ & ¢ & ¢ v v 4 ¢ « «
Shoot growth.e o ¢ & ¢ v v« « & .
Trulk crezs Sechbloll T7Che o o o o

1

Leat Growthh and Co=ncaltion « « . .

\
N

[

H
NI

fd
N

)

Leal weight, chloronhyll an . nltrc o

In 1947 « v 6 v v e 0 e w e e

Leafl welgsht, <chlcoroohizll anc 0
in 19).#(:' ] . L] - - L . . . - . .
Leal weight o « v o « o« o o « =
Chlorconyll o o o ¢ o o « ¢ 4+ &

i‘ibl".i)gel’l. . . . . = . . . . « .

Sorrelatione Loartagcen leaxl wel, o
and TLQ t POF:@]'; . . . . - - - v -

Yi‘Jlu ™ Iy 9 - . . » . - . . ° . . .

BCONOMIC APPLICATION v o ¢ v 4 o + 4 &

[Oh)
|._.I

)
W Ul

-~ =
=



LIST O FPLURE

Piomre
1 Tynical btreec when exosriment was starbted., . . .
2 Disgram of tree nlantine ond experimental
plots used in the rejuvenation study. . . . .
3 Welght of two cuttings of cover crops In ol
yoar in relation to Tartllibtry lovels asad
jeaI‘S Of Sampling . - - - . . - . - - * - . -
h Relative shoot growth as influenced by
fertility levels and ground covers. . « « « «
S Percentage increase in trunk cross sectlion
area in relatlon to fertility levels and
STOUNA COVEBI'S « o s o » o s o % 8 o o o « o
6 Leaf analyses in 1947 as measured by dry
welght, chlorophyll and total nltrogen
Wwith respect to fertility levels and
Zround COVEIrS s+ o o s o s o o o 8 8 o o « + @
7 Leaf welghts during 1949 season in relation
to feetility lovels and ground COVErs o o o o
& Leaf cliorophyll values durin:., the 1949
geascon in relaticn to “ertilitr lovels
and 7rceand COV2ES o s s o o o s o « ¢ o o o 4
o Total percentage nitrogen in uried lenvaes
during the 1949 season as influenced by
fertility levels and ;;round COVEPrsS. +« 4 « . o
10 Total nitrogen ver leafl durin,: the 1949 seascn
as influenced by fertility levels and
gl"OlU’ld covers . . . - . . . - » . . . . - - »
11 Annual vield ner btree from 19456 to 19,9

according to fertility levels and ground
COVePS. - + . - * L] - Ld [ ] . . . L . L] [ ] L] .

Lo
O



Taole

[
=t

ITI1

VIIIL

iXx

XI

XII

XITI

LIST ¢ T/ LLE

wn

=

Mean trunk circumfcrence for zlots, arszas
and fertility btreatments , o« & « &+ 4 v 4 s e

Composition of the spocisl mixture tertillzer
and the amocunts of the various ingredients
usci per Sree for ths Jdliffereant fortllity
1evels o v 4 6 o 4 4 s e 4 e 4 e e e e e e s

Jeight of cover crop cliovpings as rel=at=d to
fertilizer appllcations expressed ~s trazsh
welght in btons per acre.s « o« o ¢« ¢ « o ¢« o o

Annual linear shoot growth in reiation to
fertility levels and ground covers, expressed
as cenblimetoers per tree. o+ ¢ o o & ¢ e e . e

Annual linear shoot prowth in relatlon to
fertility levels and jround covers, expressed
as percentage of the 194y values + « « « + « «

Anmusl trunk cross section area per trees,
according to the various fertility lovels
and ground COVEI3 e ¢ ¢ & 8 3 o o + 9 s o & s &

Trunk cross sectlon area expressed as average
percentayge increase ner tree, accordin, to
the various fertility levels snd round covers

Leaf welpght, chileronnyll and nitro.en values
for 1947 according to fertility levels and
8P0und COVEI'S e « o 5 2 o » a2 a2 o s » o o 2 4 «

Leaf weights in 1949 as influenced by fertility
levels, (;rouna covers and time of sanpling . .

Chlorephyll values during tlie 1949 season as
related to fertility levels and ;,rouna covers.

Percentage ol total nitrogen in the arisd lesaves
during 1949 with respect to fertility levels
afld {f‘I‘CUﬂd covers. . . . . 3 . . . . . . 3 . .

Milligrams of nitrogen per lesaf uuring the 1949
season ir relation to fertility levels and
ground covers, P . . . . « s « o . . . . s »

Correlation between leafl weight, chilorophyll
and nitrogen in 1949 + ¢ ¢ ¢ ¢ o 4+ e ¢ o 2 . e

13

20

23

25

29

31

34

43

cl



LIST ¢ TALLES Continued
Tnble

XIV Annual yield ner tree according to the
fertility lievels and pround covers . « .« +

XV  Annu-l »rices and crop valus lfor Vork Imperisl
apple S e« 4 e s & s » a & & & & & + s = e s @

XVI Leal welgsht increacse from 1947 to 1949
wlithin the different fercility levels and
Sround COVETSe « « s o s » 2 & o & 3 o o o

71



INTRODUCTION

In many large frult growing sections of the country
there are old apple orchards which fail to produce sabtis-
factory yields, although the majority of them are situated
in good locations and contain marketable varlieties. 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 proolem
of declding whether to take out all of the old tress and
replant the whole location or to ¢ilve the o0ld treces special
tresabtments in order to restore thelir vigor and thus increase
their frult 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 thls procedure in
relation to the cost of replanting and the loss of income
until the trees come into bearing.

In any attempt to improve yieslds, it is first necessary
to produce healthy vigorous trees. The trees must be »nruned
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-

formancee.



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 fertllizer
treatments and at the same time to malntaln the other neecds
of the trees. The first purposs was to find out to what
extent cover crops and fertilizers would increase trea
vigor and crop oproduction. The second purpose was to
determine if these treatments were financially sound or

advisgabls,



LVIEW OF LITERATURE

With ﬁhe 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, L4, 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
fertlilizers,

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 detalls are
carried outj 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-
l1izing, pruning and insect and disease control.

Many "popular” or "semi-popular" articles and bulletins
(, 6, 7, 8, 10, 11, 12, 13, 14, 15, 18, 19, 20, 21, 22, 23,
2Ly, 25) have been written on the subject of apple orchard
re juvenation, Some of thess publications reported grower
observations and gave detailed programs to improve the

condition of the trees, others reported experimental projscts,
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but none of the articles gave adequate eviuence to substan-
tiate the recommendations. The majority o the authors
agread, however, that the trees did not respond to treatment
1f they were very old or if thelr vitality had been resduced
by neglsct, pests or diseases. They also believed that no
program was financially advisable unless the tross were
located in a good situation as to air drainage, soil and

climate and unless the varlety was marketable,



EXPERTMENTAL PROCEDURE
Plot Layout and Application of Materials

The orchard selscted for the current study was located
on the Cumberland-Adams county line, just north of Idaville
in south central Pennsylvania. The orcnard was planted in
1908, and had not been cultivated for a number of years
prior to 1946, the date when this experiment was started.
The condltion of the tress was very poor, although typical
of many in the area. Numerous limbs were dead and neesded
cutting out., Terminal growth was in many cases nsgligible.
Foliage was light and the lsaves were small and poor iﬁ
color. The trees shown in Figure 1 are characteristic of
this condition,

The orchard site was excellent for air dralnage. It
was 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 that found in
this section of the RBlue Ridge Mountains.l It was an ashe
silt loam derived from metamorphosed volcanic rock. The

residual soil was from the metabasalt or greenstone and

l. Soil description made by R. C. Long, Soil Conserva-
tion Service, Gettysburg, Pa.
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eplidote rock. This geolosical stratumof basic rock had been
broken into small fragments which formed a moderately deep
gsoll of good structure. The texture, that of a medium sillt
loam, was such that it eroded at only a moderate level.

