Annual Report of Accomplishments in 1958

Walter E, Ballinger
Assistant Professor

I Project S-151 - Peach Pruning, Nitrogen and Irrigation Studies with
Mr. Ao H. Hunter, Soils Department, as Co=leader.

The objectives of these studies include: the determination of the effect of
different levels of pruning, nitrogen, soil moisture, snd their interactions, on survival,

growth and fruiting characteristics of peach trees. The Elberta and Redhaven variety

/

trees were planted in January, 1953, in a factorial design which is shown in Figure
Three rates of pruning were followed, light, medium and heavy. These descriptions relate
to the amount of wood which was removed each year. In addition, three rate of nitrogen
were applied per tree, i.e., 0.36, 0.72 and 1,44 pounds. Additionel nutrients of
phosphorus and potassium were applied to bring the complete fertilizer ratio to thet of
an 8-8-8. Three quarters of the nitrozen and all the phosphorus and potassium were
applied in Merch. The remesining nitrogen was applied in August. Concurrently, one-half
the trees were irrigated the other half was not.

The fruit was hand thinned to provide a uniform distance between fruit rather than
a given number per tree. Ten randomly selected shoots were used for terminal growth
measurements and trunk circumference was measured early in Msrch prior to pruning.

Yield records would have been possible in 1955 bad it not been for a severe freeze.
Some records were taken in 1956. The crop in 1957 was a large one and excellent records
were obtained. These have been snalyzed statistically and are reported herein. Another
crop was harvested in 1958. However, this year was not as productive as that in 1957
due to the severe infection and almost complete defoliation by the bacterial spot disease.
In addition, brawn rot was a problem resulting in the dropping of large numbers of fruit
to the ground in some sections of the planting.

Fruit was hervested by commercial picking crews which were employed and supervised
by station personnel. The peaches were harvested on Monday, Wednesday and Fridays and

weighed at each picking. A random sample of 25 fruit was taken for determinations of
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Rows 1, 2, 3, 10, 11, 12, 13, 1, 15 are Elberta on Lovell or E. /V

Rows L, 5, 6, 7, 8, 9, 16, 17, 18 are Redhaven om Lovell or R.
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fruit color, size, and weight per fruit. Additional samples of 25Arandomly selected
fruit for holding and pressure tests at Raleigh during the peak of harvest in 1957 for
Elberta and Redhaven, and in 1958 for Redhaven only)due to the severe defoliation and
depreciation of fruit quality by bacterial spot on the Elberta trees. These fruit were
placed in cold storage chambers maintained at 65°F and a high humidity. Semples for
pressure testing were subdivided into lots of 4 fruit sach, These lots were pressure
tested on two peeled cheeks every other day until completely ripened. The other 25
fruit samples were placed in small, flat trays, lined with brown wrapping paper, which
were stacked in the refrigerated room. The peaches were allowed to remain under these
conditions until sufficient differential rotting occurred. Counts wers then made of
the number of fruit per sample with all sorts of rots, and the number with brown rot
only. Results were expressed on a percentage basis.

Maturity data were coded by multiplying the percent of fruit harvested on a given
date by the number of days that date occurred after the first pickinge. The products
of the calculations for each picking date were added and consequently divided by one
bundred. A small maturity coded msturity date indicates early maturity end, conversely,

a large one indicates late meturity.

Results and Discussion

The results presented herein were analyzed by the Statistics Department section
headed by Dr. Mason. Single factor effects were determined, as customary, by pooling
all the data other thsn that under consideration. These are the results of the 1957
harvests only, Data for 1958 and 1956 are currently being prepared for issue to the
Statistics Department for analysis.

. Yield. As-seen in Table _/ , rate of nitrogen hed only a slight effect upon yield.
An increasé in application from 0.36 to 0,72 pounds of nitrogen per tree inecreased

yield by .19 pounds per tree. An additional increment to l.44 pounds per tree, however,
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Table / ., Effects of pruning severity, rste of nitrogen end irrigation upon the
fruiting characteristics of Elberta and Redhaven peaches, Data based on
1957 harvests of trees planted in 1952 = 1953.

Percent Fruit Sizes
Yield surface Total (diameter in inches) Coded
(1bs./ having No. Under Over 2 to Over Maturity
tree) red color Fruit 2 2 21/ 21/4 date
Nitrogen rate effect
Rl 150 18.8 676 88 587 458 129 58
R2 169 1742 45 103 6h2 452 190 5.49
R3 157 1643 687 78 609 4420 189 5431
L.SDe 5% 14.2 0.57 N.Se NeSe NeSs N,Se 379 <345
L.S.D. 1% N.S. 0.78 5149 473
Pruning severity effect
L 183 20,6 837 125 712 558 154 Leb2
M 152 18.1 692 90 602 438 165 5.00
H 138 13.6 579 55 524 334 190 5475
La3eDe 5% 12.9 1.16 59.7 26.3 L49.8 42.6 23.7 «283
LS.D. 1% 17.2 1.55 79.6 351  66.h4 5648 N.S. 377
Irrigation effect
I 169 177 740 92 647 450 196 Sell
N,I. 149 17.2 666 87 578 436 143 5.11
L.S.D. 5% NuSe NJ.S. NeSe NeSe NeSe NeSe NoSe NeSe
L.S.D. 1%
Variety effect
Elberta 164 10.7 662 27 633 389 245 428
Redhaven 153 2.2 Th 152 591 498 ol 5.97
L.S.JD. 5% 8.0 5.08 NaSe N.S. 22,2 NS, 142.9 521
L.S.D. 1% N.S, 11.70 NoSe NeSe 1.201
C.Ve 17 14 18 62 i g 20 29 12
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only increased yield by 7 pounds over the low level. Therefore, there seems to be an
optimum level of nitrogen above which a further increase will not return an equivalent
inerease in yield.

Pruning severity effects were more marked. Each increase in severity was accompanied
by a decrease in yield. These decreases were highly significant at the one percent level.
Irrigation effects were not significant although there was a meen difference of
twenty pounds per tree. The loss of effect was due to the ebnormally variation due to

replications. In way of explanation, relatively few applications of water have been
necessary over the past few years, They have averaged not much more than one or two
per season.

A varietal effect upon yield was apparent. Elberta produced 11 pounds more than
Redhaven, This difference was significant at the five percent level. No significant
interactions among any of the factors studied were found., There was an interaction
between pruning and variety which significently veried the number of fruit harvested
per tree.

Number of fruit. Rate of nitrogen had only a slight, insignificant effect upon the number

of fruit harvested in 1957. As was the case with yield, the second level, 0,72 pounds
per tree seemed to be more favorable than the highest level.

Pruning severity effects were quite marked. The lightly pruned trees produced
258 more fruit than the heavily pruned trees. Sinece the fruit was hand thinned to a
uniform spacing on the trees, this increase in number must undoubtedly be due to a
greater bearing surface and, conseguently, a larger tree., The difference in size of the
trees is quite noticeable visibly.

Effects of irrigation, as was the case with weight of harvests, were produced a
insignificant difference in number of fruit in favor of the irrigated blocks. Varietal

effects were also insignificant.
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Fruit Color. The percent of the fruit surface having red color was affected by all the
factors studied exeept irrigation. An increase in nitrogen rate as well as an increase
in pruning severity resulted in a corresponding decrease in red coloration which was
highly significant among all three levels of each. A varietal effect was particularly
slightly significant and substantiates a well known observation that the Redhaven is more
highly colored than the Elberta = more than twice as much, in fact.

A highly siznificant pruning variety interaction was found. 4&n increase in pruning
severity decreased fruit color more drastically with the Redhaven than the Elberta
variety. In the former case, color was decreased from 58 percent down to 36 percent while
Elberta color was only decreased from 24 to 19 percent as the pruning severity was

increased.

Maturity date. Ripening was delayed by increasing the rate of nitrogen. The second
rate, however, was related a greater delay than the third rate. Increasing pruning
severity was accompanied by a parallel delay in ripening. The maturity date for light
pruning was 4.62 while that for the heaviest was 5.75. This maturity date was further
affected by variety. Elberta fruit ripened closer to the first day of harvest kX than
the Redhaven. Irrigation had an insignificant effect upon maturity date. No inter-
actions were statistically significant for any of the factors studied in relation to
maturity date.

Fruit size. Rate of nitrogen had no significant effect on the number of fruit falling
into the following size classes: (1) under two inches in diameter, (2) over two inches
in diameter, and (3) from two to two and one~quarter inches in diemeter. However,
there were highly significant differences in the class of two and one quarter inches

in diameter and higher. Both the second end third nitrogen levels were associated with
about 60 more fruit in the class then was the lowest level of nitrogen. In general, it
would seem that the second level of nitrogen would be more desirable than the third
level which did not produce a significant increase in number of fruit in this latter

size class.
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The effect of pruning severity was much more pronounced than that of nitrogen
rate. Each increasé in pruning severity was accompanied by a highly significant decrease
in numbers of fruit falling in all classes except that of 2 1/4 inches in diameter and
up. The incresse in numbers in this class from 154 for the light pruned trees to 190
for the.heavily pruned ones was only significant at the 5 percent level however. In
general, it appeared that light pruning was most desirable.

Verietal effects produced no significant differences in number of fruit in the
size classes (1) under 2 inches and (2) 2 to 2 1/) inches. Significant differences
at the 5 percent level only were found in favor of Elberte in the classes (1) over
2 inches and (2) over 2 1/} inches.

Interactions found which affect fruit sizes were (1) a highly significant inter-
action between variety snd fertilizer for the 2 1/L inch and up category and (2) a
significent interaction between pruning and variety for the less than 2 inch size classe

There were no significant differences in fruit size due to irrigation.

Trunk eircumference. The only significant effect wupon trunk size:réll the factors

studied was that of nitrogen rete. Both the second and third rates of nitrogen increased
trunk size by approximately 7 to 8 inches in circumference. This agrees with the
observations of other workers that trunk size is a poor measurement of response to
various cultural trestments., These findings also agree with those found by Schneider

and McClung with Halehaven trees( See 7ald/e 2 D

Terminal growth. Length of terminel shoots was hizhly significantly increased by an
average of two inches by inereasing the nitrogen rate from 0.36 to 0,72 or from 0.36
to l.l)i pounds per tree. Consequently, the second rate seems to be the optimum one
from a terminal growth standpoint since the third did not inerease length over the
second. Nitrogen rates did not affect the lateral growth sppearing on these terminal

shoots. A highly significant interaction was found between pruning end nitrogen rate
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Table 2 . Effects of pruning severity, rate of nitrogen, and irri-
gation upon the tree growth characteristics of Elberta and
Redhaven peaches, Data are based on 1957 measurements of
trees planted in 1952-1953.

Annual
Axial Lateral
Trunk Weight of growth per growth per
circum- pruning terminal terminal
ference wood shoot shoot
(inches)
Nitrogen rate effect
Rl 13.2 12.1 175 369
R2 1440 15.8 1945 Te2
R3 1349 16.1 1945 T2
L.SD. 5% .65 147 1.30 NeSe
L.S.D. 1% N.S. 2,01 1.78
Pruning severity effect
L 13.8 11.8 1643 2.0
M 13.3 12.0 18.5 49
H 13.8 20.5 21.7 1l.4
L.8JD. 5% No.Se L1.66 88 2,63
L.SJD. 1% 2421 1.17 3450
Irrigation effect
I 13.9 15.9 18.9 6.6
N.I. 13.4 13.5 18,7 546
LD, 5% o34 NoSe NeSe Nl.S.
LS.De 1% NaSe
Variety Effect
Elberta 134 11.8 18.4 T5
Redhaven 1349 17.6 1942 L6
LsS.De 5% NeSe 2.48 NeSe NoSe

L.S.D. 1% 5.72

C.V. 9 2l 10 91



for lateral growth,

The pruning severity was associated with highly significent changes in terminal
growth. The more severely the trees were pruned, the longer the terminal shoots were
produced. This was also the case with the lateral growth appearing on these terminal
shoats. Neither irrigetion nor variety had any significant effects upon terminal
growth.

Pruning weight. There was almost a /4 pound increase in the weight of prunings from
the trees fertilized with the second rate of nitrogen as compared to the lowest rate.
A small but insignificant increase was also apparent over the second rate by the third
rate.

An increase in pruning severity was accompanied in all cases by an increase in
weight of wood removed. Approximstely 9 additional pounds per tree of wood was removed
from the heavily pruned trees than the lightest pruned ones. A relatively small
inerease in weight over the light pruning was affected by ‘the medium pruning, however.

More wood was removed from the Redhaven trees than the Elberta, which substentiated
general observation made in the field. Irrigation had no significant effect upon weight

of wood removed during pruning.

Fruit flesh firmmess. Nitrogen rate had little effect upon flesh firmness of Redhaven

fruite At harvest there was an insignificant difference with only a slight trend for
the fruit from the trees treated with the two heavier rates of nitrogen being approxi-
mately one-half pound more firm than that from trees with the lowest rate of nitrogen.
This situation continued at the time of the second testing, two days later. On July 9,
however, six days after harvest, an increase in nitrogen rate was associated with a
highly significant increase in firmness. This trend again continued, although insigni-
ficantly, until the last date of sampling. No real differences in rate of softening
were found, however, since the slopes or rengession coefficients were insignificantly

aifferent. Twibles 34 4 presente these dbsbev  ia—svephio—torn.
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Pruning effects on Redhaven produced highly significant differences in flesh
firmness both at hervest and at the time of second testing two days later., These
effects were found to decrease in intensity et the time of the last two testings on
9 and 11 July. A study of the regression coefficients reveals that the rate of
ripening of the Redhaven peaches is least for those fruit harvested from trees which
were lightly pruned. A significant rate increase resulted from the more severe pruning.
Heaviest pruning produced a further increase in ripening rate, although insignificantly
different from that of the medium severity pruning tree fruit. Irrigation did not
appear to affect fruit flesh firmness or rate of ripening. In general, these data have
yielded some extremely interesting trends which would warrant a more intensive study
in the future if time and manpower supply permit.

For the Elberta variety, there were no significant findings as was the case with
the Redhaven fruit. However, some of the same general trends which were found with the

Redhaven mey still exist and require more intense studies to bring them out into light.

Longevity results. No obvious trends for effect of treatment on tree longevity or
mortality are apparent as yet, other than the fact that more Redhaven trees have
succumbed to "winter injury" than those of the Elberta variety. Two Elberta and six
Redhaven trees have died thus far, Both the Elberta trees were heavily pruned, one with
the first rate snd the second with the third rate of nitrogen. Two of the Redhaven

trees were light pruned and the other four were medium pruned.

Holding studies. Upon the advice of workers in the Statistics Department, the results
of the holding studies for rots development were merely summarized and tabulated.

Thi; was due to the great number of lots which had no rot development at all. These
results indicated that any effects, if present, would need to be uncovered more
thoroughly in the future. In the orchard, a general observation was that more rotting
occurred on trees in the northeast end of the planting. A summarization of the results

of the rots developing in the holding studies, presented in Table 5 substantiated
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Table -J . Effects of pruning severity, nitrogen rate and irrigation upon the
flesh firmness of Redhaven peaches* in 1957.

Treatment

Nitrogen rate effect

LS.JD. 5%
L.8.D. 1%

Pruning severity effect

L

M

H
L.S.D. 5%
L.S.D. 1%

Irrigation effect

T

N,I.
L8D, 5%
L&.Ds 1%

C.V.

Pressure Test Averages Regression
Date Coefficient
L4 July 6 July 9 July 11 July (slope, b)
4.1 13.5 9.0 5.2 () 2.62
1h.7 T 9aly SoT (=) 2465
1.6 4.2 9.8 548 (=) 2459
N.S. N.S. oy NS, N.S.
13.8 13.3 9e2 55 (=) 2.44
1h.6 13.8 945 5elt (=) 2.68
15.0 1.7 946 548 (=) 2.74
B 7L NSe N.S. <117
.60 101 N.Se
4.4 13.9 9.3 548 (=) 2.54
1.6 14.0 9¢5 5.3 (=) 2.70
NeS. N.S NeSe NeSe NeS.
I 8 8 18 13

#Determined by use of a Magness~Taylor Ballauf Pressure Tester with a 7/16

ineh plunger.
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Table # . Effects of pruning severity, nitrogen rate and irrigation upon the

flesh firmmess of Elder:

Treatment

Nitrogen rate effect

L.S.D. 5%
L.S.D. 1%

Pruning severity effect

L.S.D. 5%
L.S.D. 1%

Irrigation effect
I
NJ.I.

LeSeD. 5%
LeS.D. 1%

CoVe

peaches in 1957.

Pressure test Averages Regression
Date Coefficient

6 August 8 August 10 August (slope, b)_
13.1 5.1 3.3 (=) 2.45
13.6 Seb 3ely (=) 2.57
14.3 Selt el (=) 2.72
NeSe NeS. NeS, N.S.
13.5 543 3e4 (=) 2.54
137 5e2 3k (=) 2.59
13.7 5¢3 3.3 (-) 2.61
NeS. N.S. N.S. N.S.
13.5 540 3.3 (=) 2.55
13.8 546 3elt (=) 2.61

.25 N.S. N.S. N.S.
NeSe

8 12 T 10
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Table 5 , Occurrence of Brown Rot and other rots in various areas of the
Elberta peach planting as percent of fruit affected after
storage at 65°F for 10 days.

Irrigated trees Non-Irrigated trees
Replication I Faly 2.7

Non=Irrigated Irrigated
Replication II 27 3.1

Irrigated Non-Irrigated

Replication III 10.9 L0
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this. Approximately 3 to L percent of the fruit in most of the blocks except the
irrigated replication III one developed rot. The rot development was latter blocke
This is undoubtedly attributable to the slope of terrain and the development of an air

pocket in that area which is conducive to rot development.

Summary of Peach Findings

l. Analyzed data for the 1957 harvests are presented and discussed.

.

2, Data for 1956 were only recently uncovered and are being set up with data for 1958.
These data will be sent to the Statistics Department for analysis as soon as possible.

3. Upon completion of analysis of these 3 years results, publication will be feasible
in the near future.

L. Increasing nitrogen rates increased yield and number of fruit at the second level
but did not contribute to a similar increase for the third level; decressed fruit
red coloration; delayed ripening; increased weight of wood removed by pruning;
increased length of terminal shoot and lateral growth on those shoots; and slightly
increased Redhaven fruit flesh firmness as measured 4 days after harvest.

5. Incressing pruning severity decreased yield (pounds per tree); total number of fruit;
fruit red coloration; number of fruit in size groups (1) under 2 inches (2) over
2 inches, (3) 2 to 2 1/l inches; increased fruit size in group over 2 1/k inches;
delayed maturity; increased weight of pruning wood and length of terminal shoots.
Incressing pruning severity also increzsed flesh firmness of Redhaven peaches as
messured st harvest and two days later; it tended to increase the rate of fruit
softening after harvest.

6. Irrigation had very little significant effect on any of the factors studied although
it significantly increased tree trunk circumfsrence.

7. There were several varietal differences noted: (1) Redhaven had much more fruit
red coloration (2) Elberta ripened more umiformly, (3) Redhaven fruit was a full

pound more firm at harvest time than was Elberta fruit.
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8. Holding studies revealed that fruit rot potential was more of a regional effect
of the environment in the planting then a treatment effect although further
studies may enlighten these present views.

9. No obvious longevity or mortelity relations to treatment are obvious as of date.
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Strawberry Sand Culture Studies

The yield per acre of strawberries in North Carolina has been extremely low for
Jmeny years. Nutritional status of this crop may be one of the contributing factors.
Therefore, a field survey would sppear a logical step prior to the formulation of
remedial measures. Before a field survey csn be initiated, however, the plant part
which is to be sampled must be previously determined. The objectives of this study,
consequently, were to:

(1) Determine which plant tissue will be best suited for use in field samplings

of nutritional status.

(2) Determine what effect the nutrient concentration of the nutrient solution

hss upon the nutrient content of the plant parts.

(3) Observe deficiency symptoms of the Albritton strawberry variety for future

reference in field observations.

(L) Observe this variety closely in order to become more familiar with its

growth characteristics.

Methods and Procedure

Strawberry plants of the Albritton variety were grown under send culture in the
greenhouse under vegetative conditions from February until May 9, 1958. Four levels,
zero, one-fifth, one, and five times that in a modified Hoagland nutrient solution,
of each of five elements, e.Zs, nitrogen, phosphorus, potassium, calcium and magnesium
were employed variably with the remasining four elements in each test solution
remaining constant. A more detailed description of the materials and methods is as
follows:

Plants., Strawberry plants of the Albritton variety were obtained from a grower
cooperating with North Caroline State College and the United States Department of

Agriculture in the production of virus and nematode free stock plants. To ascertain
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virtually complete fresedom from nematode infestation, small 2 1/2 inch clay pots
were taken to the field; the developing roots of young daughter plants were placed
in these pots on October L, 1957, while still attached to the mother plant., The pots
were subsequently buried up to the rim in the soil, Two and a helf weeks later when
the roots of these vegetatively vigorous plants were well established in the small
pots, the runners were severed and the plants transported to the greenhouse at
Raleigh, N. C. Overhead 100 watt incandescent lights were installed to provide a 16
hour day which, together with a 75°F day and 65°F night temperature, maintained the
plants thereafter in a vegetative condition.