The available molsture holding capacity was high. It was
well drained. The permeabllity 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 adanted to the culture of fruit trees.

Since there was a gradual slope in the orchard, the soil
was not uniform, The more fertile =20il was in the north,
higher area, and the less fertlle soil in the southwesst,
lower corner, where some eroslion had occurrsed. The cone
dition of the trees was related to the soll differences to
a considerable extent wnich was taken into conaideration
when the plots wers layed out,

Originally the orchard, which covered about 13 acres,
contained 570 York Imperial anple tress. 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 thls 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 (Trifolium renens, L.) and bluegrass (ggg
pratensis, L.) were used as cover crops. Within each of
these treatments, there were three levels of fertilitye.

Bach sube~treatment was replicated once, making a total of

2l plots, which contained altogether 245 trees. There

were from 19 to 24 trees for each of the treatments. Plots
14 and 15 were used for other purposes and were not included
in thls study,

The plot layout was based, as far as possible, on the
size of the trees at the beglinning of the experiments,
Trunk circumference measurements were taken eariy in 1946,
before any growth occurred. The average values for each
pvlot, together with the probable error are shown in Table I,
The data Indicate that the smallsst trees were located in
the southwest corner, area 1, plots 1, L, 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 parmitted replicating the treatments in such
a way as to counteract soll variations as much as possible,
Bach half of the orchard was divided into three areas, one
for esach fertilizer treatment., Plot 13 was used instead of

plot 15 to complete area 6 so as to keep plots 1§ and 15 for



TADLE I

MIAN TRUNK CIRCUMPERENCHE <CR PLOTS, AREAS
AllD FERTILITY TREATMENTS

] I Number LVS0aRs Drcoabfg

rlot of treos circumfercnce arror
(crm.)
1 12 8a.b6 317
in 11 o8 7 Cel7
7 11 86.6 2.08
10 8 101.9 1.77
Area 1 Lhe 9.7 1.46
2 12 111.5 2,68
8 10 9. ¢ 225
11 10 10%.0 Tl
Area 2 143 1C..,.9 1.20
3 10 110.6 1.50
6 10 112.9 43
9 9 116.1 Sali3
12 9 109,2 2oh0
Area 3 38 11310 l.11
16 10 O7.1 2653
1% 9 101.9 l.92
22 10 102.5 SN
25 11 100.1 Zeg3
Area U 10 100C.5 1.20
17 11 98,6 1.99
20 12 9,2 0.62
23 11 1C2.5 loys
26 11 100.A LeH2
Area 5 L5 100.2 1,08
13 9 102.7 l.72
18 10 109.0 157
21 9 G977 3096
2L, 9 108.1 1.58
Area 6 37 10L.4 1.62
IPFertility ares

High 1 and 5 87 96,6 0.90
Medinm 3 and 78 106.6 Q.24

Low 2 and 80 105,2 0,37




other studies, Table I also shows the circumferesnce 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 arsas 3 and_u, the average trunk clrcumference 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 c¢cm. On this basis, the probable error was practically
the same for each fertility level. Nevertneless, the high
fertility treatments were on the poorest plots, glving 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 mulchling materials were
applied in 1946, 1947 and 1949. Pea vines were not
obtainable in 1938, so 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 1946, these plots received manurs at the
rate of five tons per acre and were subsequently seeded to
sweet clover. 1In 19,7, 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 crope.

The entire orchard was in bluegrass when the experiment
wag 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 1945. The low fertllity plots had no other fertilizer
the first year. 1In addition to the Cyanamid, the medium
and high fertility plots received 18.75 and 37.5 vounds,
respactively, of a special fertllizer mixture, applied in
the spring of 1946. In 1947 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 tres for the medium and high fertility
plots, respsctively. Lime at the rate of 1.5 tons per acre
was applied to the entire orchard in March 1946,

The special fertllizer mixture is shown in Table II.
Ic was lormulacved to glve spproxlimetely a 10-10-10 fertl-
lizer for the high fertillty vlots, considering the sddi-

tional nitrogen fertilizer applied by the grower. It was
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Total N PQOG KZO Total »h P Og KEO
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Jramon 3.0  1.20 Gul ANEI
NaNO LoO  0.6h4 a7 0490
(Nthzso\ BIRe) L0 3.8 0.75
Armoniatad
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alsc designed to give a conkinuous supply ¢f nitrogzen
throughout the growing seascn by the use c¢f different

ferms of nitrogen. Tne irst year, it contained four

kinds of nitrogen: sodium nitrate, which readily releases
1ts nitrogen; ammonium sulfste, which reieases its nitrogen
at & somewhat slcwer rate; Uramony 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 c¢f the cther nitrogenous
chemicals being changed so that the formula would contaln
approximately the same total percentage of nitrogen. Borax
was added the first year, but was discontinued in the
follcwing years, In the first year, the nigh fertility
slots received L.CO pounds each of nitrogen and P205 and
3.20 pounds of K,C, and in the later years they received
©.13 pounds of each ingredient. The medium fertility plots
received 2.49, 2.00 and 1.95 pounds of nitrogen, P205 and
K,C, 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 recelved conly nitrogen at the rate of
0.98 pounds ths first year and 0.80 pounds the subsequent

yearse
Methods of Obtaining Data

The effects of the various fertilizer applications,
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mulches and cover crop trestments were recorded by measuring
the yleld of the cover crops and the perlormance of the
trees. Tree performance was measured in terms of linear
shoot growth, trunk circumference, yield and leal response,
The latter included leaf welght, nltrogen and chlcrophyll
determinations. As far ss possible all data were subjected
to statistical anslyses.

The growth of bluegrass and Ladinc clover crops was
determined twice in each of the years 1947, 1648 and 1949,
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 wlth s sickle and weighed in
pounds. In 1949, the procedure was modified. A 3l1l-fcot
strip one yard wide was cut with a sickle bar attached to
a Gravely garden tractor. The cut cover was welghed 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 1CLb6,
it was possible toc measure this growth for the two prsceding
years, Thus the treatment responses could he 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 sach quarter, terminals were used that
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were growing at an angle of MSO from the horizeontal and
which had made three years of non-branching growth. This
procedure eliminated suckers and side shoots and has been
shown by Wilcox (27) to be the most reliable procedure for
mneasuring 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
meeasurements represented the vigor of the tree and gave the
annual shoot growth.

Trunk circumference messurements 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. 1In order to compensate for
this original difference in s1lze, the annual increase each
year was expressed as the percentage of the 1945 value.

During 1949, 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 1% and
October 13.

The samples for chemical analyses were collected from

two representative trees in each plct., Seventy-five leaves
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per tree were selected from the mid-section of the current
seagon's terminal grcwth, They were collected in the
morning, olaced out of the light in brown paper bsags and
brought into the laboratory.

Leaf weight measurements were determined on a dry
weight basis, The 50 leaves used for chlcrophyll determin-
ation, plus an additional 25 leaves were dried in paper
bags in a constant temperature oven at 650 Ce The asamples
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 welght
of the 200 disks, taken for chlorophyll samples was 0.433 mg.
This correction was added to the total welght before deter-
‘mining the average leaf weight. The values were expressed
a8 mg. per leaf,

Chlorophyll was determined according to the method
descrived by Compton and Boynton (9). Two disks, % inch in
diameter, were taken from one side of 50 leaves and transe
ferred to an amber glass bottle contalining 30 ml. of 95
percent ethyl alcchol. A dupllcate 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 coclorimeter, 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 sclution cell and adjusting the colorimeter



to the zero position before sach reading of the unknown,
The colorimeter was calibrated with a standard solution
containing a known amount of chlcrophyll. This solution
was obtalned by determining the total chlorcphyll content
In a Coleman Universal Spectrophotometer, using the A.0.A.C.
method (2).! The values were expressed as milligrams of
total chlorophyll per 100 square centimeters of leaf aresq.
Total nitrogen was determined on the dried leaves.
The samples were ground in a Wiley cutting mill using a
}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 bushels per tree, which included the drops as well
8s the picked fruit., The dropped fruit was plcked up and
measured after the picked frult had been removed frcm the

orcharde.

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



RESULTS
Cover Crop Weilghts

The welights of the Ladino snd bluegrass cover crops
expressed as fresh weight in tons per acre are shown in
Table ITT1.

There was a definlte 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 medlium fertility plot wvalues than between
those for the medium and high fertility plots, Figure 3,
This may be explained by the fact that the low fertility
plots recelved no phosvhorus and potassium in thelr ferti-
lizer treatments. Since cover crops need these nutrients
for the best utilization of available nitrogen, the covers
in the low fertillty 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 fertlilizer 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
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TABLE ITIT

CROP CLIPPINGS AS

RULATED T FERTILIZER

APPLICATIONS EBXPRESSED A3 FRESE WEIGHT IN TONS PER ACRE
Cover Fertility 1047 19453 1949 Total Average
crop level
Ladino High 18,79 25.07 1l,.,46 59,32  19.77
Medium 18,19 23,78 11.2 53.17 17.72
Low 12,57 10.99 3.29 25,75 8.92
Bluegrass High 14.28 2e32 Q.42 36.02 12.00
Medium 11.52 11.92 3.33 31.77 10.59
Low ©.03 Q37 2e99 17.39 5.79
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of clippings than the bluegrass under similar conditions,
However, thls may have been due to tne fact that the high
fertillity had stimulated the growth of grasses more than
the medium level of fertility. This additional grcwth of
grasses, 1In a large measure, acccunted for the greater pro=-
duction of clippings from the Ladino plots receiving the
high level of fertilizers.

Tnese data bring out the fact that an early effect of
the fertilizer application may ve 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 treeas,
Tree Growth

Shoot Growth

Teble IV shows shoot growth linear measurements from
164 to 1949, expi.ssed as average values per tree, and
tabulated according to fertilizer, mulch and cover crop
applications each year. It also pjlves the average values
for the various treatments and the least significant
differences,

Tre 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 7,35 cm.
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TADLE IV

1M RELATION

=

O FERTILITY LIVELS ANND

GROUND COVERS, sXPRESSKD AS CLIVETIRS P DRiE

Crouand cover

19,

1948

Fertility Yous 1247 194" 1949 Avera e
level
High Pesn vine A1 N2 sald fed7  2.29 1L.7D 2.7
Straw 721 GJ00  3e52 2,70 2.o8 Lo 3.7
Ladino Te02 5.76 3,07 3.22 3.2 Le77 .78
Bluepgrass 2056 T.86 0 U0 .00 Z.2L 0 UlT7h IR
Average 787 513 3.92 3.80 3.24 L.05 l:.00
Mediun Pea vine f.32 neli3 2.77 2.29 2.23 2,88 2.5
Straw el 5. 13 347 371 .25 2,27 2017
Ladino G. 58 .00 3020 2.72 2.58 2.95 91
Blueyvrass { .10 012 ;.18 3,00 2.01  3.70 5.01
Average .00 V.18 3.h2 3.12 0 2.41 0 3.20 3,04
Low Pea vine 7.58 u.;3 .75 Lel8 2.76  3.32 3,75
Straw a7 5,07 3L.8h 320 207 2632 2 R7
Iadino 7.04 5.37 L,.08 Se)9 2.72 2.36 506
Blueygrass 5.58 0 5.2 .72 2432 1.0 15 2.31
.H.Vef‘age 7.53 6025 11011 3.23 2-3‘3 ?2-4!.1.3 3‘02
Total Pea vine S8l L350 3,060 2.35 0 2.80 0 3.7L 3.39
Straw TL20 .75 2,51 3.56 2.35 3,00 3,28
Iadino Ve?3 W12 2. 3,08 2.89 3.39 3.25
Blnegrass .2l (.72 Lu32 0 30020 2.57 0 3.09 3.57
A1l Average 7.35  S.87 0 3,830 3.0 2,07 3.50 2.37
.t'_.l‘ ’”f)r :\.)rf.t.
LanDo f)(/':'; .' \ |‘ u.i}UZ 0.262
17 SEUN 0.7hY Ce7hl



and by 1948 had declined to 2.67 cm. The greatest re-
duction in shoot growth occurred before the experimentcal
treatments had had time to influence the results, the
values being 5.87 in 1945 and 3.83 in 1946. Analysis

of variance on the data from 1946 to 1949 showed that there
was no significant difference between the 1946 and 1947
values, but that the reduction in 1948 and the increase in
1949 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 1946, varied in relation
to the amount of fertllizer applled. The average values
for the 1946-1949 period were [},00, 3.0 and 3,02 cm. for
the high, medium and low fertility levels, respectively,
The value for the high fertility was slignificantly 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 shcot growth, but they were less pronounced
than those caused by the fertilizer applications. The
average values for the four cover treatments were practle
cally the same, 3.39, 3.28, 3.26 and 3.57 for the pea vine
and straew mulch and for the Ladino and bluegrass cover

crops, respectively. These differences were not significant,



Ir order to minimize originsl differences in tree
size, shocot grcwth was expressed in percentage of the 194l
values, see Table V and Figure L, Although the percentages
showed the same trends as the fiasures for actual growth,
they made several facts more eviuent. 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 1946 shoot growth measurements were quite
similar, representing 49.8, 51.9 and 54.7 percent of the
164y values for the high, medium and low fertility, respect-
ively (Figure LA).

In the =second place, the percentage figures showed more
clearly the'effect of the three fertility levels. By 1947,
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 nct altered
the downward trend, Although shoot growth was smaller on
all trees in 1948, the pevcentage values showed the definite
relationship between the three fertillity levels. Finally
in 1949, shoot growth in the high fertility plots represented
6lis1 percent of the 194l values, those on the medium fertllity
plots represented 8.6 percent, while those in the low
fertility plots represented only 32.3 percent of the 1944
shcot growli .