Runner plants from these former field plants were secured in other sterilized
2 1/2 inch clay pots which were filled with quartz sand. By regularly applying a
Hoagland solution to the sand, rocting of the daughter plants was secured. This
method of test plant procurement allowed the use of plants whose roots were morphologi-
cally pre-adapted to the eventual rooting medium., The average weight of the test
plants was about 7 grams.
Quartz sand. The sand used for this study was obtained from nearby Lillington, N.C.
for a nominal fee and is commercially known as "Lillington white send". Saturation
of this meterial with concentrated hydrochloric acid and subsequent repeated leaching
of a similar sample with a .1 N HCl solution indicated a relative freedom of the
main elements being studied. Tests of the field capacity revezled it to be spproxi-
mately twelve percent. About twenty-five pounds of this sand were required to fill

each container used for the test plants.

Water. A "pure" water supply was obtained by passing tap water through a Barnstead
demineralizer., Chemical tests by Mr. Piland of the Soils Department verified that it

was satisfactorily low in mineral content of the elements being studied.

Planting Containers. Ten quart agus colored polyethylene "pails" (without handles)

were used. The exterior was painted with two coats of aluminum paint for the
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T osle Pepper and Strawberry Nutrien olutions Used in 1957-1958 0. Ml
P NCSC 1957
TA#c4E ——— . Milliequivalents Per Liter of Solution

Cations Total Anions Total
Soln, Ca K NH), H Cations HpPO Nog OH S04 Cl HCO3 Anions
=N(1G) 14 6 n 1 25 1 3 - 13 8 - 25
1/5N(2a) 10 6 L - - 20 1 6 - 10 6 - 20
1N(3G) 10 6 N - - 20 3 5 - 4 - - 20
SN(4G) o 6 4 30 - 50 1 b5 s L - - 50
-P(1B) 10 6 L - - 20 0 15 - 5 - - 20
1/5P(2b) 10 6 in - 0.2 20,2 0.2 15 - 5 - - 2042
1P(3B) 10 6 N - - 20 i 15 - n - - 20
5P(4B) 10 6 L 2.5 N 26.5 5 12.5 5 n - - 26,5
-K(10) 10 0 N 2.5 ) | 1745 1 12.5 - n - - 17.5
1/5K(20) 10 1.2 I 5 - 20.2 1 15 - 4.2 - - 20,2
1K(30) 10 6 4 - - 20 1 15 =3 i - - 20
5K(40) 10 30 L - 4 Vs 1 15 - 28 - - Ll
=Ca(ly) 0 6 L 5 - 15 1 10 - i - - 15
1/5 CA(2y) 2 6 " 6 - 18 1 13 - L - - 18
1CA(3y) 10 6 In - - 20 1 15 - N - 20
5Ca(ly) 50 6 L - - 60 3 15 - 29 10 5 60
-Mz(1R) 10 6 0 - 1 17 b 15 - X - - 17
¥5Mg (2R) 10 6 0.8 2 - 18.8 | 15 - 2.8 - - 18.8
1Mg(3R) 10 6 N - - 20 L 15 - N - = 20
5Mg (4R) 10 6 20 - - 36 1 15 - 12 12 - 36




Ta4é: —— Variations of Hoagland Solution Used * Strawberry and Pepper Plant Growth
Table L . Ml., of Stock Solutions to Make 18 Liter of Nubrient Solution
Na Fe Minor 4] MzSoy+ Powdered
Solution KNO3 Ca(N03)p, MgSOy KHpPO) EDTA El Mix HgP0) KpSO, CaClp KHCO3 KOH CaClz NH4NO3 CaSO)
Check 90 90 90 90 36 36
*0" Ca 90 90 90 36 36 90
1/5 Ca 90 18 90 90 36 36 108
5 Ca 135 90 90 36 36 90 90 23.2g.
"o" Mg 90 90 36 36 36 18
1/5 Mg 54 90 18 90 36 36 36 36
5 Mg 90 90 90 90 36 36 180
*0" K 90 90 36 36 36 45
1/5 K 90 90 90 36 36 4 90
5K 90 90 90 90 36 36 432
"o N %27 90 36 36 36 108 72 #%6,12 g
1/5 N 36 36 90 90 36 36 5l 9.3 2
5N 90 90 90 90 36 36 540
"Qnp 90 90 90 36 36 18
1/5P 90 90 90 36 36 7 18
5P 90 90 90 36 36 104 90 45

* A little N is necessary to keep the plant alive.

#*% You may substitute 2700 ml of a .02 N stock solution for this.

&l For #bic px/)(‘ruw.“i/l.

?

only

X oF #hese

amowunlS were usedo to ;’mp_ply /“/z/’jég—,



Directions:

Soln.

Tobla_ 3

Composition of Stock Solutions

Used for Pepper and Strawberry Plant Growth

C. Miller
W. E. Ballinger
1957-1958

Add the indicated number of grams of each compound to a respective

5 gallon carboy and bring the volume up to 18 liters with demineralized

water.

Compound

HE ogaw >

ARaHDmQ@

2

KN03

Ca(N03)2 . hH20
Mssoé

KH2PO)y

12% Fe Sequestrene
Minor element mix
a. ZnSO) . 7H20

b. H3BO03

co MnCl2 . 4H20

d. Molybdie Acid
e. CuS0), . 5H20
H3PO

CaS0), « 2H20

K250y,

KOH

MgS0y, . THp0 + MgCl,

NH)"‘NOB
CaCly . 2HZ0
KHCOB

Amt, (grems)

1819
4251

866

490
37k

o7h

00

#1440

9470
10.29
8.15
0.28
0.72

(612 ml, of

an 85% solution)

30.9
1568.25

112,22 (for 2 liters only)

295
2l

8
:0 (for 3 liters only)

1440.86

W41
300

(per 3 liters)
.33 (per 3 liters)

Resulting
Concentration

IM or 2N
M or 2N
oM or 8N
«2M or oN
5 ppm

ppm in tmbt.
(.25)
(+20)
(+25)
(+05)
(+02)

oSN or «5M
O

N

N

0.4M
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protection of roots from light. A one-quarter inch hole was punched in the center of
the bottom for drainage and a three inch watchglass was placed over it in an inverted
position to retain sand and yet allow for drainage. The pails were filled to within an

inch of the top with the gquartz sand and three strawberry plants were grown in each.

Nutrient solutions. A modified Hoagland solution, obtained with the cooperation of

Mr., E, Bergman of Michigen State University and Mr, C, Miller of this Station, was used
to provide the four differential levels of nutrients as shown in Table © , Tables
7 and S present the contents and the formulae for mixing up the sixteen different

nutrient solutions from the stock solutions used.

Experimental design. The randomized block design is shown in Figure Z , Four

replications of the five series of four levels of the respective nutrient under study

occupied four benches in the greenhouse section - one replication per bench.

The placement of each of the five series in each replication was made randomly; ‘
the levels within each series were also randomly located to reduce the effects of
environmental variations. Since esch series of four levels contained 2 complete
standard Hoagland solution each bench contained five and the four benches contained
twenty containers of strawberry plants which received the same treatment. This allowed

for a later statistical evaluation of the influence of light, heat and other environ-

mental variations within the growing area.

General. The test plants were placed in the containers and the experimental design
was initiated on January 21, 1958. During the early period of adjustment, a one-quarter
complete solution was applied. Leaves slready present together with those producead ‘
on the plant during this period were marked for identification and later removed to ‘
allow for eventual sampling of only leaves produced under the treatments provided.

The differential nutrisnt solution epplications were ipitiated on March 11, 1958.

Six hundred milliliters of either demineralized water or nutrient solution were applied
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N
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I Mg 2 Ca 3N 1P K |
3 Mg LCa 1N 3P 1K
2 Mg 30a 2N 4P 2K_;
1 Mg 10a 4N 2p K
1 Ca 3K 4P w ™
'3 Ca % 2p P i Mg
L Ca 1K 1P N 2Mg
2 Ca K 3P 3N 3 Mg
L
1N 3K 1 Mg 2Ca 4P
o 2K I Mg 4Ca 1P
1N 1K 2 Mg 1Ca 2P
3N 1K 3 Mg 3 Ca 3P
2p w1 Mg 2 Ca 2K
3P N 2 Mg LCa 3K
1P N 3 Mg 10a UK
4P 1N 4 Mg 3 Ca 1K

Door

Replication 1

Replication 2

Replication 3

Replication 4




be
twice daily, Nutrient solutions were applied on Monday, Wednesday and Friday after-
noons. No water was applied at these times. This procedure was used in an attempt to
provide a uniform rate of dilution of the nutrient solutions in the pails of sand in
lieu of a variable one such as would be obtained by applying water only when the plants
displayed symptoms of soil moisture stress. It was hoped that the effects of different
osmatic pressures of the applied nutrient solutions might be minimized.

As foliar deficiency symptoms zppeared, notes were taken of their description and
time of appearasnce, Finally, during the first of May, when sufficient differential
growth and quantity of plant tissue for analysis was evident, the plants were harvested.
Bach plant part, roots, crown, rachis (hereafter referred to as the petiole), left
leaflet, central leaflet and right leaflet was segrezated, weighed and counted.

Petiole length measurements were also taken. After drying in a forced draft ovem at
70°C, dry weight determinations were made.

Nutrient content determinations were made chemically by the plent testing service

of the N, C. State College Soils Departmente.

Results and Discussion

Observations during growth

Signs of low nitrogen effects were noticeable. The leaves of plants receiving the
lowest nitrogen level were noticeably lighter in color within three weeks after the
initiation of treatment. Signs of calcium deficiency appeared by April 10, 1958,
approximately one month after treatments started. A dying and restricted development
of leaves during the process of initial leaf expansion was evident on the minus calcium
plants. A necrosis wes evident in the plant "whorl" or growing point. Concurrently, a

"eollapsing" or water soaked appearance was visible along the edges of young leaflets

which were only two-thirds developed.
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On April 11, 1958 the plant leaflets of the minus potassium treatments displayed
a purplish, dsrk green hue. In addition, one leaf became water soaked and necrotic
in the area where the petiole joined the leaflets.

One of the minus magnesium plants older leaflets developed a bronze like color by
this date., Signs of necrosis and mottling were apparent in the central areas of the
leaflets. Four leaves were thus affected on only one of the replications. The plants
receiving five times the standard amount of magnesium also developed leaflet symptoms,
i.e. = a firing of along a narrow strip of the edges which closely resembled potassium ‘
deficiency symptoms on leaves of other fruit crops. By April 16, 1958, one week later, the
lowest nitrogen plants were distinctly stunted and definitely a lighter green than those
receiving higher nitrogen supplies. The 5 x N plants were likewise smaller than the plant
receiving the complete solution. The petioles were much shorter and the leaves were
fairly dark green in color - symptoms which somewhat paralleled those of the 1/5 x K
plant, Some lobe-firing was evident.

On this same date, a distinct gradient was apparent in the sizes of the plants
in the P series. In fact, the 5 x P plant was muchlarger and appeared much more
vigorous than the 1 x P plants. The minus P plant was by far the smallest.

The lowest K plant still displayed extremely short petioles, smaller leaflets, darker
color, and a necrosis of several petioles in the region of the leaflet junction. The
plants were smaller than those of the complete solution,

Calcium deficiency symptoms were rather severe at this date. The growing points
were critically checked and the plants were only one half the size of plants receiving
1 X Cas An increase in the number of leaf buds attempting to develop was noted.

Symptoms of magnesium deficiency more pronounced by this date, Many of the leaves
on the minus magnesium plants showed a bronzing in the central areas on either side of
the mid rib of each leaflet., Flant size was not appreciably reduced, however.

Observations were again made on 3 May, 1958, prior to termination of the experiment.

Pictures were taken of some of the outstanding deficiency symptoms.
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The 1/5 x N concentration also produced a lighter green color of the leaves.

The 4 x N plants were much smaller than the complete solution ones and, again, the
leaves were very deep green in color. Three or four leaves had distal marginal scorch-
ing of the leaflets. This may have been due to the extremely high concentration of
ammonium in this solution which either affected the plant osmatically or by inhibiting
the uptake of other cations such as K, Mg or Ca from the solution.

Some purpling on the underside of older leaflets was found on the minus P plants.
The 1/5 x P plants were only four-fifths the size of the 1 x P plants.

Potassium deficiency symptoms were rather severe on the minus K plants as typified
by the petiole necrosis, stunting of the plant, and the dark green foliar coloration
previously described.

Calcium deficiency symptoms at this date were also appearing in a mild manner on
the 1/5 x Ca plants. Tips of leaflets failed to separate during the unfolding of the
young leaves. The minus Ca plants were severely stuntéd at this time and were only

about one-sixth the size of the 1 x Ca ones.

Analysis of plant parts

The nutrient composition of the various plant parts sampled are presented in
Table /@ . These are the data provided by the Soils Depertment plant analysis service.
The key to these sample numbers is contained in Tabls_jl_.

The statistical analysis of these data provided some interesting results. Table

fi indicates that the fresh weights of the various plant parts varied considerably

as the nutrient solution was varied. The effects are as follows:

Roots. The level of nitrogen in solution had no significant effect upon the fresh
weight of the roots, For all of the other elements varied, the minus solutions decreased
root fresh weight on a highly significant basis as compared to the second level of /5

Hoagland. Further increases in nutrient supply, however, failed to significantly



Strawberry Nutrition Greenhouse W. E, Ballinger - Horticulture
Jab/e 9. Sample Numbers
Replication 1 (Bench 9)

Plant Tissue

Tmt. Central Left Right
No, Leaflets Leaflets Leaflets Petioles Crowns Roots
K level
1K 1 2 3 L 5 6
2K 7 8 9 10 11 12
3K 13 14 15 16 b . 18
LK 19 20 21 22 23 2l
P Level
1P 25 26 27 28 29 30
2P 31 32 33 34 35 36
3P 37 38 39 40 41 42
4P 43 L 45 46 L7 48
N Level
1N 49 50 5L 52 53 S5h
2N 55 56 57 58 59 60
3N 61 62 63 bl 65 66
LN 67 68 69 70 71 72
Ca Level
1 Ca 73 Th 75 76 7 78
2 Ca 79 80 81 82 83 8l
3 Ca 85 86 87 88 89 90
I Ca 91 92 93 9 95 96
Mg Level
1 Mg 97 98 99 100 101 102
2 Mg 103 104 105 106 107 108
3 Mg 109 110 111 112 123 11}
L Mg 115 116 117 118 119 120

Replication 2 (Bench 8)

Mg Level
1 Mg 121 122 123 124 125 126
2 Mg 127 128 129 130 131 132
3 Mg 133 134 135 136 137 138
4 Mg 139 140 11 142 143 1y
N Level
1N 145 146 147 148 149 150
2N 151 152 153 154 155 156
3N 157 158 159 160 161 162
L N 163 16l 165 166 167 168
P Level
1® 169 170 171 172 173 174
2P 175 176 177 178 179 180
3P 181 182 183 184 185 186
L P 187 188 189 190 191 192



2.
Replication 2 (Continued)

Tmt . Central Left Right
No. Leaflets Leaflets Leaflets Petioles Crowns Roots
K level
1K 193 194 195 196 197 198
X 199 200 201 202 203 204
3K 205 206 207 208 209 210
LK 211 212 213 21l 215 216
Ca Level
1 Ca 217 218 219 220 221 222
2 Ca 223 22l 225 226 227 228
3 Ca 229 230 231 232 233 234
4 Ca 235 236 237 238 239 240

Replication 3 (Bench 7)

P level
1P 241 242 243 24 2145 216
2P 247 248 249 250 251 252
3P 253 254 255 256 257 258
LP 259 260 261 262 263 26l
Ca Level
1 Ca 265 266 267 268 269 270
2 Ca 271 272 273 274 275 276
3 Ca 277 278 279 280 281 282
} Ca 283 28l 285 286 287 288
Mg Level
1 Mg 289 290 291 292 293 291
2 Mg 295 296 297 298 299 300
3 Mg 301 302 303 304 305 306
4 Mg 307 308 309 310 311 312
K Level
1K 313 314 315 316 317 318
2K 319 320 321 322 323 32l
3K 325 326 327 328 329 330
1K 331 332 333 334 335 336
N Level
N 337 338 339 340 341 342
N 343 344 345 346 347 348
3N 349 350 351 352 363 354
4N 355 356 257 358 359 360
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Replication 4 (Bench 6)

Central Left Right
Leaflet Leaflet Leaflet Petioles Crowns Roots
361 362 363 364 365 366
367 368 369 370 371 372
373 374 375 376 377 378
379 380 381 382 383 38l
385 386 387 388 389 390
391 392 393 394 395 396
397 398 399 400 401 1402
403 Loy 405 406 4o7 408
409 110 411 12 113 IV
115 116 117 n8 119 120
421 he2 423 42l 425 426
L7 428 429 430 431 432
433 434 435 436 437 438
439 40 L 4h2 443 Llly
445 L6 Lyt 448 LL9 450
451 452 453 454 455 456
457 458 459 460 461 462
463 L6l 465 1466 467 468
469 470 4§71 k72 473 L7k
475 476 477 478 479 480
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Strawberry Nutrition - Greenhouse

10 February 1959

Table // . Fresh Weight of Plant Parts in Grams
Level of Plant Parts
Nutrient Right Central Left
Varied Roots Crown Petioles Leaflets Leaflets - Leaflets
Nitrogen
1 25439 12,39 10.56 11.04 10.88 11.53
2 31.18 13.84 13.98 15,04 142 15.49
3 30.30 14456 16430 17.61 16.66 17.91
b 28,08 13.14 12,13 14.39 13.49 14,83
L.S.D. 5% N.S. NeSe 12.036 1.516 1.165 1.602
L.SJDe 1% 2,925 2,178 1.673 2,302
C.V. 19 9 10 7 5 -
Phosphorus
b1 17 .69 9.28 6413 8.95 8.65 8.98
2 29.48 12,16 11.89 12,89 12.40 12,94
3 26.99 14.28 16.35 17.06 16.33 17.61
N 28.07 14.55 16.99 18.18 16442 18.04
L.8.JD. 5% 6.3L9 1.214 2,688 1.337 1494 1.248
L.SJD. 1% 90123 1.744 3,863 1.921 2.146 1.793
CV. 16 6 13 6 7 5
Potassium
! 8.26 6.85 5.88 Te81 7.18 Te92
2 29,76 13.22 12,55 15,64 14,48 15.84
3 30.02 14.33 16,84 18.28 16.28 18.53
I 31.18 16,10 15.36 16.58 15.68 16.89
LS<De 5% 12.154 3456 3.522 6.704 34049 34990
L.S.D. 1% 17.981 5.235 5.060 9.632 14380 5.732
C.V. 29 16 17 17 1l iy
Calcium
| 12,29 10.15 3455 5.01 LoLsb 5419
2 30411 12.91 9.75 11.59 11.01 12,03
3 30.05 15.80 15415 16449 16.30 1716
L 28.53 1354 13.64 15.91 15.10 15.98
LS.Ds 5% 6.307 .319 849 2,618 .897 2,867
LeS.D. 1% 9.062 <459 1.219 3,762 1.289 o119
C.V. 16 1 5 13 5 1k
Magnesium
i 17.90 11.61 12.31 13.89 11.45 12.31
2 33.00 15.19 15.55 17.70 15.46 16.28
3 30.10 12,84 14.73 15.99 16.41 1758 &
L 30,04 13.88 15429 16.53 15.39 16.81
L.SD. 5% NeSe N.S. N.S. N.S. 3.052 3.790
L.S.D. 1% N.S. NuSe
C.V. 26 1k 13 12 13 15
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influence root fresh weight. Table /2 shows that the dry weight of roots followed the
same pattern as that of the fresh weight.

Crown., Nitrogen had no significant influence on the fresh or dry weight of the
crown in these studies. Each additional inerease in supply of phosphorus, however, was
paralleled by a highly significant increase in fresh and dry weight up to the third
level, A further ineresse in phosphorus did not encourage a proportional increase in
crown weight. Only the minus potassium plant had a significantly lower weight then any
of the other three in the series., Apparently, a small quantity of potassium is suffi-
cient for crown development above which luxury conéumption occurs. The same was true
for calcium., Increases of magnesium in the nutrient solution did not follow this
pattern significantly although a trend is apparent.

Petioles. In general, for ﬁost of the nutrients varied, the plants increased in
fresh weight up to the third level, that of the normal Hoagland solution. Increases
above this were not sccompenied by further increases in fresh weight. This indicates
that this solution is more favorable for petiole development. Variations of magnesium
levels had no significant effect upon petiole fresh or dry weight.