Although there were no significant differences betweon

the centimeters of actual growth for the ground cover treatments
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by 1949, the percsntape increass indlcabted somewaab sunericg
srowth 1n the oleots having “he nea vine mulzh. [Mgure 4B
ghows that the shoot growth for all trees receiving nea viae
muleh represented a slightly higher nercentage of the 1940
values, each year, than did the average values for the otherp
covers. [lpure LT shows that this superlor snoot growth of
trees in the pca vine piots wns particularly evident 1n the
low fertility level, the values reprssenting 42.1 percent

of the 194!} figures. On this sam2 level, the treas in the
Ladino plots represanted 31.3 percent while tnose for strau
and bluegrass reprssented only 23.7 and 24.8 percent,
respectively. Thus the effect of the materials supolying
nitrogen was more evident on the low than on ths other

fortillty levels,

Trunk Cross Sectlon Area

The annual avera;e trunk crosa sectlion area oer tree
for each trsatment 1s shown in Table VI. These data, wnile
showlng the actual values, do not consider the differences
in tree size at the beginning of the expsriment. TFor exampls,
the trees 1in the high fertility plots had an average area
of 7554+ sq. cm. at the beginning of the study, whils those
i1 the medium and low fertility nlots had average areas of
917.1 and 891.7 sq. cm., respectivelv. Although the trees
in the high fertility plots made good growth, they were stilll

smaller than the others at the end of the study. Thus, it
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was necessary to express the ¢ffect of the various exparie
mental treatments by some other mgasure. ATter testing
geveral methods of expressins trunk size increase, it was
found that the percentape increase in trunk area each year
reduced the effect of the original trunk arsa and showsd
the most consistent relationships to the Ltreatments,

Table VII gives the avera e percentage increase per
tree in the trunk cross sectlion area tabulated according to
mulch, cover cro§ and fertilizer applications. It also
gives the least significant difrerences between the values,

Although there wers considerable differences in annual
growth during the four years, the growth was reiated to the
amount of fertillzer used. TLven in the first growing season,
the trees in the low fertility plots showed inferior growth
and those in the high fertility plots grsw at the most rapid
rate. The average percentage increases over the four year
period were 3.55 for the high, 2,98 for the medium and 2,58
for the low fertility nlots. Statlstical evaluation showed
that there was a significant difference at the one percent
level betwesn the percentage increases for the high and
medium fertility levels, but only at the five percent level
between the medium and low fertility treoatments.

The average percentage increase 1n 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 percentape increase was larger each
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Ladino 1.95 .08 .+ 06 1.53 2.3
Bluegrass 1.51 2.9 SOl 1.45 2427
Average 1.96 5.01 3.50 1.56 DA
Total Pea vine 2.23 Lo ub 3.96 2l 5.1
Straw 1.97 a3 e 09 2.03 3.03
Ladino 2413 3437 Lo l3 1.93 3eU7
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A1l Average 2.21 2e93 )} « 09 2,04 2.07
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year, but in the fourth year the percentage growth decreasced,
The difference between the values for the first and sscond
years was significantly higher at the one percent level and
the decrease between the third and fourth ysars was signifi-
cantly lower at the same levesl. Tune cumulative data in
Fijjure 5A show how the differences betwean the three fertllity
levels increased as the fertilizer effect built up, the
range between the high, medlum 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 olots, Figure 5B. Here, as also noted for shoot
growth measurementa, the two covers suoplyling nitrogen,
Ladino and pea vines, producsd percentage increases of 2,93
and 2,91, respectively. These values were higher than tho
2.5} 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 assoclated rather than
the two mulch and the two cover crops. The average values
for esach of the ground cover treatments mask the varlations

and thus they were not significantly dlfferent,
Leaf Growth and Composition

Leaf Welght, Chlorophyll and Nitrogen Data in 1947
The datas for leaf weight, chlorophyll and nitrogen are

presented in Table VIITI and Figure 6. The table gives the
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TOLE VIII

LEAR WEIGET, CELCROTHYLL AMD MITRCGEI VALUZS FOR 1447

a

ACCORUINVG TG MRRTILTTY LEVELS AYD GRUUNL C4OV.RS

Fertility Ground cover Welrit - e Tch:
1:val vor leafl Ctiioroninyll .
(gl (me /100 sq. cr.) (ner
rrs e L. -7
High Pea vine 125.0 1.50 1.
Straw 153,.7 1413 i
Ladinc 151.4 1.32 1.
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Average 139.3 1e30 1e7
Mediun Pea vine 125,90 1.1 l.%
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Ladino 12G.9 V. oh 1.49
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flpgures tabulated according to mulch, cover crop and fer-
tllizer treatments and the figure shows the uverapge values
for each ground cover treatment on the three lfertility
levels,

Even as early as 1947, the various treatments influenced
the values for leaf welght, The average figure for each
fertility level varied directly with the amount of ferti-
lizer applied, the valuss being 139,3, 133.)4 and 114.9 mg.
per leaf for the high, medium and low fertility plots,
respectively. These flgures indicate that there was little
difference between the trees 1n the medium and high fertility
plots, but that the trees in the low fertility plots were
in much poorer condition. There was a consideraole vari-
ation in leaf weight between the various mulch and cover
crops which was not altogether consistent with the aifferent
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, 1.05 and 0.92 my. per
100 sq, cm. from the high, medium and low fertility plots,
respectively. The data for the mulch and cover crop treat-
ments showesd 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 =zverage values for nitrogen
were again proportional to the amount of fertillzer applied.
The fisures, expressed in percentage of dry weirht, were 1.53
for the high, 1.5 for the medium and 1.41 for the low, The
drop in the low level, as shown in Figure 6, was almost
entirely due to the low straw and bluegrass valuzss. The
percent nitrogen in lsaves from the Ladino and pea vine
plots remained practically the same on the medium and low
fertility levels, which indlcated 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 crops had had little influence
upon the results,

Since the values for leaf welght, chlorophyll and
nitrogen all fluctuated in relatlon to fertilizer appli-
cations and since chloroohyll contains nitrogen in its
molecule, correlations were made between these three sets
of data. There was no relationship between the figures for
chloropohyll and either leaf weight or total nitrogen, the
coefficient of correlations being + 0.17 and + 0‘34, respect=
ively. There was, however, some relationship between the

weight of the leaves and the total nitrogen content, since



the correlation was + 0,71. Trom this it could ve asswned
that the total amount of nitrogen in the larger leaves was

greater than the percentage figurss indicated.

Leafl weight, Chlorophyll and Nitrogen oata in 1949

Two years later, in 1949, the study of leaf weight,
chlorophyll and nitrogen content ol' the leaves was made on
a more extensive scals, Samples were taken four times
during the growing season, on June 7, Aupgust 1, September 15
and October 15. These data not only show the effect of the
various mulches, cover crops and fertllizer applications,
but also show the leafl weight, chlorophyll and nitrogen
fluctuations during the growing season. At this time the
trees had recelved.the treatments for four years, so the
original variations in tree size were less obvious and the
relationships between these measurcments were mors accurately
poertrayed than in 1947. There was also sulficient data to
vermit analyses of variance, which further substantiated the

results obtained.

Leaf welght. The dry welght of the leaves, calculated

as milligrams per leaf, are recorded in Table IX, The data
are tabulated according to the cover crop, mulch and ferti-
lizer applications.

Leaf welght and thus the original slze of the leaf
showed a definlte relation to fertilizer application.. Con-

sidering all data together, the values were 241.7, 221.6
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and 2004l mr. per leaf for the nigh, medium and low ferp-
tility levels, respectively., A statistical analysis of
variance showed that these aversapes 'rere significantly
different even at the one percent level,

The general averages, however, did not sliow the
differences in the development of the lezaves during the
growing season. Tne average values for each collection
period ‘toved that the leaves maintained their maximum
weight longer in the higher fertility level. On July 7,
when the first samples were taken, the weipht of the lzaves
was definitely related to the fertilizer application, those
from the high fertility nlots being the heavier, Figure 7A.
On all three fertility levels, the leaves grew until the
first of August at approximately the same rate, keeoning a
proportional differsence in total weight. At the time of
the third sampling Iin September, the leaves in the high
fertility plois had increased and those in the mediwn and
low nlots nad decreased in wei; ht, the reduction veing
loweszst in the low fertility lot=s. 2y Jenober 1k, all
leaves had lost weight and had reached the approximate
waipght of the immature leaves collected in June. These
diiferences in leaf weight indicate that with higher levels
cf fertility, the leaf maintains its abiiity to produce
plant nutrients longer and thus best fulfills its function
in the growth ol the tree., The average iuncreasec in weilght

from June to August and the decrease Ifrom September to
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Ccteber Wwere signlficant at the one cercent level, at all
levels of fertility. Thore wacs no significant diftfersnce
between the August and Septemuver values in the high ond
medium fertility levele, but tho difference between these
collection detea in the low fertility level was significent
at the five percent level,

bDuring the entire growing season, average values showed
that the pea vine mulch produced heavier leaves than did any
of the other covers, Figure 707, 1In addltion the leaves from
the pea vine plots increased In weight at the thira samgling
period cn September 15, while the values for all cf the
others decreased. This supericrity of the pea vines was
substantiated by the analysis of variance, which snowed
that there was no difference between the values for Ladino,
straw or bluegrass, bubt that the flgures for pea vine were
significantly higher at the cne percent level, than those
for any of the other covers,

The effect of pea vine mulch on leaf welght becane
more pronounced as the fertility level aecresassed, Figure 7Ce
In the high fertility plcts the pea vine had little effect
on the size of the leaves which were slightly higher only
in the last two sampling periods, The effect was more
prcnounced in the medium fertillity nlots, but, in the low
fertility plcts, 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



whienn the fertility was low.

Chlorcphylls. Average chlorcphyll values, expresszd

as mg. per 100 sq. cm., shocwed variaticns similar to thcse
for leaf weight. Table X gives the chlorcephyll values tabu-
lated according to fertilizsr, muleh snu ccver crc) treat-
ments and date ¢f collectlon, together with the least
significant differences.

The chlorophyll data varied according to fertilizer
applicaticns, the average values being 1.36 my., for the
high, 122 mg. for the medium and 0,97 mg. for the low
fertillty levels. The statistical analysis showed that
these figures were significantly different at the one percent
level.

On each collecticn date, as shewn in Fipgure 8A, the
average values for each fertllity level were high at the
beginning of the season and decreased gradually until the
leaves were almost ready to all from the trees. The values
on the high fertility level were almost the same In August
and September but fell rapidly in Cctober. Those on the
medium fertillty plots had a more gradual decline, but et
all times were lower than those on the high fertility plotse.
The average chlorophyll content of the leaves in the low
fertility olots was lower at thelr highest level 1in the early
summer than were the values for the high fertility plcts
at their lowest level at the end of the growing seasocon.

The decline was exceedingly fast so that by the end of the
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summer there wse only 0.76 mg. of chlorophyll ner 1C0 zq.

crn., of leaf surface In the low fertility plots as compuread

to 1415 rg. for the high, Because the leaves in the low
fertility plcts weiphed less than those in the othar slots,
the actual amount of chlorephyll was undoubtedly lowest,
Therefore, the leaves coulld not produce as much food muterial
for growthh of the tree or for the production of frult in

the low fertility plcts as did those in the high and medium
fertility plots. Cn the seme basis, the trees in the medium
had less chlorophyll than those in the high fertility plots,

Chliorophyll values arranged according to mulches and
cover cropsa, Figure 8B, showed that leaves on trees receiving
pea vine mulch had the highest amount of chlcrophyll during
the entlire growing seascn. On the other hand, trees growing
in the Ladino nlots, except for the one collection period
in Aurust, had the lowest leaf chlorophyll values throughout
the season. Chlorophyll values for straw and bluegrass were
between tlhiese two extremes.

The relationship between fertility levels and mulech and
cover crop treatments as measured by leaf chlorcphyll is
illustrated in Figure 8C. 1In the high fertility plots, the
bluegrass plots produced significantly higher chlorophyll
values than the straw plots, but there was no glgnificant
difference in the other mulch and cover treatments. At the
medlum fertllity level, the Ladino plots had somewhat lower

levels than those for the other three cover treatments,



which were practically the sam:, At the low fertillity
level, the chlorophyll valucs with rea vines wers much
higher than the other cover treatments, This effect of
p6a vines on chlorophyll values at the lower fertllity
level accentuated the value of this legume mulch wilch in

itself supplied considerable nitrogen to the tree,

ﬁitrogenz Table XI presents the total nitro,ien content
of the leaves, in percentage of dry weight, at the four
sampling periods in 1949. The data are tabulated according
to mulch, cover crop and fertilizer applications,

The nitrogen content of the leaves was again clogely
agsocliated with fertilizer apvlications. The average
figures were 1.99 for the high, 1,88 for the medium and
1,63 for the low fertility levela. The differencé between
these values wag significant at the one percent level.

The percentage of nltrogen in the leaves was highest
in June and fell continucusly until Octcrier. The differences
between the average values in June and August and betwsen
those in September and Octcber were significant at the one
percent level but the difference between the August and
September values was barely significant at the five percent
level, Throughout the grcwing season, the average values
for the high and medium fertility plots followed the seme
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



TAZLE XI

PERCENTAGE OFF TOTAT, WITROGN Il UHe DRIED LBATES DURING 1949 WiTH
RISPECT TO FMRTILITY LEVELS AND JR0UNJ COVERS

Fertility Ground cover — e
level June 7 Aure 1 Sept. 15 Oct.. 19 vera,e
High Pea vine 2.26 1.95 1.90 1.79 1,737
Straw 2.07 a7 1.48 110 1.31
Ladino 2.22 1.2 Y.ED 1.42 1,96
Bluzsrass 2,27 1.49 1.91 1.80 1.9%
Average 2.19 1.91 1.8% 1.82 1,25
Medium Pea vine 2.12 1.84 1,8} 1.72 188
Straw 2.10 1.59 1.88 1.76 1.91
Ladino 2.00 1.79 1.78 1.70 1.82
Rluesrass 2.0 1.90 157 1.78 1.90
Average 2.07 1.8G 1.84 1.7 1.38
Low Pea vine 1.92 1.70 1.62 1.56 1.79
Straw 1.79 1.07 1.9 1.@9 I.QL
Ladino 1,53 1.51 1.460 1.?; 1 QO
Bluegrass 1.08 .87 1.2 1.0 1.86
Average 1.61 1.56 1.55 1.51 1.53
Total Pea vine 2,10 1.83 1.79 1599 1.85%
Straw 1.79 1.81 1.78 1.59 1.52
Ladino 2.02 1.77 1.71 1.;8 1.79
Bluerrass 1.98& 1.79 1.77 1..6 1.50
A1l Averarse 2,02 1.B0 1.76 1.08 1.52
Fertility Date Cover
LiSade Y 0.035 0.0L1 V0Ll

1 0.047 0.054L C.O8Y4
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October aralyses, The valuesg for the low fertility slotbs
were considerably lower than those Cor the other nlota and
they dropped continuously at each sampling period,

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

In crder to obtalin a better understanding of the tree
performance, the nltrogen dats was also expressed as milli-
grams per leaf, Table XII. On this basis, the values gave
a mcre 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 4.70, 4.12 and
3.35 mg. of nitrogen per leaf. The average values for each
collection date maintainsd the same relationships between
the three fertility levels as did the percentage figures,

but produced gquite a different type of curve, Figure 10A.