Leaflets., Relatively little difference in weight was noticeableof the three
leaflets, A possible trend indicates that the central leaflet is of a slightly less
fresh and dry weight than either of the two lateral leaflets, which seemed to be
approximately equal in weight. Considering leaflets as a whole, therefore, it is
apperent that leéflet fresh and dry weizht increased with a concurrent increase in N,

K and calcium content in the nutrient solution up to the third level. An increase
above this level actually decreased weight in many instances.

Conversely, it seems that increases in phosphorus up to the fourth level increased
fresh and dry weight of the leaflets. Responses to increases of magnesium above the
second level were rather inconsistent. Conclusions which may be gotten from these

results are that leaflets reflect variations in nutrient solution composition of most
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Strawberry Nutrition - Greenhouse

Table /2 , Dry weight in grams of each plant part group harvested and dried at

70°C,
Plant Part

Nutrient Right Central Left
Varied Roots Crown Petiole Leaflet Leaflet Leaflet
Nitrogen

1 Le22 2.71 2.28 3058 3.50 3469

2 Lbe79 2,90 2.90 4.81 4,70 Lol

3 5407 2.98 3.38 5485 5e62 5e92

L 3476 2,61 2.45 L.40 he21 Leitb
L.SsDe 5% .808 N.S. 496 649 481 .683
L.S.D. 1% N.S. +T12 <932 2691 981
CVe. 11 13 11 9 7 9
Phosphorus

1 3.82 2.27 1.81 3433 347 3.33

2 5426 2.67 2,38 L.48 La31 Le52

3 4e92 2.96 3.13 5459 5el5 5.7h

n 4.82 2.95 3e31 5487 5449 5.80
LsSD. 5% .682 .28 273 522 «395 »381
LS. 1% © 4979 «356 .393 <750 #567 547
C.V. 9 6 6 7 5 5
Potassium

b 2.16 l.hh 1.35 3.19 3,01 3425

2 458 2,62 2,71 Seld 479 547

3 5ed2 2.86 3.38 6.00 Befl 6.01

L 1188 2,81 3.02 5e22 5602 5429
L.8JD. 5% 1.237 .653 o727 1.233 2999 1.199
L8D. 1% 1.749 <939 1,044 1.771 1.436 1.722
cv 18 17 17 16 13 15
Calcium

3 244 2.60 0.93 2.03 1.85 200

2 Le52 2477 2,43 3.93 3467 4402

3 5.09 3.19 3421 5e6l 5460 5.76

i L8l 2,82 2.86 5.31 5412 5.30
LSDs 5% 562 <343 504 602 1.026 2930
L.SD. 1% .808 492 724 864 Lol7h 1.334
c.V. 8 8 19 13 16 1h
Magnesium

1 2,61 2,04 2.10 402 3.73 3.92

2 Le65 2,85 3.07 5.62 5.13 5447

3 kb5 2,52 3.01 5.14 5.07 523

4 Le30 2,75 3.06 5423 5.09 529
L.8D. 5% 1.330 N.S. 619 .978 .710 .909
LS. 1% 1.911 N.Se N.S. 1.021 N.S.

C.Va 21 16 14 12 9 11
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of the nutrients studied. The plant magnesium content of magnesium in the 1/5 Mg
leaflets; the phosphorus content of either the 1 x or 5 x P leaflets; and the nitrogen,
potassium and calcium content of the third levels of these series may perhaps offer
some promise of approaching the critical levels of these nutrients in the Albritton
strawberry plant. This information may be of possible use in later field surveys of
the nutritional status.

Teble /3 reveals that, in slmost every case presented, the absolute quantity
of nutrients in the plant parts, and we might surmise, the plant as a whole, increases
as the supply is increased in the nutrient solution.

A review of the nutrient element contents of plant parts on a percent dry weight
basis in Table iﬁ; shows that highly significant differences in content occurred in
all plant parts as a result of verying sach of the nutrient elements separately. Also,
with few exceptions where the same value remained, an increase in concentration of a
given nutrient resulted in sn increase in the percent of dry weight content of that
element in the plant tissues. Thus, the increases in absolute quantities of these
elements per plant part in Table /3 did not merely reflect a larger quantity of fresh
or dry weight of the plant, as we have slready seen in Tables 11__ and /2 . Since most
of the fresh end dry weight increases in Tables // and /% were highly significent
it is difficult to select a given tissue for use in sampling. Consequently, our problem
of selecting a plant.tissue for use in field nutritional surveys must be pursured
further. Conseguently, in Table /5, the coefficient of variations of the nutrient
compositions (from Table [jg) have been summarized and ranked to facilitate comparisons.
Since a higher coefficient of variation is indicative of less accuracy in interpreting
foliar or tissue analyses, these have been ranked from lowest to highest for each of
the tissues analyzed within each nutrient element series, Further, by totaling these
ranked numbers, one can perheps select the tissue for sampling which shows the least
variation end, thereby, the most reliability. A central leaflet appears to be this

tissue since it had total coefficients of variation of 38 2nd a total ranking of 38.
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Strawberry Nutrition - Greenhouse
Table /3 ., Absolute Nutrient Content in Grams Per Individual Plant Part.

Level

of Plant Part
Nutrient Right Central Left
Varied Roots Crown Petiole Leaflet Leaflet Leaflet
(all) (all) (each) (each) (each) (each)
Nitrogen
2 14402 .81 .08 .28 .28 .29
2 Seld 1.06 +12 43 AUl v
3 9e51 1.37 .17 57 57 .58
U 10.04 2.50 .35 .78 o7 .81
L.S.D. 5% 2.182 .193 .016 .082 .056 061
LS. 18 3135 277 .022 <117 .080 .087
CoVa 19 9 5 10 ] g
Phosphorus
1 .36 .08 .01 .02 .02 .02
2 .58 .12 .01 .04 .0l Ol
3 2,22 «30 0l 09 «09 10
n 2.63 33 .05 o11 .10 .10
L.S.D. 5% 497 042 004 003 006 .004
L.SJDe 1% W71h .060 .006 .005 .009 .006
C.Ve 21 i3 8 In T 9
Potassium
1 .68 30 S0l .10 .10 .10
2 2.7h 1.09 .16 27 2l o7
3 11.96 2,73 .61 57 57 55
L 15.80 3.05 .66 .70 .69 +70
L.S.D. 5% 24707 668 +110 +«139 «126 142
L.SJD. 1% 34889 .959 158 .199 .181 .203
CoVe 22 23 19 21 20 22
Calcium
1 o6l 37 <01 .02 «02 .02
2 1.30 s .ol 0L .ol 0L
3 2.53 140 .16 .33 .38 34
4 339 1.21 17 37 .40 37
LeSJD.. 5% .352 .189 .029 .059 .0L8 .060
L.S.D. 1% «5H05 o272 NVt .084 .069 .086
C.V. 11 15 17 19 14 19
Magnesium
1 .65 .10 01 .03 02 .01
2 1.2 .16 .02 0l .03 0l
3 2433 21 .04 .08 .09 .08
4 359 g .07 .15 A7 .16
L.S.D. 5% 889 .098 «015 »040 032 025
L,8D. 1% 1.277 A4 .021 .057 .046 .036

8V 29 28 26 33 26 22
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Table /% . Nutrient Content of Plant Parts (7% of Dry Weight)

Level

of Plant Part
Nutrient Right Central Left
Varied Roots Crown Petiole Leaflet Leaflet Leaflet
Nitrogen

i «95 «90 .69 1.54 1.54 1.53

2 lell 1.2 80 1.82 177 1.81

3 1.86 1.39 1.05 2.0l 2.1k 2,08

N 2,67 2,88 2.98 3.70 3.78 378
LS.JD. 5% »200 +130 195 «113 .099 .078
LeS.De 1% 287 187 .280 «153 42 +112
c.V. (%) 8 5 9 3 3 2
Phosphorus

1 «09 +10 .08 o1l <11 a1l

2 11 »15 "y 41 19 15 .16

3 45 30 27 .32 .32 33

L o5l +33 29 .36 .36 .36
1.:5:De 5% 046 .012 .016 016 016 .021
L:S.D,: 1% 067 «017 .022 .022 022 030
c.vV. (%) 10 3 5 L b 5
Potassium

4 32 .62 +50 5l 253 o5

2 .60 1,27 1.23 1.09 1.02 1.09

3 2,39 2.87 3.87 2,00 2,14 1.93

I 3.26 3421 168 2,86 2,95 2.83
L.S.D. 5% 22 229 <199 +160 276 167
LeSD. 1% 322 328 «285 «230 397 240
C.V. (%) 9 4 5 6 10 7
Calcium

1 «25 ol .18 .15 W14 +15

2 «29 51 o3l .21 #2 »20

3 «50 1.05 1.03 1.0 1.30 1415

L «70 1.29 1430 1.46 1.6 1.48
L.S.D. 5% .043 .118 072 050 +069 067
L8 1% 062 169 109 LO77 +099 096
c.V. (%) 6 9 6 5 5 6
Magnesium

1 .25 .13 206 .15 11 06

2 2l «17 A1 15 1l 14

3 5k .26 33 34 .36 .32

L 8l ol +51 .60 .69 63
L.S.D. 5% .100 .060 146 <143 084 077
L.SJ.De 1% 14l +086 «209 «205 Ja21 111
CoV. (%) 13 15 36 29 16 17
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Nutrient

Varied

N
P
K
Ca
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Total

Strawberry Nutrition - Greenhouse

|Summary of Coefficients of Variation
.;ror»:/

9 February 1959

Table /4 . Nutrient Composition (% Dry Weight) of Plant Parts
Plant Part
Right Center Left
Roots Crown Petioles Leaflet Leaflet Leaflet
8 (5) 5 (4) 9 (&) 3 (3) 3 (2) 2 (1)
10 (6) 3 (1) 5 (5) 4 (2) 4 (3) 5 (W)
9. (5) 7 (3) 5 (1) 6 (2) 10 (6) 7 (W)
6 (5) 9 (6) 6 (3) 5 () 5 (2} 6 (L)
13 (1) 15 (2) 36 (&) 29 (5) 16 (3) 17 (4)
(22) (16) (21) (13) (16) (17)
46 39 61 u7 38 37
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It is interesting to note, however, the petiole varies lesst in potassium content,
any of the leaflets sre less variable in nitrogen content, the crown is least variable
in phosphorus content and the roots are the least variable of any of the tissues in
regard to magnesium content. On an overall basis, however, the central leaflet was
selected.

The selection can further facilitate by summarizing the Variance Ratios (F values)
since most differences in plant nutrient composition due to treatment were highly
significant. Table /& contains these F. values. Here one can see that the leaflets,
when the ranks of F values from highest to lowest are totaled, that any of the leaflets
might be selected. Again, as in Table /5 of the coefficients of variation, if one
wished to most accurately determine the potassium status of this plant, the petiole
would be the tissue to sample. The crown would best reflect phosphorus. The leaflets
would again best reflect nitrogen and the leaflets would reveal the calcium status.

A further narrowing down of the field may be obtained by calculating the linear
slopes or "b" values of the nutrient contents on the percent dry weight basis. These
values are summarized in Table /7. A hicher value reflects a greater response in
nutrient content thsn does a lower value. Here, the central leaflet appears to offer
the most promise for use in sampling with a low ranking total of 1l4. Again, the
petiole best reflects potassium, one of the leaflets, nitrogen; but now, the roots
instead of the crown promises response to phosphorus and one of the leaflets is best for
a calecium or magnesium reflection. In general, however, indications are that the
central leaflet, from all standpoints, seems to be the tissue for use in field surveys
to determine the overall nutritional status of the Albritton strawberry.

Since much attention has been centered upon the use of the petiole of some plants
for "leaf" analysis, especially, the grape, attention toward the response of the
strawberry petiole to nutritional variations may be of interest to many workers.

Table /8 summsrizes the effects of level of nutrient upon length of the strawberry
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r Strawberry - Nutrition ~ Greenhouse

guﬁnary of Variance Ratios - (F values)
I Froon

Tsble /& . Nutrient Composition (% of Dry Weight) of Plant Parts

Plant Part
Nutrient Right Central Left
Varied Roots Crown Petioles Leaflet Leaflet Leaflet
N 157 (6) 490 (4) 318 (5) Tho (3) 1109 (2) 1782 (1)
P 251 (6) 880 (1) 486 (L) 662 (2) 648 (3) 346 (5)
K 411 (3) 305 (5) 1057 (1) 426 (2) 161 (6) 374 (4)
Ca 24 (5) 126 (6) 669 (L) 1552 (1) 1237 (2) 1036 (3)
Mg 81 - (g) 59 (4) 21 (6) 23 (5) 14 (2) 108 (1)

23 20 20 13 15 14
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Table /7 . Summery of b's (slopes; linear)
Plant Part

Nutrient Right Central Left
Varied Roots Crown Petiole Leaflet Leaflet Leaflet
N 294 (6) .310 (5) .357 (2) 358 (1) 354 (3) 351 (&)
P 192 (1)  .096 (5) .090 (6) J107 (2) 106 (3) Jdok (L)
K 638 (2)  .566 (3)  .9L4 (1) 479 (5)  W505 (4) 469 (6)
Ca 109 (6)  .206 (5) .284 (L) 340 (3)  .389 (1) 345 (2)
Mg JA71 (2)  .086 (6)  .131 (4) 128 (5) 162 (3) A78° (1)

17 2 17 16 14 17
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Table /8, Effect of Level of Nutrient Upon Length of Strawberry.

Petiole.

Level of
Nutrient
Varied

Nitrogen
1
2

3

L
L.S.D. 5%
L.S8.D. 1%
CeVe

Phosphorus
1
2

3

4
L.SJD. 5%
LS.D. 1%
0.¥s

Potassium
b 1
2
3

A
L8P 5%
LeBDs 1%
c.V.

Calcium
1
2
3

L
L8.Ds. 5%
L.3.De 1%
e Ve

Magnesium
1
2
3

4
L8O« 5%
L.S.D. 1%
C.V.

Total

Lenzth
(em)

162,0
190.3
200.5
173.0
N.Se

10

121.4
155.1
1874
194.3
14423
204k

117.0
170.1
1974
195.0
22,57
32444
8

105.0
15649
158.8
17545
NeSe

32

153.6
182.0
186.8
190.9
20.54
N.S.

Average

Length
(cm)

8.32

9.40

9o48

8.32
975

NeSe
9

740
8.40
938
9.49
456
655

6.94
8.32
9.30
9.18
1.035
1.487
8

6466
8,07
8.1h
9.02
N.S.

19

8.50
8457
8.78
9.02
NoS.
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vetioles in this study. Nitrogen and calcium had no significant effects upon the
total of the lengths of petioles produced by the three plants in each treatment.
This lack of significance in the case of calcium is probably due to the high level of
variation, i.e. a 32 percent coefficient of variation., Little significance is like-
wise apparent in the case of response to magnesium. On an average length per petiole
basis, nitrogen, calcium and magnesium variations again have less influence. Fhos-
phorus and potassium, however, appear to have a pronounced influence upon petiole
length., Since potassium variation concurrently produced one of the highest regression
coefficients (Table /7 ) of any calculated, on the percent of dry weight composition
basis, this specific tissue appears to be an extremely sensitive one in the strawberry
to variations in potassium nutrition. Therefore, its use would be preferable in

studies where only responses to potassium are being studied.




B. Blueberry Ressarch in 1958

Relatively little background information is availsble for blueberry nutrition
and its varied physiological relationships. Consequently, a general approach was
initiated to provide some background material from which later, more specific work might

be undertakens.

General Survey

Contact was made in the summer of 1957 and at the January Annual Blueberry Open
House meeting in 1958 with blueberry growers who had plantings of the Wolcott and
Murphy vaerieties which were at least L or 5 years old. The majority of the plantings
of these varieties are no older than this due to their recent introduction at the
beginning of this decade by Professor Morrow. Approximately 30 growers offered to
cooperate by offering their plants, leaves and fruit for a general survey to determine
the nutritional status and overall condition of the blueberry plantings in the state.
The names and addresses of these growers are given in Table lll together with the
number of survey plots located in their respective plantings.

Eaech plot consisted of ten blueberry bushes and was selected, not to be
representative of the entire planting, but to provide contrasting conditions which might
have existed, in some cases, within a planting. The philosophy was to select each plot
so that comparisons and analyses of many of its characteristics of plant and soil
could be made.

Dr, Bugene Goldston and Mr. Arvil Hunter of the N. C. State College Soils Depart-
ment cooperated in the survey by constructing an eight inch in diameter hole down to
a depth of approximately four feet. A soil sample was taken 2t each of the horizons
including the hardpens. The holes were made in the center of either the Eouth or
west side (depending upon the direction of row planting) of each ten bush plot under
the outer periphery of bush branches. Classification of the soil was made in situ by

Dr. Goldston as to soil type, structure, consistency and an overall description. The



Table /9 .

18,
194
20,
21,
22,
23.
%2,
254
#26.
27.

plantings in North Carolina.

Name

Barnes Brothers
Frank Blanchard
Dean Bowker
Ernest Bowker, Sr.
Herbert Cleavenger
Collier Cobb
Cutts Bros.

Je A. Edwards
Raymond Emery

M, S. Emmart
Deleon Wells Ennis
Simon Gurganeous
Gale Harrison
Heath Brothers
Harold Huntington
Te Po Key

Koehlert and Roescher

John Moore

Jason Morris

Orr Bros,.

J. Do Rowe

M, M, Sandy

Ge We Spayd
Thomas S, Strong
Wells Brose

I, Ce Wright

Jo W. Young

No. of
Plots

WW HFWW R &N

H WW oW FEEDEFE DD NN NN W

List of cooperating growers in general nutritional survey of blueberry

1957 - 1958.

Address

Route 701, Garland, North Carolina
Box L6, Rose Hill, No C.

C/o Mr. Elbert Colbert, Currie, N. Ce
C/o Mr, Elbert Colbert, Currie, Ne C.

C/o Mr, Ernest Jones, Mgr. Rt. 1, Burgew,N.C.

P.0. Box 146, Bridgeton, N. C.
Route 1, Ivanhoe, N. C.

Route 2, Box 452, Wilmington, N. C.
New Hgypt, New Jersey, or C/o Mr. Thomas
Karwoski, Route 1, Burgaw, N. Ce
RJ.F.Ds 2, Box 131, Wilmington, Ne C.
Route 2, Burgaw, N, C.

Box 106, Route 2, Elizabethtown, N. C.
Ivanhoe, Ne Ce

Route 1, Kinston, N. C.

Atkinson, North Carolina.

Box 735, Southport, N. C.

Currie, N. C.

Ivanhoe, No Ca

Bridgeton, Ne C.

Currie, Ne Co

Route 1, Burgaw

Roseboro, N. Co

Currie, N. Ca

3104 *O" St. N.W., Washington, D. Ce
Rosehill, Box 56, N. C.

Box 208, Wilmington, N. C.

Stella, N, C.

Note % = also cooperating by supplying leaves and fruit for the

periodic sampling survey.
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soil samples were returned to Raleigh and sent to the State Soils Testing Laboratory
for analysis of exchange capacity, exchangeable cations, phosphorus, manzanese, percent
organic matter content and so forth.

Concurrently, 100 leaf samples were taken from the central portion of the initial
burst of the current season's shoot growth. The leaves were placed in small plastic
polyethylene bags and kept in an ice chest until returned to Raleigh where they were
dried at 70°C in a forced air drying oven. Analyses of N, P, K, Ca and Mg are to be
made by the Plant Analyses Laborastory of the Soils Department. As of date the N
determinations have been returned and the others sre expected in the near future. The
minor element contents were to be determined by the Chemistry Department Spectrographic
Laboratory. However, due to the difficulties encountered‘in the perfection of the
procedure, analyses of the leaves by them must be postponed or accomplished elsewhere
by other means.

Yield recoreds were kept by many of the growers during the harvest season. They
are presented on a pounds per bush basis in Table §£L which also contains information
of the soil type and relative condition of the plant vigor as visually determined at
the time of leaf sampling.

In addition to the leaf and soil sampling visit made during the first week of June
to the plaentings during the survey, additional visits were made as time permitted
throughout the growing season (20 June, 21 July, 3 September and 1l October). On these
dates, additional observations were made on such general appearances as occurrence of
fungal or unknown origin leaf spots, average height and width of the bushes, number
of bushes in 10 exhibiting interveinal chlorosis of young tip leaves of basal shoots
found in semi-shaded areas of the bush, general vigor of the current season's new
growth, and so forth.

Some rather interesting relationships were found. First, of the 55 plots studied.

20 were found to be situated on Saint John, 23 on Leon, 2 on Amokolee, 2 on Pokomoke,



Plot
No.

Ja ol 29 BLUEBERRY SURVEY

Yield Records for 1958

(Kept by growers)

Grower Variety
Barnes Wolcott
Blanchard Wolcott
Blanchard Murphy
Blanchard Murphy
Blanchard Wolcott
Bowker, Sr. Wolcott
Cutts Bros. Wolcott
Edwards Murphy
Edwards Wolcott
Edwards Murphy
Emery Wolcott
Emery Murphy
Emery Wolcott
Ennis Murphy
Ennis Wolcott
Harrison Wolcott
Harrison Wolcott
Heath Wolcott
Heath Wolcott
Koehlert & Roescher Wolcott
Koehlert & Roescher Murphy
Orr Bros. Murphy
Orr Bros. Wolcott
Orr Bros, Murphy
Spayd Murphy
Spayd Wolcott
Wells Murphy
Wright Wolcott
Wright Murphy

*Rough estimates only

(a) Key: L = Leon
SJ = St. John
E = Elwell
A = Amokalee
P = Pokomoke

Soil

Type (a)

(O8N ol ol [ORORO] [GROR ) w0
o l:"Llc_‘Llt"l"l."l:"I.“l"*U‘_‘L| L"t"L"L“L‘l"l“l“l"t"

7]
o

W. E, Ballinger

NoCuS.Ce

Relative Condition

lbs. berries

of Plant Vigor per bush
Good Selt
Good 9e5
Good 5¢3
Poor 2.8
Poor 5e7
Good Te2
Good 845
Poor 2.3
Poor L7
Medium - Good 8.1
Poor Tel
Good 6el
Good 118
Medimm - Poor Ly 0%
Medium 5e3%
Good 10.0%
Medium - Good Le5%
Medium - Good 6¢9
Good 6e2
Very good 8.54
Medium - Good 76
Very Good 97
Good 11l.4
Medium - Good Tel
Good Leb
Good 10.2
Very Poor 0.5%
Medium « Good Lo9*
Poor Le8
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and 2 on Rutledze type soil. Sinece the majority of the plantings were on the Saint
Johns and Leon soils, the plots of the general survey were grouped under these. They
were further categorized as to variety.

Consequently, a relationship between the yield of the Wolcott variety and the
menganese content of the soil was uncovered. Teble 2/ shows a linear correlation
coefficient (r) of (+) 0.582 which is significant st the 5 percent level.

The pH of the soil seems to be due to the orgenic matter content - at least in the
Leon soils. Table Z% shows that the correlation coefficient (-) 0.634 was highly
significant. This is understandable since the soil is practically composed of only
pure quartz sand and organic matter. The pH must thereby be derived from the organic
metter. The more organic matter, the greater the potential for a lower pH. Since
pH is a function of the degree of base saturation of the cation exchange capacity of
a soil, the low pH values encountered indicate a relatively low nutritional content of
the soil. This is probably enhanced by the heavy "flash" rainfalls for which this
part of the country is noted.

The orzanic matter content of the Leon soil is also greatly related to the size
of the Wolcott plant. The products of the height and width of the bushes in each
plot are compared with percent organic matter content in Table gji, An unusueally high
significance is indicated by the correlation coefficient of (+) 0.871. This is more
significant for the Leon soil since this soil is much lower in organic matter content
than the Saint Johns. Table 24 shows (in & summary form only) that the average St.
Johns organic matter content is 8.l percent while that of the Leon type soil is only
3.8, Thus, the critical point for orzanic metter content will more likely be found
in the Leon soils than in the Saint Johns. This encourages one t0 use the Leon for
comparison of plant response %o nutritional or other soil characteristic variations.

Table &4 also shows that the yield of bushes grown in Leon soil ere mach lower

on the average than those of the Saint Johns. This in undoubtedydue in part to the
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Teble 2/ , Relationship of Wolcott variety blueberry yield and manganese content
of the soil.

Yield Soil Mn
Plot No. (1b./bush) (me,/100 gm)
51 5ely 4
110 945 4
113 547 2
40 Te2 L
109 845 2
29 Le7 0.1
13 T T
SV 11.8 9
17 649 12
16 6e2 L
48 8¢5 9
46 1l.h 9
38 10,2 I
116 10.0 7

Correlation coefficient (r) = + 0.582

Significance at 12 D.Fe: 5% = 532
1% = o661
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Table 22 , Relationship of Leon type soil pH and organic
matter content (sampled in 1958).

Plot
No.

20
r“‘

e
s @
o b
-

i 5y 4
116
9
17
16
48
5%
110
111

L] e o o * 9

Lo oono @onocOhoNHFWO
* & ° o .

Lo ooy

DU NS N osoUE DN
N

FWO WL B WL 0 O W e
o N
.« " 0

GALA L ohFhoREN0o

FrRroULDEENDNN D
13

Correlation coefficient (r) = (=) 0.634%%

For significance at 21 DeF.: 5% = o413
1% = .526
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and the product of the height and width of Wolcott

|
Table 23 . Relationship of Leon soil organic matter content
blueberry bushes growing thereon.

Plot Plant Soil
No. Hx W % OM
(£%)

117 18.0 248
19 20.3 Le2
17 2145 Selt
16 30.0 6.0
48 39.0 6.3
51 1741 2,6
110 30.0 Leb
111 13.2 2.5
103 3he7 5.7
109 215 244
29 15.8 2.0

Correlation coefficient (r) = + 0,871%*

For significenee at 9 DoF.: 5% = 0.
& Qe
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Table 24. A summery of the effect of variety and soil on several characteristics of
blueberry plantings surveyed in 1958 (a).

Soil Leaf Leaf IV Bush Bush Leaf Yield Soil
Variety Color(b) N (¢) Chlor.(d) HxW (e) Vigor(f) Spot(g) (lb/bush) % OM
St. Johns

Wolcott 3k 1.90 5.8 2445 240 17.1 8.8

Murphy 3t 2,01 3.9 16.4 1.8 8.6 6ol

Ave. 3.2 1.94 5.l 21,2 1.9 137 TS [
Leon
Wolcott 3.0 1.92 Pl 21,3 1.8 20,44 8.0
Murphy 3el 1.96 Leb 145 1.9 7.6 45

Ave. 3.0 1.94 6.1 18.1 1.9 14.0 a6 3.8

(a) Not analyzed statistically.

(b) Based on coded system of 1 to 5 wherein the larger number is associated with
a darker green color.

(c) % of dry weighte.

(d8) Number of bushes in ten exhibiting interveinal chlorosis of the tip leaves of
shoots located within the lower extremities of the bush.

(6) Hx W = the product of the average height and the average width of the blueberry
g
bush.

(f) Based on a coded system of 1 to 10 with 10 being most vigorous; refers to
annual shoot growth, not size of bush.

(g) Refers to fungal as well as unidentified spotting of leaves. Based on
periodic inspections znd summation of coded ratings of 1 to 10 of severitye.
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presence of a smaller bush as was discussed previously. The everage bush size (HxW)
was 21,2 square feet for the Saint Johns and only 18.1 square feet for the Leon soil
plants. In this respect, one may observe that the Wolcott bush is a larger one than
is the Murphy. This substantistes a general field impression. Concurrently, the yield
of the Wolcott is grester than that of the Murphy variety.

Both leaf color and percent nitrogen content were higher for Murphy than Wolcott.
Leaf color was slizhtly higher on plants grown on Saint Johns than Leon soil,

The interveinal chlorosis of young tip leaves seems to be more severe on plants of
the Leon soil which is probably related to the poorer nutritional status of this soil.
The Wolcott variety, in addition, appears to be more sensitive than the Murphy variety
to this disorder, which elosely resembles that of an iron, msnganese, Or sSome other
minor element deficiency. The return of leaf analysis will be anxiously awaited to
shed further light on this condition.

Very little difference is apparent between the occurrence of leaf spots on bushes
grown on either soil type. An outstanding difference does seems to occur between
varieties. Wolcott had more then twice the leaf spot trouble than Murphy. This is

probably a pathological problem but may partially be related to nutritional conditione.

Periodic Survey

From the plots sampled on a preliminary basis in August of 1957, @ight locations
were selected on the basis of nutritional status differences as determined by leaf-
nutrient content. High and low levels of calcium, phosphorus, and potassium in the
leaves were selected in all possible combinations to provide eight plots. These were
located as closely as possible to the corresponding plots, The locations and names
of coopersting growers were given in Table 1jl.

Leaf and fruit samples were taken from these bushes every ten days beginning
on 29 April, 1958, approximately one to two weeks after the first fruit had been set.

The fruit was taken at random from the south or west side of the approximately 30



De
bushes included in each plot. This was necessary since each berry of the cluster
follows no set pattern as to its time or position of ripening. The berries for the
May 30 and June 30 semplings were those which were just beginning to change from a
green to a reddish color. More exactly, the calyx half was of a pink color and the
scar end was still green or‘t%hitish green®. This was done to achieve a uniformity in
meterial sinee one or two berries were already full blue at the May 30 date and berries
hzd already been harvested before the June 9 date.

The leaf samples were continually taken from the central portion of the first
flush of shoot growth, located as closely as possible to the fruit cluster so that
some effscts of the leaf contents upon fruit content and quality, and vice versz, might
perhaps be uncovered during the study. These leaves were collected with the fruit
samples until June 9. Thereafter, the leaves were collected at approximately 20 day
intervals.

Tach sample of either leaves or fruit was divided into sub-samples. Fresh
weizhts were taken immediately from each sub-sample. Subsequently, one was placed in
a small plastic bag, the bag was closed with a wire "twister" and then placed on
dry ice in an ice box for immediate freezing. This sample was returned to Raleigh in
the frozen state and now is beinz held in the frozen-storage room of Kilgore Hall.
Plans include the analysis of these samples for orgenic components such as starch,
sugars, amino acids, and so forth.

The sister sample was placed in another plastic bag, plaeed in an ice chest with
ice for cooling, and returned to Raleigh. There, a count was made of the number of
leaves or fruit per sample. These sub-samples were then dried at 70°C in a forced

 air oven. From these fresh and dried weights with counts, the fresh and dried weights
per berry or ééﬁif were calculated. The dried samples were sent to the Soils and
Chemistry Department for mineral analysis. To date, the percent nitrogen content

analyses have been returned.
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The objectives of this periodic sampling survey are several. First, the seasonal
trends in nutrient content of lesaves and fruit can be determined which will aid in
establishing a two or three week period during the growing season during which little
change in percent nutrient content occurs. This will be of benefit both for future
surveys and studies as well as use in any possible grower services which may develop.

Another objective will be to determine the relationship between leaf or fruit
composition and fruit quality. Samples of three pints each were taken in cooperation
with Mr, Lee Kushman of the U.S,D.i., A.M.S. These were placed in an ice chest for
uniform, cool holding until they were returned to the campus.

They were then placed at 70°F in & cold storage room and held for six days. At
the end of this period they were removed from storage and the fruit segregated on the
basis of sound fruit, "leakers" (which term describes those berries which looked mormal
from the outside but immediately fell apart as a watery-like mass upon light contact

with the fingers. This condition may have been due to the present of fungal, yeast or

bacteria%; but the exact cause in unknown at present. The segresated sound fruit were
placed in a Waring blendor and subseguently tested for pH and total acidity.

The results of data collected for this periodic survey were extremely interesting
and show great promise for future studies of a more detailed nature. Tables =5,
26 and 27 contain the results of the fresh and dry weight determinations. These
are graphically presented in the accompanying graphs. Figure i§_ shows that the fresh
weight per berry incressed linearly from April 29 until Mey 19. Then it inereased
repidly during its latter stages of development. This is in agreement with recent

work by Christopher and Shutak in Rhode Island. The sample of fruit taken at the

helf-pink stage a few days after the first commercial harvest appeared to be much smsller

than the one taken = few days before the first harvest. This substantiates a general
field observation that berries of the first harvest are larger than succeeding ones.
The trend for the dry weight per berry follows that of the fresh weight except

that the slope is much greater for the dry weight increase, especially during the
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Table X5

Grower

Heath
Emery
Strong
Bowker
Edwards
Harrison
Barnes

Heath
Emery
Strong
Bowker
Edwards
Harrison
Wright
Barnes

Heath
Emery
Strong
Bowker
Edwards
Harrison
Wright
Barnes

Heath
Emery
Strong
Bowker
Edwards
Harrison
Wright
Barnes

Blueberry Periodic Samples (Summery) Leaves

Dry Wt.

5400
L.78
7.08
6456
5495
5el2
6.10

2.90
hell
LeL7
Le61
5485
.96
4 .82
6,01

5.78
T30
8.17
5416
8.40
5449
5450
9eL5

bolib
6.22
6400
6462
78l
bel7
5«27
5416

Fr. Wt/ Ave. %

Number
of Fresh Wt Fresh Wt
(gms.) Leaves Wt/leaf (gms,) dry Wt. % Hp0 _Berry
First Picking 29 April 1958
86 .0581 19.5 14450 Thely 22267
75 .0637 19.3 14,52 752 2573
166 .0L26 2640 18.92 72,8  .1566
114 L0575 22.8 16.24 T7l.2 42000
93 L0639 20,0 14.05 70.3 2151
131 0413 21.0 15.58 7he2 1603
114 £0535 27.7 21.60 78.00 42430
Total .3806 115.41 516.1  1.4590
Ave. 20544 16.49 737  +208L
Second Picking 8 May 1958
30 .0966 10452 762 7244 «3507
Ll .1002 15.40 11.29 733 «3756
55 L0812 15.88 1l.41 71.9 2887
39 .1182 16.28 11.67 TL.7  HITH
54 .1083 18,55 12,70 6845 #3435
62 .0800 17.48 12,52 716 42819
56 -0860 17440 12,58 72.3 <3107
59 <1018 20425 4.2 703 _.3432
7723 94403 572.0 247117
+0953 11.75 T1.5 3390
Third Picking 19 May 1958
45 1284 16476 10.98 655 #3724
51 <1431 20,85 13.55 6540  .4088
69 L1184 22,86 14469 6le3 3313
34 L1517 15475 10.59 67.2  .L632
58 <1448 22440 1400 62.5  +3862
42.5 L1291 15440 9.91 blisls  «362Y4
53 .1037 16.80 11.30 6743 3170
bl L1476 25,90 1645 635 _shOLT
1.0668 101.47 519.7 340460
<1334 12,68 65.0  .3808
Fourth Piding 30 May 1958
i <1575 16415 9.69 60.0  .3939
39 #1594 15.91 9469 60.9 4079
39 1538 15.10 9.10 60.3 3872
42 .1576 17.45 10.83 62,1 W4155
48 .1633 19.55 ik 0 59.9  .LOT3
50 «129 16.88 10441 61.7 3376
43 1225 14,06 889 62.8 .3293
33 41563 13.35 8.19 61,3 _oLOLD
1.1998 78.51 489.0 3.0832
1500 9.81 6l.1 3854

Dry. Wt,

2643

28,5

39+9
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Grower

Heath
Emery
Strong
Bowker
Bdwards
Harrison
Wright
Barnes

Heath
Emery
Strong
Bowker
Edwards
Harrison
Wright
Barnes

Heath
Emery
Strong
Bowker
Edwards
Harrison
Wright
Barnes

Heath
Emery
Strong
Bowker
Edwards
Harrison
Wright
Barnes

Dry Wt.

6.71
6461
6413
574
7.08
5466
6al41
7.91

6.2
7.30
6.39
6.20
7.62
6467
5470
8.7

6401
7426
7426
5495
Toll
8.25
5499
7450

6.93
7.15
10.74
T2
Te37
T.31
7474
8alihy

2e

Number
of

Fresh Wt Fresh Wt
(gms.) Leaves Wt/leaf (gms, ) dry wte

Fr, Wt/ Ave. %

Fifth Picking 9 June 1958

57
51
18
40
69
4
53

L1177
.1296
277
#1435
L1041
.1380
.1209
L1492

53
Total 1le3342

.1668

Sixth Picking

1325
1814
1.2092
.1512

Seventh Picking 21

.11430
«1481
1481
.1608
21512
W12z
1247
.1822
1.205

«1507

Eighth Picking 11 August 1958

<1474
21702
<1394
1695
«1Uh5
«1555
1334
21534
1.2133
1517

% Ho0 leaf Dry Wt.
17.33 10.62 61.3  .3040
16452 969l 60,0  .3239
15415 9402 5945  «3156
15.15 9.41 62.1  .3788
18.41 11.33 6le5 2707
14400 843k 5.96 3415
1674 10.33 61.7 #3158
20,12 12,21 60.7 3796
Bl.17 1864l 2.6299
10.15 60.8 3207 3942
30 June 1958
14450 8.26 57.0 43372
17.59 10.29 58.5 <3449
1441 8,02 55T 3275
14.04 784 5548 <3795
17.51 989 5665 3433
15.00 8433 5545 #3261
12.14 6oty 53.0 2823
19.10 10439 Shel <3979
69.46 Lh6.l 247387
8.68 55.8 3423 blie2
July 1958
13.42 Tell 5542 #3195
16.75 9.49 5647 <3418
16422 8.96 5562 3310
14499 9.04 6043 4051
15.95 8.8L Shely 3394
18.08 9.83 Blidy  «3117
14.16 8.17 577  +2950
16.09 859 53el 4023
70433 LT3  2.7458
8.79 55.9 <3432 blel
14.82 789 5342 43153
15.67 8452 Shel W3731
23.66 12,92 She6 43073
16,07 8495 5547  «3826
15.72 8435 53.1  .3082
16.03 8.72 Shely 43411
17.20 9.6 55.0  «2966
19.19 10.75 5660 4348
75455 U36.l  2.6631
9elily 5heb #3329 L5elh




Letter

moEEOQm > mQREEDQW R

mQEEUYQw >

moEHEODOE >

Grower

Heath
Emery
Strong
Bowker
Edwards
Harrison
Wright
Barnes

Heath
Emery
Strong
Bowker
Edwards
Harrison
Wright
Barnes

Heath
Emery
Strong
Bowker
Edwards
Harrison
Wright
Barnes

Heath
Emery
Strong
Bowker
Edwards
Hearrison
Wright
Barnes

3.

Number
Dry Wt. of Fresh Wt Fresh Wt Fr, Wt/ Ave. %
(gms.) Leaves Wt/leaf _gms, dry Wt. % Hp0 leaf Dry Wte
Eighth Picking Second Growth
8.99 7R 1266 19.41 10,42 53.7  +2734
8454 70 .1220 18,92 10.38 549 42703
9.25 81 o1141 20435 11,10 5he5 <2512
8425 67 L1231 18.62 10.37 55.7  «2779
9.35 88 .1062 20,40 11.05 5he2 2318
7465 59 .1296 16,10 8.45 5245 «2729
6.86 58 .1182 15.67 8.81 56,2 L2702
8.34 69 .1208 18.59 10.25 55.1 2694
Total 9606 80.83 43648 2.1171
Ave. .1201 10,10 Sleb 22646 b5l
Eigth Picking Third Growth
be52 68 .0958 11495 8443 56e 2199
6483 66 +1034 16.31 9.48 5841  «24FL
742 78 20951 17469 10.27 58,1  .2268
6.73 65 .1035 16418 9eli5 58.4 L2489
No sample
594 59 .1006 13.88 79k 57+2  «2353
700 58 «1206 172l 1024 594 <2972
6479 58 .1170 17 47 10.28 6042 &2
.7360 66.09 40%.8 1.7695
L1061 9alily 5843 2528 41.7
Ninth Picking U4 September
6.97 52 1340 15.42 Beli5 5Le8 12965
11.31 72 .1570 26,22 14.91 56.9 3642
8.03 18 L1672 17.14 9.11 5362  «3571
12.87 76 1693 29.40 16.53 5642 43868
10.99 65 .1690 2479 13.80 5547 3814
11.82 81 L1459 26,88 15.06 56,0  «3319
10,07 67 <1502 22,50 12.43 5542 3358
13.03 70 .1861 28,48 15445 2 _oL069
1.2787 105.74 Lh2.2 2.8606
«1598 13.22 5543 #3576 L7
Tenth Picking October 14
8.09 41 <1974 17.52 9.43 53.8 4273
9.89 54 .1832 21.93 12,04 54e9  o406L
8.75 50 1749 17.51 8.76 50.0 <3502
8499 L2 2141 18.88 9.89 5244 4495
8470 48 1812 18,20 9.50 52.2  .3792
T7.66 U3 .1782 16.88 9.22 Sheb 23926
8.85 46 21923 19.10 10425 537 _.U152
1.3213 69.09 371.6 2.8201
.1888 9.87 53.1 40287 U46.9



FRUIT

72[%47 L2z Summary Blueberry Periodic Semples in 1958

Letter Grower

mEHEBUOUQWR®

ZREETQw >

Heath
Emery
Strong
Bowker
Edwards
Harrison
Barnes

Heath
Emery
Strong
Bowker
Edwards
Harrison
Wright
Barnes

Ave, Wt./Berry

HoEEBEUYOQWR

mOo"sEUDaOw>

Heath
Emery
Strong
Bowker
Edwards
Harrison
Wright
Barnes

Heath
Emery
Strong
Bowker
Edwards
Harrison
Wright
Barnes

Dry Wt.