APLE XTI
MILLIGRATS OF NITHOGSN Pt LEA. DURING THE 1949 SEASON TI ‘C<IAT 10U
TO FERTILITY LuVeLS AID CROUND COVIERS
. (- . Date
Fertility  fround cover  eemeeeee e e Avera ;e
- . - d >
level June 7 Anre 1 Sept. 15 Oct.. 15
Hi-h Pea vine 15 T SenT L.1lh TS
St Taw “{"";;!)l “*'7h }¢~75 3.76 L.\.‘B
Ladino L. Tl o2y 2WBY L.75
Bluegrsss LLBE 1. R? Leb) Loll Lo
Average Lok L.73 L.76 3.97 11,70
Medium Pea vine bl "e72 Le77 3.90 Lﬁhé
Straw hoh7 LLG87 hJoh? 276 ,38
Ladino B 3.181 3.832 2,09 3..5
Bluegrass 30T Le 55 1. 03 2.2 3.99
Avera o .19 L9 .38 3.52 Liol2
Low Pea vins 1126 .33 e 26 3.11 2,99
Straw 3.15 3.27 2430 2.52 303
Ladino SN 3.57 3.1 2 a3l 2422
Bluegrass 2.3 5.38 2.51 2,08 o

Average 3.33 3.54 3.24 2.82 3.25

Tobtal Pea <ine o2 .71 L.70 3.72 L.l
Straw Li .09 L.19 L.21 2.5 )’.9(’3

Ladino e lly hel5 3.26 3.27 j.?b

3luegrass 1.75 .25 L.11 207 W2

A1l Average Lols Le3l h.19 2,10 03
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The values in the high fertility level were practically

the same through the September 15 analyses but then drconed
rapldly in October. 1In vcoth the mediwn and low fertility
plots, the values rcse rapidly from June to fugust and then
declined, those for the medium fertility sli htly, but tiose
for the low quite rapidly. This maintenance of the total
nltrogen 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 {lgure until September and then
declined rapidly.

Since the leaves in the pea vine plots were much heavier
than those frcm the other ground cover trestments, the super-
lority of the pea vine mulch was accentuatea. All values
with this pround cover were highest both in relation to date
ol collection and to fertility level, Floures 10B and 10C,
The average value for the pea vine plots was L4l mg. as
compared to 2.96, 3.88 and 3.82 mg. for the straw, Ladino
and bluegrass plots, respectively. The greatest difference
occurred in the low fertillity plots, Figure 10C. Although
the dirference was less striking, the welght of nitropgen
per leaf in the Ladinc plots in the low fertility level
was greater than that for the straw or bluegrass plots.
Again, the legumes seoemed to glve additlonal nitrogen to

the tree in the low fertility plotse
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Toavrpalatioe satdserns Lo ,‘!(-ti[._|."f'r P A L0
nitrosen. The percentage of Yt re cr in btne Lonvse vz
=z L

- 0o, . e [ H v ~
clogely massoci- %ol sith bhie ofloroouyll veluno. Troo o vloo-

lation beotween these two sebz ¢f uoba sas very nicn [op soc
collection neriod, Teavle XILL, ranging from = . ,00 at tie
hepinning of the gca2ason to &+ .92 ab the ono,  hen all of
the data were consldzred togetihier, the corrslati-i gas + ¢ ,.70
Tals rel-tionstiin wns “isher than that found In 1947, wiilch
may be explalined by the fact thabt thas study had continued
for two additional years and "ho d4i " Tervnces In tree viror
had oceen somswhat stabilizo:d.

Thers wae some= correl tion 2otween lcaf woel L ana
nitrogen when the dabts ware considereda [or s-eh collaction

neriod, Lo aluss vor;liao, from 4+ CL.p7 te + T000, 0 T easll

>

leayes whilch containcu a lavge amount of nltro.en at hhe

s

be;innin;: of the summer, nowever, roecduced tue corrcelations
to + 0.31 wher ail ¢ the deot» r2re consiasrea togx
Thers was nigher correl-<atlon between leat wu=lpoht and
chloronhy7ll than bhetween lcafl jeigsht and nitrosen. ine
values {or each ~ollection nericd ranced ffrom + ., to
+ 0,72, and when all the data were consldered Soszther tne
value was + (0,50,
In th 1i.ht ¢” these correlntions bthe chliorophyll
conbent of the leaf, which can be a relatlvely sirnle uster-

wminnttion, would epovar te be a faivly accurabe ifnoicabion

of the nitrojen content of the lenf, The use of chlcrophyll



TADLE ¥iil

CORRTLATTION SETYERY ULDAT WEIGHT, CHLOROPIVLL 3D
SITROGET LW 1949
. Yitrogen and Nitrogen and Chloroohiyld zuid
pate chlorophiyll leai weight loaf wolglh
Ju]’lk) 7 O.(}S O.é’..l.. Oo 2
Aupust L 0.9 047 Gl

A

Jctover 1% 0.92 0,50 0.66
All Jdata 0.99 D31 0,59
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TABLE X1V

ANNUAD YIHELC PR TR%w ACCCRUING TCOC THE cL2TILITY
LoviLS AND ROUNuU COVLRS

Fertillity Growul cover 1946 SLT 1942 1G49  Tctal  Agoo:
level (bu.)  {bu,) (bw) (bu.) (dDu.) 19, <49
(e
High Pea vine 1.61 1.96 1.%52 12.06 19.66 ., .00
Straw 1¢32 2,91 1.01 12,70 16. 84 e 21
Ladino 1.57 1.1i J.Ju 10,96 1u.32 4. (0
Bluegrass 1.77 1.73 2.25 12.76 1¢9./1 L 3
rverage 1.59  1.73 1.6 12,40 17.h5 Lo 36
Moedium Pea vine 0.73 0,53 1.32 9.12 1.59 oL02
Straw 1.5 2.6 1.2 1243 18.74 Lend
Ladino 1.15 0,70 0,94 B.32 11.50 7,90
Rluegrass PJlb 2,29 0,60 1,,083 19,12 L7323
Average 1.2 1.49 1.02 11.35 15.,2¢ L2
Low Pea vine 1.75 0.93 0.93 iu.32 92 2005
Straw 2.18 0.51 0,48 7.00 0.26 Ze 5
Ladino 4.3 0.73 0 0.51 ULUAT 1L,.05 0 Su0h
Bluegrass 1.32 0.29 (,33 b8 Te22 P30
Average 2,17 0,52 0,55 7.7 11.15 2479
Total pPea vine 1.39 1.16 1,30 11 13 15.0h  3./6
Streaw 1.583 1.57 0.92 L8 17,136 Setl
Ladino 2,06 0.86 0,93 9.»p 2,70 2o
Aluezrass 1.76 1.52 1,05 10.44 1L.76 Y69
A11 pverage 1.72 <29 1,05 10.54 1h.71 355
Fertllity Jahe Cover
L.3.D. 5% 0.383 1.012 1 012