8.10
6.81
6.93
6471
5ab2
930
8ali6

9.72
10.47
9.93
9403
9491
10.88
8.81
8.67

9.70
9.6l
10.55
10.15
11.01
9.30
994
10.20

Number Dry Wt.

of Berry Fresh Wt. Fresh Wt. Fresh wt./
(gms.) Fruit (gms,) _gms. dry wt. % Ho0 _Berry
First Picking 29 April 1958
393 .0206 87.2 79410 90.7 #2219
280 0243 The3 6749 9048 2650
379 0182 T0.7 63477 9041 +1865
2l7 20271 7543 68.59 91.0 «3049
277 L0195 5049 4548 89.3 .1838
457 +0203 99.5 9020 9066 $2177
371 .0228 95 86404 91.0 #2547
Total .1528 500,67 633.5 16349
Ave. .0218 7152 9045 .2336
Second Picking 8 May 1958
253 0384 95425 85.53 89.7 #3764
258 .0405 95.94 85447 89.0 <3718
267 L0371 93.48 83455 8943 .3501
199 <0453 83.68 The65 89.2 4205
245 2040k 86482 76.91 88.5 +3543
282 .0385 91.50 80,62 88.1 o324l
230 .0383 7g.ou 20.23 gg.g .auif
181 .og%g 78.04 2.31 g &
#3164 26433 T1l.5 2.9722
.0395 78429 88.9 «3715
Third Picking 19 May 1958
154 .0589 66460 5752 86.3 4320
153 «0592 6590 56483 86,2 4307
185 «0595 76.85 65483 85.6 150
133 069 70.70 6146 8649 «5315
152 L0670 72.02 61.77 85.7 4738
166 +0598 70,60 60467 8549 21256
161 0591 70.00 60448 864ly 4347
115 .0800 67.87 58467 86elt +5901
.5133 483423 6894  3.7342
L0641 60440 8642 667
Fourth Picking
71 .1366 77 .00 67430 87«4 1.0845
76 .1268 7745 6781 87.5 1.0190
81 .1302 80,70 70.15 86.9 L9962
73 -1390 79492 69.77 87.2  1.0947
86 .1280 83.15 72.14 86.7 .9668
92 .1010 68465 59435 86.l 762
79 .1258 76432 66438 86.9 +9660
79 21291 76.68 66,48 8646 9706
1.0165 539.38 695.6  7.8L40
.1270 67 .42 87.0 .9805



Number Dry Wt.

Fifth Picking 9 June 1958

Dry Wt. of Berry

Letter Grower (gms.) Fruit (gms.
A Heath 9.70 110  .0881
B Emery 9460 120 .0800
(o} Strong 9.93 113 .0878
D Bowker 8.06 119 0677
B Edwards 11477 145 L0811
F Harrison 11.83 191 .0619
G Wright 11.63 172 .0676
H Barnes 9.48 113 .0838
Total .6189

Ave, 0772

Fresh Wt.
SUS o

The32
73460
72.10
60,61
82.45
85,20
90405
63410

Fresh Wt. Fresh Wt./
dry wte % H20 Berry
6l462 86.9 6756
64400 86.9 +6133
62.17 86.2 «6381
52.55 86.7 -5093
70468 85.7 5686
7337 86.1 RTAS
T8.42 87.0 «5235
53.62 8L.9 5581
519443 690.h4  Le5329
6l.92 8643

+5666



W. E, Ballinger

Jal/e %7 Blueberry Periodoic Grand Summery (1958)

Days Ave, dry

Picking After lst wt. per Ave., Fresh One % Ave, per Plant

No. Sampling Date berry wte D, Wt. ceat H20 Part
3 0 29 april  ,0218 .2336 95 90.5 Fruit
2 9 8 May 0395 «3715 121 88.9 Fruit
3 20 19 May L0641 4667 13.8 8642 Fruit
U 31 30 May .1270 .9805 13.0 87.0 Fruit
5 41 9 June L0772 5666 13.7 8643 Fruit
1 0 29 April  .054l 2084 2644 737 Leaves
2 9 8 May 0953 3390 28.5 7145 Leaves
3 20 19 May <1334 .3808 35.0 65.0 Leaves
b 31 30 May 1500 «3854 38.9 61.1 Leaves
5 41 9 June .1668 «3287 39.2 60.8 Leaves
6 62 30 June 4512 «3423 Lhe2 5548 Leaves
7 83 21 July .1507 <3432 blyel 55.9 Leaves
8 104 11 August L1517 .3329 45.4 5446 Leaves
9 128 4 Sept.  .1598 «3576 L7 5543 Leaves

10 164 10 October .1888 4029 1649 53.1 Leaves



2
N I
po L/
&. p. 94 &
4 - P =il
8 /. ¥H
, \\\\
Al
=y
2 T
A
| v
| /
| i , a
.ﬁVI 1 [ N
: NS
N ‘ ,
, I NN
S HH N
| |
T i 1 N
Tt 1 Ah
=it Y
P RN
[ 3
I [ I NN '
o T NEAN N
S e EESsaasaen , h
o ! EEERERE . N
] 0[] W,
1 1 | I I
J FIEl 5T N =
Z f i B 15 0 T L P \ R
L | i L N NG
S e e " sts
i
”& 1 = | T _
g L1 111 3z 1 1
f// 2 [ ] \ A
CH — i BN
_rr“ I
~
|
l
R ] Wi X
J ] 1 7 .
mEeEE , a
N EEm R 4
mm !
N
Q
o by \
Ny P N
% NEN REN \
V o~
< N X
3 i
0
\
| I 3
SR 3
N Sa
I q <
W 3 3 S
~ bl B L
T X g = 3
! ] N N |

I
AHH T dTd LH

I
217 _ASTHL SWETD




?.

latter period of development from May 19 until May 30. During this period, the slope
is much greater. The percent moisture, on the contrary, decreases up to the May 19
date after which it increases slightly. This indicates that the final stage of develop-
ment is not entirely due to a dry matter increase but pasrtially a water content increase.
However, these data suggest a rapid intake of, prebably, organic substances during this
last period.is—indicated. Analysis of the frozen berries, if time permits, may shed
more light on this.

In regard¢ to leaf development, Figure _4- reveals the fresh weight increased
tremendously during the first 30 days of sempling. At a time corresponding to that
of fruit ripeninz, the fresh weight of leaves dropped sharply and remained somewhat
stable from the first week of June until the middle of August. Thereafter, the fresh
weight increased graduelly. On a percent moisture basis (see Figure i), the water
content percentage of the leaves decreased almost as rapidly during the pre-harvest
period and thereafter gradually decreased up to the last date of sampling in October.
Conversely, the percent dry weight increased rather rapidly before harvest and increased
only slightly after June 30.

It is difficult to interpret the significance of the severe drop in leaf fresh
weight beginning with the time of harvest. It may have been due to a rapid moisture
or organic material movement from the leaves to the fruit, or this period may coincide
with a period of higher air temperatures and a higher soil moisture stress. A review
of the weather data of these production areas may be of value in clarifying this
phenomenon .

When the percent nitrogen content of the leaves is plotted on & btime basis (FPig. 6)
it is apparent that it decreases rapidly up to harvest, levels out a little for a
week and then continues to decrease at a much slower rate. The other nutrients will be

thus chartes when they are received so that a period of relatively little change may
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8.

be selected for use in further samplings. Of interest in Figure & is the fact that

the leaf dry weight tends to increase as the percent nitrogen decreases, Thisy indicates,
perhaps, that the absolute quantity of nitrogen may remain constant during the season

and chemical analyses on a percentage basis decrease due to a gradual "dilution" of the
nitrogen in the dry weight component of the leaf. Figures 7 &8 gwe olher data.

The responses of the fruit harvested from each of the eight periodic sampling
survey plots to storage for 6 days at TO°F are given in Table 28, The main point of

interest is that there were tremendous differences in response among the lots-of

A i 2o

berries. This indicates that a varietion must definitely exist in the berries which are
marketed from North Carolina. It is hoped that these differences can be measured more
simply for field determinations of quality. Concurrently, it is to be hoped that the
cause or causes of these differences can be clearly defined. One lead seems to be with
the berry pH and total acidity. Teble 28 indicates that perheps the berry pH is
directly related to keeping quality. As the berry pH increased, keeping cuality as
measured by percent sound berries after storage. At the same time, as total acidity
decreased, the keeping quality seemed to decreases

The leaf snd fruit mineral analyses have not been completed as of this date.
However, a comparison of leaf analyses for K and Ca completed in August of 1957, one
season prior to the harvest of these test fruit, indicates that calcium content of
leaves is not related. Potassium content, however, appears to be directly proportional
to a decrease in keeping quality. These data are only of a trial basis and further
studies will be needed before any definite conclusions can be attempted. Work in
Michigan by Dewey and Woodruff has indicated thet pH and acidity are a possible
measure of degree of fruit ripeness. Therefore, results of the present study may
have been influenced by this factor. Consequently, future studies should include

determinations of maturity.



W. B, Ballinger

10 February 1959

Table 25. Response of various sources of Wolcott variety blueberry fruit to
storage at 70°F for 6 days during the 1958 harvest season.®2

Grower  Sound Leakers
Plot Berries (%)
(%)
H 89.4 5.0
] 85.7 6.8
E 82.9 Te5
A 78.9 10.8
G 7602 15.1
D 63.1 8.2
B 61.8 22.6
F 58.5 2543

(a) Data taken in cooperation with Mr. L., Kushman

(b) pH.of pulp of sound berries after storage

Berry

pH (b)

k5
337
3450
3.92
3.90
3.70
L.10

400

Total
acidity (e)

8.2
86.0
83.8
5245
54e9
6742
48.7
57.2

2K

55
45
.60

Leaf Comp. during
previous season

% Ca

L6
52
+30
32
.16
3h
48

.60

(c) Expressed as ml. of 0.I1N NaOH required for nuetralization.



Blueberry Sand Culture Studies

A. 50) versus Cl content of nutrient solution study:

Reports from vsrious states, including Michigan and New York, have indicated
that the chlorine from the muriate of potash in some commercial blueberry fertili-
zers has injured young blueberry plants in the field. The sulfate form of potassium
should be used instead. Conversely, other states, including New Jersey and North
Carolina, use this muriate of potash almost exclusively in their commercial
blueberry fertilizers since it is much cheaper.

Therefore, a greenhouse study was initiated in the Horticulture greenhouse
in an attempt to compare the effects of the chlorine and sulfate anions on two
ages of blueberry plants:(l) rooted cuttings, and (2) nursery plants (rooted
cuttings which have been planted in a nursery for an additional year).

The plants were purchased from a commercial blueberry grower in early
October, 1958,and immediately placed in cold storage at 35 - hOOF until early
December. They were then removed, the roots washed to remove soil and organic
matter, end the tops of the nursery plants were trimmed to remove all thin,
weak wood. The shoot tips were cut back to remove most of the succulent growth.
The plants were then planted in 10 quart plastic pails which were filled with
"Lillington white sand". Medium textured sand was used for the bottom half of
the pail to permit adequate drainage and the upper half, in which the roots were
embedded, was filled with a more finely textured send. This insured & higher
soil moisture holding capacity which is more favorable for blueberry root growth.

The pails were placed in four benches in the experimental design illustrated
in Figure _fl, All plants were fed a standard complete solution consisting of
8 m.e. of NHj, 3 of Ca, 1 of K, 2 of Mg, 4 of H2PO) and 10 of S0j until sufficient
plant growth was developed, so that the treatment solution could be initiated.

On February 9, 1959, the treatments were started on the nursery plants, The



W. E, Ballinger

Beneh 9

Bench 8

Bench 7

Bench 6

PeanT Type '’

Freueld . ExPEcINENST AL DEcicy for

Blueberry S0)-C1l Greenhouse Experiment

Nursery
B3 P2
9 5
Pl B2
L 8
Wl w2
) 2
C atting
Nursery
Bl B2
T 8
W3 w2
3 2
P2 P3
5 6
Nursery
B3 By
9 4
Bl P3
T 6
P2 B2
5 8
C ythng
B3 W1
9 1
P3 P2
6 5
w2 Pl
2 4

s

P2

Wl

P

B2

B3

DPLANT FYpPE

Cutting
B3 P2
g 5
Bl PL
7 4
B2 W1
8 1

Aﬁn-;@vy
B3 w2
9 2
Bl W3
T 3
P1 P3
L 6

Cutting
Bl P2
T 5
w2 w1
2 ¥
B3 Py
9 4

A/H;S€F7

wa Bl
2 7
23 P2
6 5
w3 wi
3 i

oY=

20 October 1958

white
pink
brown

Replication 1

Replication 2

Replication 3

Replication 4



B

10.
plants then had from 2 to 3 bursts of shoot growth. The rooted cutting plants
were fed on February 16 and thereafter.

The treatment solutions, composition of stock solutions and formulae for
making the treatment solutions from the stock solutions are presented in Tables
29, 30, 3/ and 32 ., The procedure for feeding and watering the plants is
the same as that used for the strawberry experiment conducted the previous year.
Incandescent lamps of 150 watts each were placed overhead with reflect:féz;s. The
day photoperiod is kept at 16 hours by an electrical time clock. Day end night
temperatures are maintained at 80° end 75° respectively.

This study will be continued until sufficient differential effects are
apparent. At its termination, the leaves, stems and roots will be measured for
length, fresh and dry weight and mineral composition (N, P, K, Ca, Mg, Cl and
50)) .

Nutrient-deficiency symptom study

A study was initiated at the same time as the S0y - Cl study in conjunction
with a student, Mr. James Hicks, to determine the foliar deficiency symptoms which
might appear on the Wolcott variety. The same techniques of feeding, watering,
light and temperature control are being used for both studies. A copy of Mr.
Hick's preliminary report is included herein., This study promises much information

which will be of value in our later nutritional field and greenhouse work.

III., Literature Review

While the author was in the process of conducting an extensive literature
review of blueberry nutrition, Dr. N. F. Childers of Rutgers University requested
that the author compile this information together with some weed control and soil
management aspects into a chapter for a textbook on "Blueberry Culture" which
he is editoring. The author was pleased to do so and Dr. Childers has accepted
the writing, a copy of which is included herein, for inclusion in his book which

is to be published in the near future as soon as all chapter have been returned by

the various authors.



W. E. Ballinger
N.CeSeCe 22 Oct. 58

Jable 27 Blueberry 50, - C1 Expt. Solns.
Soln. Total Total

no. Na NH), Ca K Mg Cations HpyPOy S0y cl Anions pH MHO'S
1 20 10 3 1 2 36 6 30 0 36 546 270
2 20 10 % 1 2 36 6 18 12 36 5.6 342
3 20 10 3 1 2 36 6 6 2l 36 5.5 420
N 10 10 3 1 2 26 6 20 0 36 B4 215
5 10 10 3 1 2 26 6 12 8 36 5.6 240
6 10 10 C 2 26 6 n 16 36 55 305
7 0 10 3 1 2 16 6 10 0 36 546 185
8 0 10 3 1 2 16 6 6 4 36 545 200
9 0 10 g 1 2 16 6 2 8 36 545 200

Note: (1) Nursery plants planted on Monday, December 8, 1958

(2) Cuttings (from storage) planted en masse, Thursdey, 11 Dec. 1958

(3) Add 18 ml. of a 2.5 ppm Fe to each solution

(4) Add 9 ml. minor element mix to each solution, composition:

El, ppm

Zn .05

Cu .004

B .04

Mn .05

Mo .01

n )

(5) Bth. e i,/,u bd. (amid Leance (LW/') 3odie §9
(‘ /"7'*}1‘ f—- L ;- 2
(?) §0°F ,dﬂ',y ) 70° /')H-Jff/

(@ /6 Ao da, — 10 Watl- neard bulds ('5/4‘11”,,7\

ol 249



774 L /e. 29 Blueberry S0j - Cl Experiment

No. Meq. of Compounds Needed Per Liter of Solution

12 Dec. 1958

Soln Fe
| equest=
A (NH)2S0, NH\C1| NHHoPOL KoSoh KCL (MgSO, NeGl NagSOy CaSOy CaCl2 Sana
1L n 6 1 2 20 3 (ppm)2, 5
2 I 6 1 2 9 11 3 2.5
3 n 6 1 2 20 3 2.5
L I 6 i 2 10 3 2.5
5 I 6 i 2 10 3 2.5
6 2 2 6 2 2 10 3 2.5
7 In 6 1 2 3 2.5
8 I 6 1 2 3 2.5
9 b4 6 1 2 3 2.5
Meq. 72 72 360 360
Per 18 1. 36 36 108 18 18 36 180 198 54 S5k
162 180
Ml. stock 50 50 100 360
Needed 25 25 50 18 50 45 50 198 2700 27 18
45 180
N of
Solution LN Ll 4N 2,16 1.0N  0.3E0 0.8 3.6N 1.0N 0,020 2.0N
No. meq_,. per liter
26 10 Sk I 5 18 39 51 9 18
No. mege per 18 liters
468 180 972 72 90 324 702 918 162 | 324

No. meq. needed for 23 weeks of feeding 3 per week) |
10,764 4140 (22,356 1656 (2070(7,452 \,;6.146 21,114

Total ml. of stock solution needed

3,726 7,452

18,000 4320 (38,880 2000 3600 14,400 6}4,800 18,000 360 36,000

Liters of stock solution to make up, therefore

|
i

18 15 l 31, | 18 1e 21, (1061. 181, 51. 181 18 1l a8 1.

Note:
(1) Ada 18 ml. of Fe (Sequestrene) solution
(2) Add 9 ml. of min. el, mix
(3) Apply 540 ml nutrient solution each feeding

|
i
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Table 2!

N
(NH),) 2S0), lobh
NH;C1 1.44
NHHZPO), 2.16
KC1 0.36
NaCl 3.6
CaS0y . 2H0 0,02

. Blueberry SOh - C1 Expte.

Stock Solutions to Make Up

12 Dec. 1958

Gms e
Equiv Gms, to make No. Total
whe 1 liter Liters Needed

66,08 95.1552 18 1712.79
53450 77040 3 231.12
115.04 2448 . 4861 18 Lh7he76
The55 26.8380 10 268438
58.45 210.420 5 1052.10
=33 w36 18 6096
§¢.09 ). 1248 30.99



Bottle |
Ltr.

Jati/e 2% Blueberry Cl vs S0) Expt.

Solution Formulae (ml of stocks for 18 1)

Silla T yp——————l

Compound

|Coda

MgSOh
FeNa Seq.
Min el mix
NapSoy
KpS0),
CaClp
CaS0y
(NE),)250),
KC1

NaCl

NH) HyPO),
NHhCl

#1
45
18

~

9
360

18

2700
50

50

2

»}lm  White

#2
45
18

9
198

18

50

45
50

Code‘

3

#3
45
18

9

50
50
100

50

4

#1
45
18

180

18

2700
50

50

5

Pink

#2
45
18

9

180

50

50
50

#3
45
18

25
50
50
50
25

|
|

19 Dec, 58

7

#1
45
18

9

18

| 2700

50

50

8

Brown
#e
45
18

9

50
50

50

#3
45
18

50

50
50
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CHAPTER 6
E‘y Wwalter £. /34[[//48."#
Soil Menagement and Fertilization

Soil menagement and fertilizestion practices vary considerably with the species,

geographic region and specific soil types within eh given erea. Cultursl practices for

the three main blusberry species produced commercislly and in home gardens vary some-

what and are gquently di ed separately. Practices and factors considered under

the soil menagement section include clean cultivation, sod culture, mulching and weed
control., Nutrient requirements, deficiency symptoms, and fertilizers are discussed
under the fertilization section, Omission of a2 species in a discussion indicetes a

scarcity of available informstion for that category.

Soil Menagement

Since the blueberry has naturally been adapted to scils which allow relatively
shellow penetration of its roots, it is consequently & shallow rooted plsat. Eluee
berry roots have no root hairs and thus require an open snd porous scil for ease of
elongation; the fine, fiborous roots cannot penetrate a firm, compact soil. (Cain
and Slate, 1953). The scil must also provide & moist medium throughout the season.
These factors cet the blueberry apert from other fruit crops and necessitate the
employment of & more precise soil menagement program.

Clean Cultivation

The highbush blusberry, from the time of the first large scale commercial
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planting at ¥Whitesbog, N. J. hes generally been grown commercisily under clesn culti-
vation. As sarly as 1921, Coville (1921) suggested thet the soil should be tilled to
keep out all competins vegetation, particulerly in e young planting. Experinents in
Massachusetts (Bailey and Franklin, 1935) with wild highbush blueberries indicated the
oceurrence of increased growth upon removal of competing vegetation.

Tillege of the soil appareantly stimulates blueberry plent growth. Doehlert (1937,
Bul, 625) observed thot growth was checked when cultivetion was discontinued in early or
mid-August. Apparently, the soil became firmly packed; leaf and shoot growth slowed
end the leaves turned reddish in color. He found, however, that blueberry plants would
continue to grow throughout October; if cultivated continually this may be due to an
increased decomposition of soil constituents and e concurrent releasal of plent
nutrients, For Massachusetts, Bailey et sl (1939 Bul. 358) recommended cultivation
from early spring to mid-August. After that, the blueberry bushes mey make growth
which is susceptible to winter injury, Cultivation in eerly spring is edvised for
mixing fertilizers into the soil as well as essisting in the control of mummy berry
by disturbing favoreble developmentsal conditions for the fungus fruiting bodies in the
soil. (Darrow, 1951).