1% 1.168 1.349 . 349
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parcent level, in the four year avera e yields bstween the
high and low fertility plots., Tnere was, however, no signifia=-
cant difference betweesn the ylelds on the high and medium
levels, and =« significant differsnce at only the five nercent
tevel between the yields on the medium and low fertility
0vi0hs .

vuring the first three years the yields were so swmall
that tliere were no difrlerences betwsen the values for the
cover and mulen treabtments. In the fourth yesar, the higher
ylelds made some differences evident. The trees in the pea
vine plots nad the highest yleld, averaging 11.18 bushels
ner tree and the Ladino, the lowest, ©.35 bushels. Conslder-
Ing all data together, the relatively high yields in the
straw nliots for the first two years, made the values higher
than those for v»en vine, There was, however, no statistical
difference between the values for pea vine, straw or vlue-
srass, The yiel.ds from the Ladino »lots were lower than
that from straw at the one percent level and from the pea
vine at the five percent level.

The relstionsuip bebween the fertility rates and yilelds,
found when all covers were considered together, did not
hold for the individual covers and mulches, Filgure 118.
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 fertillity

plots and both pea vine and Ladino plots yielded more fruit



in the low than in the mediwa fertility level. Strav and

.

especially bluegrass, wnich added no nitrogen to the scil,

produced very small yilelds in the low fertility level,



ECONOMIC APPLICATION

The evaiuation of a rejuvenatlon progran would not be
complete wilthout a study of the costs involved and che
financial beneflits from increased returns. Such a study
should be compared to the cost of replantin: the orchard
plus the loas of income during the years when the tress
Were growing to maturity.

The operating costs during the four ysars of this
study varied according to the fertilizer applications. Tae
approximate overall cost per tree for material and apnli=-
cation of the sprays was $11,00 (17); for oruning, culti-
vating, etc,, $1.50, making a total of §12.50 per treec.
This would be the total cost In the low fertllity plots,.
In the high fertility plots, the cost of the extra lertli-
iizer was 35,00, Thus the totel cost for the four-ycar
period would be $17.50. The trees in the medium fertility
plots had half the additional fertilizer, so the cost in
those plots would be about $15.00.

The resurn also varied with the fertility n»nlots.
Table XV shows the vrices paild during the time of the study
for the various gredes of apples and the avers;e amount
received per bushel each year. The grower thus recelived
an average of $1.16 per bushel and paid $0.1% for plcking,

leaving a net of approximntely $1.,00 per bushel.
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Considering the total four-year yiald, the low lertility
trecs produced 11.17 bushels auring the four-year neriod,
which would cause a loss tce the grower of 41.35 per Lres
($12.50 = $11415). The high fertility trecs poduced 17.45
bushels over the same poricd, g;iving the grower j17.45 ner
tree, which would just about pay cne cost of production,

Presuning that the trees would continus to producs
at least as much as in 1949 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 /.58 per tree pef year (7.71 bu. or $7.71 =
$2.13 the cost of producticn) after the loss of $1.35 had
been absorbed. O©On the same basls the tress in the high
fertility plots would net the grower approximately $U.30
per tree per vear ($12.68 - 34.38). Therefore, after the
original costs were paid, the high fertllity 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 usc
of large amounts of fertilizer 1s to pull out the cld trees
and replant the orchard., The expenses to be consldered
would be tree removal cost of $l.41l (26), cost of buying
and plarting a new tree of $0.70, spray costs of B0l (17)
and fertilizing, cultivating and pruning costs of 30,50,
making a total of approximately $3.05 per tres for the four-

year period.



Although the above figures are quite approximate,
they provide a basis for deciding on the course of ~ction
to follow. As polnted out, the o0ld renovated btrees in the
high fertility plots could return about $2.30 ver tree per
year after the four-year neriod, 1In 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 cohsist of old trees, which would
have to be continually forced into production and eventually
would have to be pulled out and new trees planted. I the
young trees had been planted when the experiment started,
they would have been well established 1n the four=-year
period, although i1t would be several more years before they
would produce enough frult to pay for the original cost and
the upkeep during the early years of growth and give any
proflt to the grower. After 8 to 10 years, the young trees
would be producing as much and probably more fruit than the
0ld treeg and the production costs would be somewinat lower,
Then the orchardist would realize more profit on the young
tree~ the Su Fh I §

Tha economic aspects of rejuvenation, therefore, would
denend on the financial regquirements of the grower. TIf it 1is
essensial that he maintaln his immediate sarnings, a rejuve-
nation program would be advisable. If, on the other hand,
he is in a position to forgo some of his immediate income

and follow a long term plan, a tree removal and replanting

srogram should eventually lead to greater orofits,.



DI SCUSSTON

All the results described in detail in the foregoling
sections »point to the fact that the positive and definite
re juvenating effects obtained from the use of fertilizers
were in relation toe the amount of fertilizer used. To¢ a
somewhat lesser extent, improvements in tree vigor and
vyield were also obtalned from the use of mulches and cover
cropse. In addition to thess clear-cut results, there were
several inter-relationships which should be pointed out,
£s the tree absorbs nutrients, the first resnonse is usually
in the vegetative parts, which include the leaves, btrunk
and shoots. By means of thls growth there is an accunu-
lation of storage material in the tree which will eventually
nroduce new axillary buds, Since it takes two years to pro-
ducse a blossom from an axillary bud, the effects of [erti-
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 resnonses to fertilizers was tiat
of cover crops, wihich showed a differential ecffect in 1947,
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 applicrtlons of fertilizer

in a relatively shcert time, The fact that there was little



difference in cover cron growuth between the Lilgh snd tae
mediun fertility plots but considerabls difference betweeon
the medium and low »nlohts for botii Ladine and bluegrass,
snowed the need for phiwsv»aorus and rotash in the cover cron
plots. The hilgh and medium fertilizer applications cone
tained “oth phospliorus and notash, whilc the low fertilizer
applications contained neither, These elecments, as well as
nitrogen, were there’ore needed for sadeyuate cover crop
growth,