Shallow cultivetion is essentisl since, es stated previously blueberry roots are

shallow and generally don't grow into the subsoil (Beckwith snd Doshlert, Bul. 558 1933).
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A popular misbelief st one time was that cutting of the roots at the surface made
them grow deeper into the soil., However, sinece the depth for their development is often
fixed by the depth of the topsoil layer, this merely results in a reduction of root volume.
This in turn reduces the capacity of the plent to absorb fertilizer nutrients end soil
moisture end restricts plent growth., Shallow cultivetion is slso desirable in some
regions to prevent excessive eseration which greatly accelerates decomposition of orgenic .
metter in the soil (Doehlert Bul. 625, 1937). This is especially true of the more sendy
soil types.

Beckwith and Doehlert (1933) thought that shallow tillage afforded by an Acme
: harrow was better than en ordinery one hourse shovel cultivetion. To substantiate their
theory, part of a two y.nr o0ld planting of Rancocas end Cabot varieties was tilled by
the Acme harrow to & depth of 1 to 2 inches only 12 to 14 inches from the center of the
row. A coumon cultivetor wes used to stir the soil 2 to 4 inches deep, 18 to 20 inches
from the row center., Roots, spreading deep under the zone of tillage, were not
disturbed. Yield records indiceted a gein of & to 60 percent in yield for bushes
cultivated to & depth of 2 to 4 inches es compared to those tilled to a 1 tc 2 inch
depth. As a result of these trials, a depth of 3 inches under the fringe of the outer
branches and out wes recommended; for weed control, the careful use of sn Acme harrow

end hond hoeing was suggested, Beckwith and Doehlert (1933) theorized that shallow
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cultivation hf; the soil below hard and packed on the outside of the root zone.
Cultivetion to = greater depth seemed to loosen the packed fine send end induce a
greater lateral spreading of the roots.

In general, spring toothed harrows with a close specing of the teeth are recommended
for use after the soil hes been mede friable and the more deeply rooted weeds have been
eliminatod by e small diameter disec harrow eerly in the spring, or, following & period
of little cultivation activity., Basic requirements for a tiller have also been
sugzested by Doehlert (1937) as being: *, . . less then twelve inches high where
it must go under the branches. The tall parts of the equipment should be more than
two feet from the outer edges of teeth or disca. It must pulverize the soil enough to
kill veeds and yet not deep enocugh to injure roots or check plent growth. It should be
adjustable to the slopes of mounds®,

Since blueberry roots need soil seration, many low, poorlyedrained plentings
require mounding. Meny growers have guickly observed that plants in poorly-drained
fields grew and produced better on & mound (Doehlert, 1937). Mounds provide an island
above the water-filled soil of the row centers, whereon roots may egein grow in an
aerated medium., The row centers of such plsntings are generally cultivated desply to
control weed growth which is favored there. Mounds, however, when the roots make a mat
near the surface, are difficult to be tilled and are more expensive since more weed

control must be sccomplished by hend., Also if mounds are used, a tilling tool that is
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shallow and yet conforms and adjusts itself to the varying slopes must be used

(Doehlert, 1937)s One such implement attaches quickly to the rear of meny tractors

used today in blueberry plantings., It consists of dises which have been cut by toreh

and decrease in dismeter as they are located from row middle to the fer ends of the

implement.

The sowing of cover crops soon after harvest ie recommended in meny areas to allow

for the timely hardening of the blueberry plants in the fell which decreases suscepti-

bility to winter injury. Johnston (1951) recommended shsllow cultivation throughout

the hervest season, followed by the sowing of an annual cover crop such as oats, Suden

grass, or s mixture of these, A sufficient weed cover crop is also desirable if it

can be produced, This practice has also been suggested for blueberry plentings in

QOttaws, Canada (EZatom, 1950).

Use of & cover crop after hervest is elso suggested for New Jersey blueberry

fields. It increases orgenic matter in the soil end decresses soil ercsion besides

competing with the blueberry plants for nutrients snd soil moisture so that the

plente may be properly hardened for fall., Cover crops have not as yet been generally

employed in the blueberry plantings of North Carolina.
Hoeinz sbout and between the plants, end hand pulling of weeds are cxpodﬁyp and

time consuming practices, lowever, they sre necessary for best growth, particulerly with



6.

young plants, Costs are reduced in some st;tu by using & grepee-hoe attachment on
the tractor, OCreat csution must be exercised in the use of these to keep injury to the
crowns of bushes near ground level to @ minimum as a result of en improper setting of the
tripping bars., The implement must be carefully reguleted to permit only very shallow
penetration into th-o 80il under the bushes wherein the feeding roots of the plan; are
located, These sutomatic wesders are used to a greater extent in Michigen (Johnston
1951) end New Jersey (Doehlert and Marucei 1953) then im North Cerolina (Carleton and
Kempe 1954) where farm lsbor is more available.

To summarize, cultivation of highbush blueberries should be relatively shallow,
mist avoid root injury, control weeds, aerate the soil, aid in the control of the
munyy berry fungus end generally stimulete plant vigor., This in turn tends to increase
yield.

Rebbiteye blueberry bushes heve been found to respond to clean cultivation (Derrow,
1957 ) and benefit from the elimination of competing weeds. They possess a fibrous
root system which, although it penetrates more deeply into a welle-drained soil than the '
highbush species, is nevertheless relatively shallow. The plants must conseguently be
cultivated accordingly. A cultivetion system somewhat similar to that of the highbush
may be followed,

Lowbush blueberries are produced in areas which were formerly forests end have
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been cut and burned, Clean cultivetion is not commonly employed, Chandler (ASHS 49,

1947 ), however, has reported that the lowbush blueberry msy be cultiveted by providing

cover crops and peat for inclusion into the siol. Flants selected for cultivation

should spresd well, be affected as little as possible by burning on & three year

schedule, and produce fruit of 2 good cheracter on a large number of stems,

Culture

Reletively few commsrcisl highbush blusberry plantings have been grown under sod

culture, One grown in Southeastern Michigen for approximately fifteen years was

observed to be as vigorous in size and growth as a plenting grown adjacent to it under

clean cultivation., The Kentucky bluegrass sod therein contained a thick mat of

partially decomposed grassy meterials which eppeared to simulete a mulch in many

respecte, Yield records kept on ten bush plots in each of the plantings indicated

thet the sod plenting produced st least as much fruit es the adjacent planting under

cleen cultivetion (Ballinger, unpublished, 1956).

A distinet advantage of e well-kept blueberry planting under sod culture is the

convenience afforded workers, A commercisl "pick-your-own" planting nesr Flint,

Michigan, for example, has been particulerly profiteble to the grower. Customers arse

protected from the inconveniences of walking about in & highly organiec soil by the use



of a sod cover., Disadventages include diffieculty in controlling mumxy berry.

Johnston (1937 “.Bs 19, 4) srew plants of the Rubel veriety in Michigan under sod

culture in which the planting was allowed to grow up in gress and weeds., The grass cover

was cut twice snd allowed to remein where it fell., In 1936, a season of & long drought,

the 68 plants in sod yielded only 53 quarts as compared to 156 quarts from a comparable

cleanly-tilled plot. Indications as to new growth pointed to similar results for 1937.

In general, Johnston suggested that on sandy soils, such as used, cleen cultivation

should be employed through the harvest sesson with subsequent cover ¢rops to meintein

the organic matter.

Mulehing of Highbush Blusberries

The blueberry is naturally adapted to a lowland acid soil, Attempts to adopt

it to drier soils of a lower acidity has necessitated the employment of practices to

maintain constent soil moisture contents near the surface of the soil together with

practices which would tend to incresse soil acidity., The use of mulches has been one

of the more succeassful practices, Annucl mulching hes been found to: reduce weed

growth, keep soil temperstures lower in summer, help retain uniform soil moisture as

well as moisture near the surfece, maintain better soil structure, prevent heaving of

the soil with its concurrent root injury, control soil erosion, end reduce the costs
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of eultivation (Derrow, et al, 1951, end Shoemager, 1955).

Highbush blusberyy performence wes found to be iuproved in 1936 by Clark at New
Brunswick, N, J, Plants grown on en uplend soil previously under elean cultivation
were mulched with salt, hay, leaves, straw and suden grass, Thereafter, Clark found
less weed grovth and no need for cultivation, which hed previously csused severe root
injury., The eliminestion of this root demsge may have been one of the factors responsible
for the resultant improvement in performence, The hay mulech was psrticularly beneficial
on this soil which wes naturslly uasuited for blueberry production.

Kramer, et al (1941) studied the effects of several mmlches, cover erops end
fertilizer treetments on the survival and yield of young trensplente and e8 e meens of
providing meximum protection against soil erosion for both highbush end drylend (Vaceinimum
Vecillans) blueberry plentings. The soil was an acid loam located at Beltsville, Marye
land, All mmlehing msteriesls increesed plant survival with the exception of oak leaf
maleh, The seidity of the scil was not affected very greastly by treastment of muleh or
fertilizer. Soil moisture under all mulches was about double that under clesn cultivetion,
Of particulsr note was the fact that lateral root growth end spreed in peet mulch was
much greater than thet under clesn cultivation, This greeter root spread was associsted
with a reduction of =oil erosion and & doubling of the yield, The trenching of peat

alongside the rout gave improved survivel and yield, whereas the use of a lespedeza
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cover erop reduced yields grestly. As e result of this experiment, Kramer, et al (1941)
recomnended the placemeht of orgenie matter in the hole when thlu; one should allow
the plants to become established, and then apply @& peat muleh and = complete fertilizer.

Slate and Collison (1942) found mulching to be en excellent method of soil mensgement
in some blueberry plantings. They grew plants under hardwood sewdust at ths New York
station on @ dry knoll of a sendy loam hill. Those plants grown under sswdust muleh
were much better than those under clesn cultivation. GSawdust sesmed to be & most
desireble mulching materiasl for blueberries; therefore, the mulching of relstively dry
soils in commercisl plsntings, if the meteriesl is availsble, was suggested.

Chendler and Mascn (1942) studied the effects of mulching and clean cultivatioa on
three soils in Meine, e.z. @ sandy loam, & clay loem, and a very sendy soil. At the
conclusion of the study, the mulched plote were found to contein more soil moisture then
the clean cultivated plots at both the 6 end 12 inch depthe. They concluded that
mulehing meinteined o lower soil moisture, but incressed the growth in clay loam soils,
reduced the growth of blueberry plants in the sandy soils,

Savege and Derrow (1942) reported that mulching in one form or another was necessery
for suceessful highbush growth under existing conditions of high tempersture end frequeat

deficienciscs of soil moisture in northern Georgis. On @ Clerksville gravelly loem,

3




11.
sawdust wes by far the best mulch tested due to its greater capacity for reducing surface
runoff and its effect on the retention of soil moisture; it is relatively cheap and
available in the Son‘hout. The use of loose materiesls, such as rye straw and oak leaves,
was better thom cleen cultivation, but not quite as effective as the sawdust. Comparing
the tréatments on a combined plant growth and survival basis, the mulched msterials were
rated as follows: 100 for sawdust, 54 for oak leaf, 41 for rye strew and 0 for clean
cultivation.
Doehlert, Grigzs end Rollins (1947) p]_.‘ntod highbush blueberry bushes of three
verieties, half in a medium of soil wixed with one-half bushel peat moss, and the others
in the plain Gloucester type soil (e hill-lend soil of light to medium textured,
moderstely drszined, glacial till). In the fall of the first season, three systems were
initiated: eclean cultivation, sewdust mulch, and hay mulech. After 5 years of growth,
snalyses indieated that the phosphorus content increased in the soil under all treste
ments. Potassium and megnesium were little affected, but nitrates increased under clesn
cultivation end hsy muleh, Conversely, nitrates decreased but ammonia increased under
sawdust., Little difference in minﬁro equivalent or orgenic mstter content of the
variously treated soils wes found, The fact thet plants grown with a sewdust mulch
yielded more then 6 pints more then those with hay mulch and 8 pints more than those

under clesn cultivetion was particularly noteworthy.
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As regards the convenience to ths people who worked on the pruning, harvestinz end
weed control, in these plots, a sawdust mulch was more desirsble as & soil cover then clean
cultivation or hay mulch, Sewdust was s180 essociated with a greater linear shoot growth.
No differences in plant survival cccurred as regerds the soil menagement type, However,
greater yields were produced on bushes planted in the peat soil mixture, regerdless of
soil surface trestment,

Grigzs end Aollims (1948) harvested fruit from the same bushes used for the soil
management experiments above and snalyzed for ascorbic scid and moisture content, These
constituents were found to be related to neither the variety nor the soil menagement
. type. However, some later pickings suggested that variations in ascorbic acid content may
have been associated with temperature variations prior %o hervest.

Christopher and Shutak (1947) grew Pioneer highbush blueberries on a Nerragensett
loem in Rhode Islend, The four soil msnegement progrems consistod of (1) clean
cultivetion with a cover crop of buckwheat sowed sbout the first of lugust) (2) muleh
of strew end hay; (3) mulch of sawdust, end (4) clesn cultivstion. Yields from the
sewdust plots were doubled as compered to cleen cultivation or cleen cultivation plus
a cover crop. However, @ severe infestation of guack grass in the cleen cultivated

plots mey have reduced the yield therein.
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Shutsk, et ol (1949) later found thet the straw muleh was related to higher soil
moisture contents then sawdust; cleen cultivation was associsted with the least soil
moisturs. DMulehes reduced soil tomperituro fluctuations while clean clutivation allowed
a rapid fluctuation of soil temperatures, which often epproximeted the air tempersature
after a short lage. Soil scidity wes slightly lower under sewdust then in clean culti-
vation.

Shutsk and Christopher (1952) felt thet reports on mulching blueberries up to that
time were limited end contrsdictory. Consequently, in & later work, they reported that
sewdust mulehes consistently gave higher ylelds. Clean cultivetion alone gave the
lowest yield. The size of the berries wes generally larger on the sawdust mulch plots
but there wes a slight delay in ripening, However, due to & greater total yield, from the
muchled plots more berries were svailsble earlier, The size of bush end yield were found
to be relasted; bushes under sswdust mulch were largest.

Softwood sawdust wes better for new growth then herdwood sswdust, Hardwood sewdust
was initielly finer end spperently packed too firmly, It elso broke down soconor than
softwood, which undoubtedly incluenced the aerstion of the soil, Cultural practices did
not affect soil organiccarbon or total nitrogen conteat.

Soil temperature early in the seeson was lower under these mulches but the differ-

ential decreased as the sesson progressed. In the fall, the reverse was true since so0il
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temperstures were lower under clean cultivetion then under sawdust mulch. lMulching
reduced soil temperature fluctuations to 2 percent under mulch; temperoture under clean
cultivated soil fluctusted 12 percent while eir tempersture varied 40 percent. Soil
moisture was highest under sawdust muleh and lowest under clean cultivation. Root
growth under the mulches wes heavily fibrous. Hoots grew within the sswdust mulch, but
only on the surface of the soil beneather the straw; clean cultivation wae associated
with e very poor root development.

Boller (1956) found that sawdust mulches settled 3/4 inch per year and required
annual meintenance, depending upon the specific rate of decowposition. He also reported
that un.lchef of fir sswdust elimineted the cost of cultivetion and improved the growth
of blueberries on many soils not ideal for growing blueberries, Beller reported
", . . the poorer the soil, the greater the benefit"., Most weeds except morning glory
end Cansdisn thistle are eliminated by mulching; those estsblished can be easily pulled,
hoed or sprayed.

The Rabbiteye blueberry responds well to muleching, sccording to Darrow (19572
Very little data for this species, however is aveilable, Lowbush blusberry plantings,
declining in vigor and production, may possibly have their soil fertility restored by
the spplication of mulches of peat, sewdust snd hay. However, Trevett (1956) reported

that the mulches may be herd to stebilize on the surface end, in addition, difficult
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to obtain. Onece the muleh has been applied, commercial fertilizers would be needed to

for¢e new blueberry stems up through the thick maleh layer.

Home garden blueberries, since they are generally grown on uplend soil which has

been heavily limed for general vegeteble and flower production, will almost always

respond to a8 muleh of sewdust, garden peat, or other availsble materials. Planted in

conjunction with large applicatioas of peat mixed with the soil before planting, they

often produce blueberries in soils otherwise unsuited for this crop. The material

should be applied and meintained annually to & depth of 6 to 8 inches. Vore fertilizer,

perticularly emmonium nitrogen, must be applied than is normelly recommended for blue-

berries to permit microbial sction and decomposition to commence without a concurrent

competition with the blusberry plant itself for the available nitrogen.

Disadvantages of mulching blueberries are many. Primarily, the mulching materials

are generally difficult to obtain (Basiley, et al 1939). When dry, they constitute a

fire hazard, Jome mulches increase mice injury damages, snd others, especislly

leguminous hays, mey sometimes be harmful; they should first be tested on a small scale.

Finally, the hauling end spreading of the tremendous gquantities of mulehing meterisl

needed per acre way comprise an outstending expense unless efficient methods are used

(Shoemeker, 1955).

More nitrogen fertilizer for good growth must beused when mulches of leaves, sawdust
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hay or straw are ns-od. As en example, for clesn cultivetion, only 110 pounds of ammonium
sulfate ere necessary. With mulches, two applicstions of 300 pounds each, 6 weeks spart,
are often necesssry,.

Commercislly, only relatively small areas have been mulched in New England, New
Jersey, Ohio, North Carolina end Northern Georgia with favorable results thus fer.
However, as the demend for blueberry fruit in the comntry grows (the acreage of
blueberries in the United States has long been said to be doubling every six years)
lands ideally suited for blueberry production will become inereasingly more difficult
to obtein. Consequently, out of necessity, the trend must be toward the use of less
ideally suited lands wherein the use of specizl soil menagement practices such es

malehing will be required.

’ d eria hi
Sawdust is the téut mulehing material if availsble. Softwood sawdust is favored
|
over herdwood Jdue to i“\it- more coarse structure and resistance to decomposition, Other
materials such ss horticultural or parden peat, straw, oek leaves end mowed annual
weeds have been uspd., Care must be exercised in the use of leguminous hey since it
|
may often be injurious.
l
Rocammndnmfmn for thickness of applicstion range from 2 to 4 inches or up to 6

|

to 9 inches in & solid mat. A 6 to 8 inch sewdust muleh will effectively control most
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weeds, Some investigetors, however, believe that only 3 to 6 inches of mulch need be
meintained, The amount of mulch to be added yesrly depends upon the rate of decomposition.
A one inch renewal layer has been found sufficient under verious conditions.

To reduce costs, strip mulching hss been advocated. A 3 to 4 foot strip, centered
on each row, is sugzested in Weshington. Weed killers or cultivation may be used to

control weeds in the unmulched row centers.

Weed Control

Lowbush blueberriss

Lowbush blueberry plents may persist on forest floors under conditions of low
light but seldom fruit under such conditions, Chandler end Mason (1946), as a result
of tests, found that more then 80 percemt full sunlight is reguired every year for the
production of fruit buds end large yields., The clearing of the trees and brush from
a forest is generslly followed by @ multiplying of scettered "ghost® blueberry plants,
due to more favorsble conditions of light end other growth factors. However, this land
be burned occasionally to prevent growth of brush into woodlend, which would again erowd
and shade out the blu;borrios (Smith, 1946). The land is generally burned every two
or three years to stimulate new shoot growth and eliminete many weed plants which

will not tolerate burnings, However, meny other weed plants are not eliminated and
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must consequently be controlled by some other means, This is one of the most difficult
problems with which a blueberry grower must contend.

Control of weeds in blueberry fields is different then in cultivated fields, A
blueberry vod mey be classified as any plant other thaen blueberries themselves., Chsandler
and Mason (1946) clessified blueberry weeds sccording to their effect on the blueberry
industry. The first category consisted of ", . ., plants which heve fleshy fruits that
may be harvested with the blueberries and are an adulteration in the pack, such as
bunchberry, sugar-pear, huckleberry, wintergreens, bearberry, mountain cramberry, rose
end chokeberry®,.; and second, ". . o weeds which have wind borne seeds such as spreading
dogbone, goldenrod, fireweed, milkweed, orange and yellow hawkweeds, kind devilweed,
wild fall astor snd willows®, The third cetegory consisted of "', . . weeds which form
dense messes and crowd out the blueberry plants, such as bush honsysuckle, sheep-laurel,
bunchberry, and winterzreen®. A fourth category included woody wesds normally oceupying
newly cleered lsnd, such as older, birch, swset-fern, willow, hszel, and sprouting osk.
The last category included weeds which blossom when insecticides are aspplied to the
blueberries, thus poisoning bees.

Chendler and Mason (1946) reported that the type of soil and its fertility greater
influence the kinds of weeds found in a blueberry field. In the blueberry “barrens”,

lder, birch, sheep-laurel and sweet-fern, (but not bunch grass end poverty grass) are
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prevelent. In old fields, however, gress is more sbundant and is generally accompenied
by cinquefoil, Cutover woodlands have the blueberries shaeded by older, poplar, bireh,
bayberry and scrub oak., 014 pastures contein weeds found in both fields and cutover
woodland,

Eaton (1950) reported the following weeds as being common in blueberry plentings:
Common brake or bracken (Eferis species L.), sheep laurel or lembkill (Xalmia

angustifolie L.), bayberry (Murica eolinensis Mill.), sweet gale (Myrica gals L.),
wild spirea, hardhack, or mesdow sweet (Spires latifolis Borlch) end wild roe or brier
(Rosa blenda Ait.).

Disadventages of weeds are meny. Among the more important are the harboring of
disease end insects and the fact that they do not allow the applieation of fertilizers
in quentities necessary to increase bush growth and yield., Over fertilization can
easily overstimulate weed growth resulting in a crowding and shading of the blusberry
bushes (Chandler and Mason, 1946).

An ideal way to coatrol weeds in blueberry fields, according to Trevett (1952)
would allow the following attributes: would not interfere with regular cropping,
would be harmless te blueberry plants, could be used eny time of the year, would not
require a lerge outlsy of cash for equipment, and would be inexpensive which would

more than compensate for any expsases involved,.
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Weed control prectices fall into three genersl clesses: mechanical meens such

as hendpulling and mowing, burning, and chemical treatment with herbicides (Trevett,

1952). Smith (1946) recommended burning eliminates meny weed plsnts. Those not

controlled by burning csn only be reduced by cutting. None of the chemical weed killers

are recommended in New Hampehire so far since they also injure the blueberry plents.

Smith (1946) suggested that cutting leafy plents in July hinders their development

and after 2 to 3 yesars of cutting, they are eradicated.

Zaton (1950) recommended annusl mowing in July, August, and September for the

control of sweetefern in Yarmouth, Nova Scotia, For meny other plants, which resemble

blueberries in thelr growing requirements, only midesummer mowing to slow their spread

wes suggested until proven control measures can be offered.

Trevett (1952) reported in some detail on the control of woody weads in the lowbush

blueberry fields of Meine., Except for PBrake fern, mowing wes not recommended as a

primery weed control presctice., It may be usefully employed in July, however, after the

epplication of chemicel herbicides, to cut the 10 percent of the weeds which recovered

from the trestment. Hend pulling is economically justifieble only for removing misses

following other less costly weed control practices. Fall or spring burning does not

control most weeds, For evergreen types, however, fall burning hes some possibilities.
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Chemical treatments appeered to be the most efficient (Trevett, 1952) and acceptable

means for woody weed control., They should be applied with extreme caution, however, since

they are ususlly not selective end will blusberry plents as well, If used with care, only

@ minor amount of damage may occur to the blueberry plants,

The basic herbicides recommended by Trevett (1952) were 2, 4, D; 2, 4, 5 T, and

Asmate, These are plant hormones which become aystemic in @ plant and kill both roots

es well as tops, The 2, 4 D comes as & powder (Sodium salt) or as a liguid (amines and

esters). The 2, 4, 5T may be aequired only in the liguid form (amines and ester), A

mixture of 2, 4 D and 2, 4, 5 T is sold under the trade name "Brush Killers',

Amzate is composed of 80 percent emmonium sulfemste and comes as a powder, It is

effective against more kinds of weeds than sither of the two above., Blueberry plants are

more sesily damaged by it, however, end it is hard on spray equipment due to its ability

to corrode.

ar A cati ¥eed Kil

There sre two methods of chemical weed control. The first of these is foliar treate

ment. It must be epplied to the plant only when the plent is in leaf and is thereby

limited to the growing season (Trevett, 1952). The other, stub treatment, in which the

herbicide is applied efter mowing; it can be applied throughout the year asnd gives better

control of some weeds,
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Folier applications of chemicals msy be masde in several ways. First, the entire
field or ares may be covered rapidly end economically using a power spray rig, using a
2, 4 D type weed killer, Its use, however, is only for thick and extensive growths of
two or more year old Sweet fern and Bayberry., Under these conditions the spray wets only
the protective umbrella of bunlw-topp.od weeds; thereby, most of the spray is kept off the
lower laysr of blueberry plents. Area spraying is generally limited to relatively new
fields.

Spot spraying is en elternstive to erea spraying end enjoys = more widespread
acceptance. A hand spreyer is used to epply the herbicids to individual clumps of weeds
during summer months (Trevett, 1952). A hand boom with @ single nozzle of a garden
type knapsack sprayer or a power sprayer is used to limit the sprey to the weed clumps
end minimize contact with the blueberry bushes, This method is useful to coatrol alder,
willow, birech, maple and other clump weeds.

A disadvantage of sprays for weed control is that the wind msy cause the herbicide
to drift to nearby blueberry plants. An elternstive practice, which reduces the effects
of wind, is the brush method, A film of an herbicide solution is deposited on the leaves
of susceptible weeds using a large, B#Imﬁ:rd-: ;;Jsh. “wrepped with-sa-sbsorbent
cloth, A lerge brush (8 to 12 inches wide), wrapped in an absorbent cloth, is dipped in

the weed killer solution and epplied from the bese of the weed upward with jabbing or

sawing strokes. Both sides of the leaves and stem are thus thorougly covered.
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The glove method is a good substitute over hand pullinz of sweet fern. A cotton
glove, worn over a rubber glove, iz kept qbln by dipping in @ peil of weed killer.

Weeds are grasped as closely to the blueberry bush as possible and the glove is then
pulled lightly upward thus wetting the weed., Herbicide must not be allowed to drip on
the blusberry plants,

eatient with we: 1

Spraying stubs of woody weeds after mowing is an effective meens of controlling
woody weeds at any time of the year, It reduces the resprouting of weeds such as bireh,
alder, and Red-maple, which send shoots only from the clump, Less resprouting of treated
clumps occurs if the ground is not frozen at the time of the treatment. Stub treatments
are less effective on plents such as poplar which send shoots up from roots at & distence
from the clump.

A very concentrated spray solution is used., Therefore, caution must be exercised
during placement, The use of a protective “shoe" on the end of the spray wand end the
use of low spray pressures sre effective means of reducing spray splattering which might
contsct blueberry plants,

Toxic vepors are givea off by the esters of 2, 4 D and 2, 4, 5 T used for stub
treatments. Injury .to blueberry stems three to four inchessway from treated stubs

been observed., Therefore, it is best to use these when the blueberry plants are not in
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The contect method for foliar applications of chemical weed killers is mainly used
for weeds such @& popler., A blanketing materisl on & wooden frame moistened with weed
killer solution, is dragged ascross the tops of weeds and es far down es possible without
touching the blueberry plant tops which are below the layer are being covered.

Classification of Weeds and General Recommendations for
Chemical Weed Comtrol (Trevett, 1953)

The more common weeds can be grouped into three classes on the basis of esse of
killing with 2, 4 D. Trevett (1953) classificetion is presented in Table 1. Veeds
under Cless I are susceptible to 2, 4 D and may be killed by one foliar epplication of
a 2000 parts weter solution of 2, 4 D ecid from amine formuletions, These weeds may
also be controlled by stub treatments using four pounds of 2, 4 D seid or four pounds of
total acids from a wixture of 2, 4 D and 2, 4, 5 T ester formuletions per 100 gsllons
of kerosene or fuel oil.

Class II weeds are moderately resistant to 2, 4 D and mey probebly be killed by
repeated applications of a 4000 parts per million water solution of total acids from a
mixture of 2, 4 D and 2, 4, 5 T amine formulations.

Class III weeds are very resistent to 2, 4 D. They mey or msy not react to 2, 4 D

end @ kill is not probsble efter several epplications., For control of these weeds, @
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4000 perts per million water solution of 2, 4, 5 T acid from amine formulations mey be

applied. For Red maple, one pound of Ammste per gellon of water with a sticking agon’;
(Du Pont °Sticker-Spresder end Triton B 1956" are examples) mesy be used.

The costs of weed control sre difficult to caleulate (Chandler end Mason, 1946), due
to verietion in weed sizes, kinds ond numbers present in a given field., Woody shrubs
have to be saewed or cut; herbaceous weeds need only chemical sprays, The costs for
chemical sprays, strenge as it seems, was found to be much higher than hend cutting.
Chandler and Mason (1946) reported thet costs in Meine in 1946 ranged from 50 cents an
acre to 50 dollars an a¢c e depending upon the method used for control end the number and
kinds of weeds encountered.

Highbush blusberries

The normal mesns of weed comtrol in most highbush blueberry plantings ere still
the hoe and cultivator used in cleen cultivetion. The use of a mulching system reduces
the need for weed control but nevertheless requires a constant battle to prevent weeds
from becoming teo firmly established.

The possibility of chemical weed control in highbush plantings has been demons trated
(Hi1l, 1958). Swartz and Myhre (1954) recommended that e mixture of 1 1/2 quarts of
Dinitro Weed Killer, 30 gellons of Diesel oil, end 70 gallons of water be applied in

Weshington State during lste fall, In Delaware, Hitz and Amling {1952) reported that
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C. M, U, (3=p=Chlorophenylel, l-dimethylurea) at 1 aad 2 pounds per acre gave adeguate

weed control with only two sprays during the growing season.

Applicetions of Simagin in North Ceroline have shown promise, In Massachusetts,

Monwron {C.M.,U,) was found to be too potent for safe use on zll varieties of blueberries,

Diwron, which is less soluble, but sluost as effective, has been found to give good conirol

of annual weeds when applied as a pre-emergence spray. The Food and Drugs Administration

has recently grented e label for use of Diwron in New Jersey and Massachusetts blueberry

plantings (Bailey, 1958).

Hill (1958) reported excellent results when Xarmex DV end amino triszole were

used, With small fruits, chemical weed control should be used as a mesns of preventing

rather then overcoming the weed problem (Hill, 1958).

Trevett and Murphy (1958) suggested the use of Premerge and Sinox FE weed control in

cultiveted highbush blueberry plentings. It is for control of annual weeds only. Apply

at the rate of 1.5 to 2 gallons per acre in early summer or as weeds appesr, New blue-

berry shoots will be injured if spreyed. Therefore, apply well beneath the folisge of

the blueberry plaat.

Fertilization

The blueberry plant must make strong vigorous growth to be fruitful each year,

This necessitates the menipulation of favoreble cultural practices including fertilization.
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Berry =ize and other responses have been related to the ﬁgor of shoot groufh as
expressed by size (Shutak, et al, 1957). Bailey (1939) has stated that ". . . since
suecess with blusberries depends on growing large berries, the plents must be kept
highly vigorous, The need for strong growth is all the grester because of the severe
pruning xfo_qutrod. A fertile soil is therefore importent, Some blueberry soils are
naturally sufficiently fertile and contein adeguate proportions of eorganic matter and
nitrogen. Others are no longer fertile, psrticularly the lighter minersl soils which
have been long cropped, end reguire replacement of the depleted nitrogen to duplicste
this netural fertility. WNitrogen applications, therefore, have been found to provide
the greatest response to fertilizetion of bluoborﬂu.

Sinee blusberry production is relatively en infont in comparison to the long=-term
establishment of other fruit industries, comparatively little investigative work has

been empiricslly sccumuleted on its fertilizetion. The lerger fraction of that
{

{

aceomplished hes been on the highbush blueberry species.

Hutrient requiremente end Deficlency Lymptoss

Butritica studiss in the gresnhouse
Sendl culture experiments with rooted cuttings of the Rubel bighbush blusberry were

eonducted by Doehlert snd Shive (1936) using e four salt nutrient solution in which the

selts were veried while the osmotic concentration was held constant. The most favorable
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solutions for growth and yield were high in nitrogen and low in phosphorus and potessium,
Nitrates appeered to be superior to ammonium nitrogen., However, the solutions became
more acid, indicating greater cetion than enion uptake., The three best solutions from

a2 growth and yield standpoint contained 40 percent of the nitrogen in the ammonium sulfate
form. Several of the plents made excellent growth and yielded crops compersble to those
in the field. Mengenese and boron deficiency symptoms were obteined in a relatively short
time, on plants éwn in solutions deficient in these elements indicating the sensitivity
of this crop to these two trace elements.

Kramer and Sehrader (1942) grew the Cabot highbush blusberry in sand culture in the

‘ greenhouse to study the effects of nutrient solutions deficient in a given element, end the
effect of rooting media on growthe. Flent growth was excsllent in sand but even better in
sand with 2 layer of peat cbove it., Nutrient deficiency symptoms appeared on plants grown
in straight send culture but often did not appear as quickly when a layer of peat was
placed on the sand,

Peat on send cultures as compsred to sand alone were conducive to far better growth
of plante in all treatments except those deficient in potessium, If one considers the
sand alone 28 a poor sandy soil in the field, this experiment suggests that the order ia
which elements may become deficient in blueberry plentings will be: nitrogen, phosphorus,

sulfur, boron, esleium, potassium, iron, mangesium and lastly, manganese, If one assumes
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that peat on sand is similar to a field soil, then the order of appesrance of nutrient
alement deficiency symptoms on blueberries appears to be: nitrogen, potassium, phosphorus,
magnesium, boron, esleium, sulfur, iron end manganese. Peat apparently contained availsble
sulfur, caleium, iron and boron since plants not supplied these elements grew normelly

in sand under peat,

The cmission of nitrogen was associated with repidity of terminal growingepoint
abortion. The first deficiency symptom of nitrogen on the leaves appesred as s uniform
yellowing of the entire leaf followed by e reddening end dying. Older leaves were affected
first, All leaves were affected eventually however, and the plant was severely stunted.

Potassium deficiency symptoms were charscterized by marginal seorching and the
appearance of neerotic spots covering the lesves occurred first on older leaves, Inter=
veinal chlorosis later appeared on new growth from auxillary buds.

Sulfur deficiency symptoms were similer to the early stages of nitrogen deficiency.

A blesched yellowinz of the younger leaves oceurred, which later turned pink. The older
leeves maintained their green color.

Caleiun deficiency symptoms appesred as an interveinsl chlorosis with the green
reglions adjecent to the veins remeining more narrow then in the case of potesssium defi-
ciency. Symptoms first appeared on younger growth, Csleium snd sulfur symptoms in

«oter stages were similar,
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A leck of boron produced deficiency symptoms which appeered abruptly, first as a
bluish coloring on growing points end later as a chlorotic spotting on leaves subjaceat
to the shoot terminals, Severe cases were exemplified by blotched and misshapen leaves,.

Magnesium deficiency was noted es a uniform chlorosis of leaf margins; the leaf area
near the midrib of the leaf remained green. In lster stages, the chlorotic areas becaome
red and necrotiec, Older lesves were affected first.

Phosphorus deficiency symptoms were characterized by & slight purpling of the leaves
and stems. Color was dull compared to the normsl green leaf color.

Iron deficiency symptoms eppeared first on the younger leaves as an interveinsl

. chlorosis, decidedly similsr, but less severe then potessium deficiency symptoms on
younger lesves, In general, the interveinal chlorosis of leaves deficient in iron,
potaseium, end calcium were somewhat similar, suggesting a common maladjustment of the
leaf processes by any or all of these three elements,

Manzenese deficiency symptoms were not apparent during the period of experizéntation.
The mangenese deficient cultures were continued until it appesred that a lack of rengenese

resulted in a breakdown of the auxillary buds,

Rabbieteve blueberry defieiency symptoms were produced by lMiaton, et al (1951) using

plents grown in erocks of quertz send, Deficiency symptoms were very gimilar to those of
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Kramer and Sehrader (1942) for the highbush blueberry but were sufficiently different to
justify their inclusion herein.

Nitrogen deficiency symptoms were noticesble 4O deys after initistion of differential
treatment, Leaves wers smaller, turned yellow and reddish, and exhibited small necrotic
pinheed spots in later stages. Plants were stunted.

Sulfur deficiency was noted after 65 days which developed from a chlorosis of the
leaves to & mottled and completely bleached appearsnce, ~Affected leaves were only of
medium size end plant growth wes reduced.

Potassium deficlency symptoms appoarog after 70 days, and first appeared as an
interveinal chlorosis of young leaves; later complete leaf surfaces were blanketed with
pkhead spots which developed into s ssvere necrosis, Merginal scorching with rolling
appeared during more advanced stages.

Magnesiwn deficiency was cheracterized after 75 days as s distinct redding
interveinally followed by en upward cupping of older leaves. The affected leaves were
smaller and later dropped, leaving the besal aress of shoots bere, Foor growth resulted.

Phosphorus deficiency symptous appeared after 90 days as a darker green eolor on
leaves which were smeller then normel,

Calcium deficiency, after 90 days, was observed as a scorching of both old and new

leaves which cupped upwerd, The leaves and plant growth were of moderate size.
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Deficiency symptoms in the field

Iron. Highbush blueberry plentings on many marginal, less acid and drier soils have
long been observed to exhibit e yellowing or interveinal chlorosis of the leaves.
Beiley (1936) observed that meny leaves on several verieties in a planting in Massachu-
setts were turning reddish-brown interveinally while the veins remsined green. As the
symptoms beceme more severe, the leaves turned yellow imterveinally; later the entire
leaf surface turned yellow.

I? advanced cases, new bassl shoot leaves were stunted end both leaves and shoots
were yellow, Generally, the tip leaves showed the symptoms first. Bailey observed
that the symptoms occurred mostly on plants whose soil hed s low orgenic matter end was
quite dry. No relstionship was obvious between soil pH and chlorosis., Several trisl
trestments were made using mengenese sulfate, sodium nitrate, esmmonium sulfate, ferrous
sulfate, German peat placed in trenches, a complete fertilizer, megnesium sulfate and
zine sulfate., Only the plants treated with ammonium sulfate showed signs of allevietion
at the time of Bailey's first report in 1936.

Bailey and Zverson mede another report in 1937 on these trials. The greatest
recovery was from the ammonium sulfate. A month was required for the re-greening of
leaves sprayed with ferrous sulfate solution; recovery was temporary, however. Mangenese

sulfate trestments proved toxie., The difficulty wes sssumed to be a lsck of iron siuce
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the ferrous sulfate spray effected the reappesrance of green color oanly in spots where the
spray contacted the lesaves. Color did not spread from these spots. Additional confirmation
was obtained from soil enalyses wherein the amounts of ferric and ferrous iron in the top-
s0il end subsoil of chlorotic plants was epproximately one-third that of the soil of

healthy plants.

To further substentiete the diagnosis, blueberry plants were grown in crocks which
had from 5 to 40 grems of lime added, Chlorosis appesred on sll lime trested plants,
increasing in severity as the cuantities of applied lime increased. Perhaps this was due
to an inerease in pH of limed soils from pH 4.2 to 6.4 which decreased iron sclubility.
Ferric citrate erystals plsced in a slit in the stem of one plent ceused the chlorotic
leaves sbove end below this point to turn green., Therefore, Beiley and Everson (1937)
concluded thet an iron deficiency was causing the echlorosis.

Kramer end Sehroeder (1945) theorized that frequent reports of iron deficiency ia
plents may be explained by the sction of amphoteric proteins in blueberry leaves as
eastions. This, they claimed, may explaein the differential absorption of anions, If
snion redicals are absorbed in excess, it may be difficult to keep iron in the binoborry
plant in the reduced availsble form., Along these lines, Lindner end Harley (1944)

studied the lime induced chlorcsis of pear, apple, peach and cherry trees growing on
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leaves, They theorized that excessive potassium ebsorbed from high-lime soils may be the
cause and not the result of irom chlorosis., The potessium in the plant may displace iron
from enzymes involved in chlorophyll formetion.

Cain (1952), conducting & number of mil-ualo experiments to study nutritional _
requirements of the blueberry plant, corrected a marked yellowing of young foliage on
blueberry plaents grown with 2 high caleium nutrient solution in ssnd culture. Additions
of iron tartrate to this culture temporarily corrected the chlorosis. Later, addition
of ammonium nitrogen to this previously ammoniumefree culture caused the chlorosis to
disappear for the remsinder of the season. Analysis of the foliage revealed that the
folisr nitrogen and iron content varied with the emmonium nitrogen supply in the culture
solution. Date indicated that: "Iron deficiency symptoms (chlorosis) are not necessarily
related to soil pH, celcium content, or the iron content of the foliage, since the
heslthiest plents hsd more celcium and sometimes less iron then those showing acute
chlorosis and meking very poor growth, . . .". In addition, sumonium nitrogen was
thought to be superior to nitrates for growth of blueberries, and may be involved in the
internal iron nutrition of the plent., Therefore, one of the factors for poor blueberry
growth and foliar yellowing on marginal soils may be a lack of ammonium nitrogen, i. e.,

chlorosis may be associasted with & preponderence of nitrates in the soil.
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Later, Cain and Holley (1955), in further studies of the effect of nitrogen wetabolism

upon chlorosis of blueberry leaves, compared chlorotic snd green blueberry leaf tissue with

respect to free amimo acid and basic cation contents., Amino acids, especially arginine,

were found tc increase tremendously with chlorosis. On e leaf basis, green leafl tissue

showed greater dry weight and bassic cations in green leaf tissue. Csin end Holley stated

that a deteiled interpretation of these relationships awaits further resesrch.