Congidering the growth ol the tree itself, the trunk
cross sectlional area and shoot growth responced to the
fertilizer treatments at different times. The percentage
increase in trunk area showed an immediate response in the
first year, the values being »roportional to the amount of
fertilizer applicsd. At the same time, the shoot growth
measurem=nts were not proportional to the amount of ferti-
lizer aovnlied, bubt were apparently influenced by the criginal
condition of tho trees. After the sescond year, shoot growth
showed the same proportional relationship, although the
actual downward Lrend was rot checked until 1949, when
recovery of shoot growth was rzally apparent. 1In the
first three years of the experiment when the shoot growth
was very small, the percentapge increase in trunk area in
each fertility level continued at about the same rate,
Figures 4 and %, In the final yenr, when there was consider-

able shoot growth on each fertility level, the trunx arsa



-

increase was smaller than in the previoas jeur -,

Dy the second yeur, 15,7, the leaves of the trees bad
also resneonded in oroportion to the fertiliser appllcnaticuac.
Mean figures for dried welght c¢i the lecaves and oy
chloroohiyll and nitrogen conbtent all showed tnic relatlione
shipe When these values were compared wilh one 219o5her,
only total nitrogen and leaf weligcht were fcund te L2 stabis-
tically correlsted. 1In 1949, Jdabta again show-d tl.at leaf
weight, chilloroxhyll ana niltrogen values respconded in ~ro=
porticn Lo tho amounts of fepcilizer uced, but to an even
greater extent than In 1947. In 1949, tha correlstion

between total nitropgen and culorophyll was 0,90 “cr all

A=

data toether, and thus was more slpniflicanc than 1n 1947,
Correlstion cetwsen totnl nitrogen and leaf welght was
about tue same ss for 1647 at the same sam=llng pericds
The relationshiiy between leal uelght and chiloronnyli was
grester in 1949 than in 1947 but still wWas not statistically
significant,

A comnarison of the actucl valuss Uor loafl analjyses in
1647 with these for 1949 showed thst all the tress had lni-
sroved in vigor with the varlous treatments. The dry welght
of the leaves was much greater at the latter date. The average
value for the low Cfertility in 1949, 200.4 wm,. 2or leal, was
higher than the average value for the nipgh Yertility level
in 1947, 12943 ng. per leaf, The chlorophyll content per

square centimeter was approximately the same in the two



years, but since the leaves wars larger in 1949, the total
chloroslyll contoen® of the leaves was larger., In 194.%,
the oercenta e of nitrogen fer cach feprtiliibsy lovel was
censlderably avove that in 1947. As with leafl Wwelpht, bhe
percentage of nitrogsen for the low Fertility »lcts in 10LC
was higher than the percentage of nitrogen in the high
fertiiity pleots in 194,7.

Tre increased percentzpe nitrogen together with the
increased leal siuze accentuated the total amount of nitrogen
nper leaf and consequently the differences vetween treatments.

Finslly 1in 1%49, yield responded to the lertilizer
treatment. The light cron In the first three years of the
experiment made 1l lmpcssible to detect yielcd differences
during this early nericd. The higher yields in 1946 were
directly related to the amounts of fertilizer used. In
the game yesr and inr 211 fertility levels, snoct growth
increased more thar in any previous year 1in the experiment,
wirtile the pnercentage increase in brunk 2area was smaller than
Cor any n»nreviocus year since 1946. These data serve to
sinchiasize the inber-relsatlionship between the various parte
of the tree and their eflfect on tree nerformance.

Wnen the verious covers were considered senarately,
there were apparent dlscrevancies in ylelds from the three
fertility plcts. These ma; be explained, 1ln part, by a

careful comparison with shoot growth, trunk area and leaf

analyses. The increased yield from the bluegrass and straw
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in the medium fertility slobts, as sncan ir Flpure 115,
may be asgcocisted with the hipgher increace in “runk 5005,
according ko Misure S8, and the hisher sctual shoot growdtng,
ac 3nown In Table IV and Fipgure LC. This larger shoot
growth and trunlt area incressc may in turn 2e assocclated
with the rel:wtively larger leof welpghts and the higher
amcunts of nitrogen found in the leaves frow thsse slobo,

There was o similar reletionship for the Ladino angd
especlally for pea vine treatments in the low fertility
vlots., ¥Yield was higher than in the straw and “luegras
plots and may have been related to the higher percentage
trunk arez increasse and higher actual snoot growti. These
values may alsc be associated with the greater weipht and
rltrogen content of the leaves,

Among the mulch and cover crop treatments, pea vines
werse ocutstanding in their effect on trec performance. This
mulching material oproduced the ;reatest average value for

shoot growth snd trunk area increase as well as the largesst

leaf weight, chlorophyll and nitrogen valucs. This effect

N

was much more apparent in the low than in the high fertllity

plots, Ladino was less effechtive than pea vines, but beftter

than straw or bluegrass in increasing these measurenents
in the low fertility plots,.

A Turther improvement in the general condition of the
tree was shown by the greater leaf weight found in 16,29 as

compared to that in 1947. This improvement, however, was



not the seame for all mulcass and cover zrons, ner fov all
“ortillzer lsvels, as siown in Ta.le YVI. The pea vine
plots produced thie largest incroase of leaf velsht, 111,59 ap.
per leaf, as compared to 103,00, 59,1 and 2.7 for the blue-
grass, Ladino and straw plots, respectively., The pes vincs
alsc maintained this incrsase ia leafl weighs nt the three
fertilizer levels, indicating that tiis mulching material

had a decided effect on leaf wei ht increase at all three
levels of fertility.

In consiaering the overall picture, of utmost importance
is the effect tnat the various treatments had on the hecalth
and vigor of the leaves, The dry welgnt, =as previousliy
noted, had increased on each fertility level in 1649, belng
almost twice as heavy ag they had been In 16Gi;7. Ia each of
these two years the ciiloroohyll pzr squars centinmetosr remsined
epproximately the same, varying conly 1In relatlon to the
fertility level., The pnercentage of nitrogen in the leaves,
on the cther hand, was hipgher on each fertility level in
1949 than it had veen in 1947. Therofore, the total awount
of nitrogen in each of the heavier leaves was considerably
greater in 1649 than in 1647. These facts all indlcate
that the condition of the lesvesg had made a aeclded 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 arsea

had increased and the tevminal growth was greater. Thus the



TARLL *VI

LEAF VEIGHT INCRIASE I'ROM 1947 TC 194G “ITHIN THE

DI FFERENT PFERTILITY LEVELS

AND

GROUND COVERS

Jelght per leaf

Grecund cover IPFertility level Lverage
High Me dium Low
(mee) (mi-e) (g, ) (mpe)
Pea vine 14L3.0 133.9 147.5 141.5
Straw 99,3 92,0 A7 a2 88.5
Ladino 117,1 83,9 60,72 39.1
Pluegrass 134.0 101.7 82,2 103.0
Average 122.9 1044 92,0




trees had recovered sufficlently te nroduce wetter rields

»/

in 1649 and to continue their improvement in future jyear:z,



SUMMARY

Treatments which were desined to rejuvenste an old
apple orchard included the use of threc rates of fertilizer
npplications which crosszed over straw and nea vine =uleh
plets ard Ladino and bluegrass cover crop plots. Results
were recorded in the field by means of shoot prowth, trunk
clrcumference and yield of the trees, and by welghts of the
cever creps. In the laboratory, dry weight and chloroshyll
and nitrogen content of the leaves were determined,

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

The effects on jrowth were in oroportion to the amounts
of fertilizer used.

The increase 1n leaf weight, leafl nitrogen and chlcro-
phyll stimulated tree growth which in turn increased yleld,

Armong the mulch and cover crop treatments, pes vines
were outstanding in their beneficlal effect on tree perform-
ence., This effect was more apparent in the low than 1in the
medium or high fertility plots.

A program of rejuvenation as conducted under the con-
ditions of this experiment, woull give temporary economic
penefits., Over a long period of time, however, a tree

removal and replanting program might be more profitable.
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