Wynd end Bowden (1951) found thst chlorotic blueberry bushes near Athens, Georzia,

responded to a very insoluble iron containing glossy frit. Rabbiteye blueberries were

grown on a Cecil clay loam with @ topsoil pH of 5.2. These five year old plants had

previously been sprayed with ferrous sulfete sprays of one pound per 25 gallons water;

leaf color was improved subsequently but the effect didn't lest end was costly to apply

periodically as e means of continually supplying iron.

Consequently, a finely powdered glossy fruit containing 5 percent ferric oxide was

applied at the raete of five pounds per bush and mixed well in the upper 12 inches of the

soil. After 194 to 445 days, complete recovery of leaf color was obtained.

Hill (1956) used iron chelstes to help correct chlorosis in blueberries. One-hundred

grams per bush of iron chelate, evenly distributed and worked into the soil about the base

of a four year old plent, effected the disappearance of chlorosis within 30 days. During

the next season, the treated bushes displayed a vigorous shoot growth sccompanied by
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heavy bud development and dark green foliage. Recommendations included the use of 1.5

ounces iron chelate to small, newly established plaents snd up to 4 ounces on larger, well

established ones,

Ballinger (1957) (thesis), during a nutritional survey in Michigen in which pere

centages in excess of 10 percent of calcium on the soil exchange were iated with
poor gowth of highbush blueberry plantings, observed some bushes with chlorotic leaves
which were growing on a merginel upland soil of pH 5.2, The calecium in the soil of
these bushes occupied 48 perceant of the soil cation exchenge system. Anslyses of foliar
tissue of these bushes; displaying a complete yellowing as well as less edvanced stages
of interveinsl chlorosis, revealed that the leaf iron content wes about half that of a
stendard content established for leaves in normal Michigan plentings. Concurreantly,
the potassium content of these leaves was 123 percent of the standard leaf value
determined for that element, This mey lend support to the theory of Caine ( )
thet excessive bases in the blueberry leaf may interfere with the utilization of iron
within the leaf,

Megnesium., Mikkelson and Doshlert (1950) reported megnesium deficiency symptoms in
bighbush blueberry plesntings in New Jersey. The symptoms were expressed during the time
of berry ripening and begen on lower leaves of rapidly growing shoots as a merginal and

interveinal pale green coloration., Later, the affected arees turned a yellowish olive
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green which evolved into a vivid orange and red in advenced steges. The plants were
located on a Leon sandy soil with a pH of 4.0 to 4.5. Six hundred pounds of a 77«7
fertilizer had been used in the regular fertility program.

The application of 70 pounds per acre of msgnesium oxide in the form of magnesium
sulfete (Epsom salts) and 300 pounds per acre in the form of Dolomitic limestone in
September corrected the deficiency the following season. Magnesium content of leaves
from plants under this treatment wes greatly incressed over that of leaves frou; the
untreated plots of chlorotic bushes,

Popenoce (1952) studied an abnormal foliar condition of highbush blueberries of the
Rancoces veriety grown on a Saessafras gravelly loem soil at Beltsville, Maerylaend.
Anslyses of the lesves indicated & low level of magnesium snd suggested that these
symptoms similar to those deseribed by mkkcilon and Doehlert (1950), were related to a
magnesium deficieney. The symptoms appesred as a marginal reddening of the basal leaves
and covered neasrly half of some of the more severely affected leaves, After fruit
harvest, the second flush of growth was free of the abnormality. As the following yeer's
fruit wes maturing, the symptoms appeared once more., These differed from those described
by Mikkelson snd Doehlert (1950) in that they did not become more severe as the season
progressed, Applications of Epsom salts st the rate of 200 pounds per acre did not

effect a reecovery from the disorder, Popenoe theorized that the magnesium - potassium
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ratio might play an importent role in the expression of these symptoms.

Bailey and Drake (1954) found magnesium defieiency symptoms on leaves of highbush

blueberry plants grown on a Gloucester sandy soil of pH 3.8 to 4.2, The older leaves of

the plents displayed typical yellow and red colorstion botween the veins. An analysis

of the leaves substantisted that megnesium was very low., From 25 to 150 pounds of meznesium

oxide es Espom salts snd 100 to 600 pounds in the form of Dolomitic lime were applied to

the soils All treatments increased leaf magnesium but hed no effect on leaf potassium,

caleium or nitrogen content. Particulsrly noteworthy wes the fact that 1.5 tons per aere

of limestone did not ceuse leaf chlorosis and only increased the soil pH from 4.0 t0 5.2,

whick is slightly above thet of en idesl blueberry soil. As little as 25 pounds of Mg0

8s Epsom salis and 200 pounds Mg0 as Dolomitic limestone almost eliminated the megnesium

deficiency symptoms.

Boller (1956) suggested that conditions ceusing mineral deficiency indications on

blueberries may be due to seversl factors such as: (1) not enough or poor distribution

of soil moisture, (2) e smell or weak root system, due to poor drainage, insect injury,

fertilizer burn, disease, or en excessive packing of the soil, (3) insufficient guentities

of aveileble ammonium nitrogen (nitrates are often toxic), end (4) e lack of some other

fertilizer element such as phosphorus, iron, end so forth.
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Fertilizer Practices and Recommendations

The discussions during the foregoing sections of this chapter have emphesized some of

the culture and nutriticnel factors required for normsl growth of the blueberry. Since
/
these factors vary considersbly with the species involved, the discussion of blueberry
fertilizer practices and recommendations werrants a grouping of blueberry discussions below
in respect to the three main species, the lowbush, rebbiteye, and highbusk,
Lowbush blueberries
ectives in fertilizer tic

Ffor meny yeers the lowbush blueberry industry in the northern section of the United
‘tates hss eonsisted primesrily of the harvesting of the fruit in wild stands on cut woode
lend, Periodic burning every second or third year has been the principle mesns of pruning
end meinteining vigor, As the industry grew, however, a decline in soil fertility end
productivity in older fields wes recognized. Consequently, means of maintaining end
incressing production, including fertilization, have assumed added importance.

vason (1950) well summerized the goel of lowbush blueberry fertilization as follows:
“Tall stems ordinarily produce more fruit buds than short stems. Consequently the objective
of the grower during the yesr of the burn is to produce a tall stem early so as to insure
sbundent fruit bud formetion for the first fruit crop. The objective during the year

after burning is to produce numercus side branches, without deersasing the production of
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the fruit crop. These side branches are essential for cobtaining s high-ylelding second
erop if a three yesr cyecle is followed." Although ylelds mesy be improved in some instances
by the use of fertilizer, fertilizers should be used with csution. Excessive fertilization
may cause excessive growth during the first yesr of the burm, resulting ian tall, thin
stems with few fruit buds, Rgtes of fertilizer applied must not upset the delicate balance
between vegetative growth and fruitfulness, The most desirable procedure is a compromise
between the objectives which will produce the best blueberries end at the same time the

least stimulation of excessive wead srowth which mey shade out the lowbush plants.

Zxperimental background

chan.dlor end Mason (1933) studied the effects of fertilizer on the native Maine low-
bush blueberry. All possible combinations of nitrogen, phosphorus and potassium in
fertilizers were compared, The results revealed that a complete fertilizer save a 128,6
percent inecrease in yield, Nitrogen in the fertilizers incressed growth, number of fruit
‘buds per stem, and yield over untreated plots, Plots receiving phosphorus sand potassium
showed no apprecisble inerease in yield over plots receiving no fertilizer. All fertilizer
treatments decreased fruit reducing sugers., The acidity of the fruit tested varied from
PH 3.63 to 4.1l and wes highest in fruit grown on bushes fertilized with swmonium sulfate.

Lowest fruit scidity was sssocisted with fish mesal fertilizer applications, A plot
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treated with a e\mnganuo fertilizer yielded fruit whose acidity was similer to the cheek,
but whose amino scid and total nitrogen content was higher then thet of the check plant
fruit, It appears that the different amounts of nitrogen in these various fertilizers
affected maturity, and indirectly, the berry constituents.

Smith, et el (1946) set up hundreds of fertilizer plots on different bluoborry/
plentings; most were on older, poor yielding areas. These represented plantings which had
been burned the yeer before, the second, end the third years respectively. The following
epplications failed to give beneficisl results: phosphoric acici. suriate of potash,
hydrated lime, potassium sulfate, sulfur dust, lamp blaek, charcosl, end wood ashes. In
194k, & 7-7-7 ratio fertilizer at the rate of 200, 500 and 1000 pounds per ac e and nitrate
of soda at the same rates were spplied in Mey end June., All 7-7-7 treated plots yielded
better than the sodium nitrate ones and provided good shoot srowth. Sodium nitrate
applications over-stimuleted weed, grass, @nd blusberry stem growth., Applications of
anroniun sulfate increased shoot growth, the number of blossoms per shoot, and the fruiting
area of the shoots, However, it produced less fruiting sree then the 7-7-7 fertilizer,

No differences in ripening or size of fruit were found related to treatment, Increases
in yield were due primerily to grester numbers of fruit.

Chendler (1943) emphasized that excessive weed growth resulting from fertilization

of lowbush blusberry plantings is frequently responsible for reductions in yield due to a
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shading of the blueberry bush, Mason (1950) confirmed that the use of fertilizers may
cause low growing weeds and grasses to become raenk and crowd out the blueberry plants.
The emount of fertilizer used, therefore, should be between that needed by the blueberry
bush and the amount causing excessive weed growth,

Mason (1950) reported that complete fertilizers are not always better then nitrogen
alone, Hesponses to nitrogen epplicetions have been most striking; the use use of
phosphorus snd potassium has not generally been shown to be beneficial, At the time of
his report, it was only profiteble to apply nitrogen fertilizer alone,

Eaton (1950) reported thet fertilizetion in Censda had not gemerally bsen inecluded
in lowbush blueberry menagement, Nitrogen, phosphorus and potassium fertilizers were
tested in Yarmouth County, Ottewa, for three yeers as separaste applicetions and in all
possible combinations. No consistent response was observed besides incressing growth of
grass in plots receiving nitrogen. Eston (1950) ceutioned thet the contact of fertilizer
with blueberry foliage mey result in da@?o; application was recommended during the psriod
prior to bud opening.

Trevett (1955) found that the size and vigor of shoot laterals, together with
intensity of the formation of laterals seemed to be relsted to nitrogen availebility to
the lowbush blueberry plent. Higher lavels of nitrogen produced a greater number, as well

as more vigorous laterals, than plents of lower nitrogen levels, However, he reported
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thet the contrel of grasses end herbaceous plents must be controlled before an increase
in nitrogen to the plants can be mede,
Recommendations
Amount of fertilizer to apply - No two fields =re alike and the grower mist determine
for himself what smount of fertilizer can be applied. Small sections of each field should
be tested to provide the effects of fertilizers on weed growth as well as the deairability
of fertilizing., A summery of recommendstions for trial applications (Trevett, 1950) in
relatively grass-free fieclds are as followss
1, Fertilizer applied during the burn year.
a. If the majority of one-year stems are less than 4 inches in length,
apply 30 pounds per acre of actual nitrogen.
be If the msjority of one-year stems are more than 6 inches in length,
apply 15 pounds per aere of actual nitrogen.
2, Fertilizer applied in the first crop year in a three year eycles
8. Apply 35 pounds per acre of asetual nitrogen if the ma jority of one-year
stems is L inches long.
b. Apply 20 pounds per acre of actuel nitrogen if the me jority of one-year

stems is less than 6 inches long.
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3. Fertilizer applied in the second crop year in a three year cycle
a. Apply 40 pounds of actusl nitrogen per acre
Kinds of fortilizer to use
Responses to fertilizer have indiceted that only applicstions of nitrogen ars
generally profitable for lowbush blueberry fertilization. Nitrogen may be obtained from
complete fertilizers such as 7-7-7, 10-10-10, or 5-10-10; or more economically from
sodium nitrate, ammonium nitrate, ammonium sulfate, or a2 similar product.
£ sti
The fertilizer should be spread uniformly over the entire field by hand or by
machine, Hand brosdeasting is made more accurate by dividing the field into strips ten
feet wide and one hundred feet long, and then determining the number of handfulls of
fertilizer that must be spread over this area to provide the desired acreage rate.
Wi ) ertiliz
r;rtiltmn may ceuse injury to blueberry foliage or newly cpened buds, Therefors,
it is desirable to apply it in the spring 7 to 10 days before the initiation of growth.
The Rabbitoye Blueborry
Helatively little informetion is aveilable on this species, but Derrow (1957)
reported that Rabbiteye plantings respond to fertilization. Applications of L8-l, L-3-6,

and -8-8 fertilizers in Floride (1941) have 2ll been found to be beneficisl, The
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formulations with 6 to 8 psrcent K0 asre more desirable for older plentings. An 8e6el4
formulation applied 2t the rate of 100 pounds every two or three yecars is also satisfactory.
The following rates of application have been suggested:

1. Ono-half to one pound per plant for first year plantings

2, One end a half to two pounds in the second year,

3. Two and one-half to three pounds in the third year.

4o Five hundred to eight hundred pounds per acre for mature plantings.

Fertilizer recommendations for the Rebbiteye blueberry in Georgia (1957) included
the use of an 8-8-8 fertilizer formulation applied at the rate of L0O to 600 pounds per
acre together with an annual supplemental sidedressing of 200 to 300 pounds per acre of
emmonium sulfate,

Highb B L)
Manuring

As early as 1910 (Ceville 1910), manures have been thought to be detrimental to
the blueberry. Coville (1921) reported that steble manure stimulates vegetative growth
but may cause injury later.

Johnston (1943) treeted 10 blueberry plants of the Rubel veriety, growing in o good

blusberry soil in Michigen, with a ecubic ysrd of horse mesnure cerly in the spring of 1940,
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This was plowed under and worked into the soil during the growing season., The application
wes repeated in the spring of 1941, and in the spring of 1942, a cubic yerd of cow manure
was added, Yield records revesled that the 18 plants receiving menure yielded 631 pints
of berries over & 3 year period; eighteen comperable plente not manured yielded 639 pints,
an insignificent difference in yield. A phenomencn of note, however, was thet consider-
ably more berries ripaned et the first picking of the manured bushes. Johnston surnised
that this effect may have been due to the extre nitrogen conteined in the menure, Foliage
of the manured bushes was s darker green then of the plants not receiving menure. In
general, however, in contradition to early reports, no injury occurred from the use of
the manure, The laek of response may have been due to an already sufficient orgenie
matter content end nutrient supply of the scil., Johaston theorized that Coville's
fiilurc. wherein msnure was mixed with scil in the hole during plenting, mey have been
due to resultsnt air pockete next to the roots of the plant which resulted in dessication.
Johnston coneluded that manure would be more beneficial on poor, ssndier soils low in
organic matter,

Bailey (1944) applied up to ten tons of manure per scre to blusberry soil with no
detrimentel effects to the plants, Horse menure was epplied in 1941 et the rate of 10
tons per sere and cow and poultry menure were used at rates to provide the seme quantity

of nitrogen. In 1942 and 1943, the emounts of manure epplied were doubled. The soil
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involved was underlein by a fine gray sand layer whose depth was variable and may have
caused more varistions than the treatments., Soil pH was L.87 to 5.33, mostly around 5.0,
Menure was not compsred to commerciasl fertilizer, No great differences in yield were
obtained, but yield and fruit size were at least as good es those resulting from the use
of chemical fertilizer.

Bailey (1958) commented on this experiment e few years later and stated thai manure
is a good fertilizer for blueberries but must be used with reason. Up to 10 toms per
acre of borse or cow manure were recommended. Since chicken menure is higher in
nitrogen content, only quantities up to 5 tons per acre should be used. Most recent

publications still do not recommend the use of manure.

Beckwith (1920) was one of the first to report on mineral fertilization of the
highbush blueberry. Applications of nitrate of soda produced very little incresses in
yield over the checks, A complete fertilizer increased yield sbout 40 percent., Benefit
from & yield standpoint was greater when the nitrogen was furnished from organic sources
in addition to the nitrate of soda,

Coville (1921) presented the findings of soms of Beckwith's experiments in New
Jersey. Yield was tripled over unfertilized plents on a sendy soil by the addition of

600 pounds per eere in the spring of a mixture of sodium nitrate, dried blood, steamed
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bone, phosphate rock and potash. Coville reported that if a blueberry soil eonteined
enough peat, fertilizer was not needed,

Crowley (1933) in experiments with highbush blueberries in Western Vashington,
doubled the yield in 1931 over check plots by using @ mixture of 100 pounds nitrate of
soda, 200 pounds of rock phosphate and 50 pounds of sulfete of potash. During the next
season, 1932, the yield of fertilized plots was incressed 2 1/2 times over that of check
plots. An inereased berry size resulding from e greater smount of new wood wes respone
sible for the greater yields., Crowley (1933) recommended the use of fertilizers for
blueberry production on some soils.’

Beckwith reported in 1933 that studies over 2 long period of time indicated that
a mixturs of 450 pounds of nitrate of soda, 450 pounds of dried blood (an organic
nitrogen souree) 800 pounds of rock phosphate, and 300 pounds of sulfate of potash
applied at the rate of 600 pounds per acre was a desirable fertilizer for blusberries,

Beckwith and Doehlert (1933) discussed this sbove mixture in more detail in
enother report. Thirty-one plots of 20 plents each were laid out using Rubel ond
Rancocas veriety blueberry plents, Reguler spplicationsin May of various fertilizer
mixtures, ineluding the stenderd cremberry mixture used for blueberries frem 1920 to

1930, were made, In sddition, second and third applications were placed at intervals
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of 2 1/2 weeks on some plots., All fertilizers were applied to provide 33,6 pounds of
actual nitrogen per acre,

Results indiecated that the yield for the first year was not greatly affescted by
trestment, On a three year everage, however, the standerd cranberry fertilizer, nitrete
of soda, end nitrate of soda plus dried blood, all geve incressed yields over the
checks (unfertilized plots). Dried blood alone, the cranberry mix with ecid phosphate
substituted for the rock phosphate pound for pound, cyensmid fertilizer (16 1/2-20-0),
end eyanemid fertilizer (1C-20-10) geve some increases, but not as much,

Beckwith and Doshlert (1933) elsc reported in this study that after continued use
of complote fortilizers on blueberries, insufficient benefits were obteined from.the
epplication of 480 pounds of rock phosphate per amere, A point of interest was that
larger yields were obtained when nitrate of soda was applied over a periecd of five
weeks rather than 21l at once, Ammonium sulfate wes not compared at the time to see
if the same effeoct could be achieved, The ‘rcveru was true of dried blood, which acts
more slowly., Later applications apperently did not help with the current crop. 4As a
result of these studies, Backwith and Doshlert (1933) recommended the listed mixture
of nitrate of sods, dried blood, rock phosphate, and sulfate of potash as e desirable
blueberry fertilizer., It should be applied et the rate of 600 pounds per scre in two

split epplications 3 weeks apart, beginning at the start of spring growth.
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Beckwith, Coville and Doehlert (1937) found that yields over a 9 year peried of
investigation vere doubled by the use of fertilizer, Amsonium salts, dried blood, end
acid phosphate had not given satisfactory results, The fertilizer mixture recommended at
this date consisted of 450 pounds of nitrete of soda, 450 pounds of caleium nitrate,

800 pounds of rock phosphate, and 300 pounds of sulfate of potash, This was to be
applied to bushes producing en average of two querts at the rate of 300 pounds per acre
in early May end another 300 poundes three to four weeks later. Small bushes were to
receive reduced amounts,

In Michigen, Johnston (1934) tested fertilizers on Rubel variety plants, Three
hundred and thirty-five pounds of superphosphate geve very good resulte, The same
quantity of a 5-10-12 fertilizer mixture slso gaeve good resulte; indications were that
applications of potach were beneficiel, WNitrogen alone proved of little value. The
lack of response to nitrogen applications might have been due to the use of a soil
already rich in nitrogen.

Doehlert (1941) studied the effect of time of application at five different pericds
for six years, sterting in 1935. A single row of 70 six year old blueberry plants of
the Rubel variety was used. A 7-12-7 fertilizer mixture, reported in 1937, was applied
at the rate of 600 pounds per aere., The yield on this sandy soil was practically doubled

by the use of the 7~12-7 fertilizer, Time of application wes not too important,



Sl.

Apparently, blusberries may be fertilized to good advantage in New Jersey at any time
during the period of April 15 to June i5. Fertilizer applied before April 15, i.e.,
before bud-breaking, wes not ss effective, Dividing the time of fertilizer applicstions,
into 3 periods, May 1, May 15 and third part in October, gave as good yields as those
bushes receiving all of the fertilizer in the spring.

Slate and Collison (1942) grew highbush blueberry plants under both clean cultivation
end & sawdust mulch, Potassium chloride in a fertilizer killed meny cleen cultivated
plants but none under ﬁlch. The injury was attributed to the chloride since sulfate
applications were not injurious, They recommended that no chlorides be incorporated in
blueberry fertilizers. In general, Slate snd Collison (1942) felt that nothing definite
. was known about the fertilization of blueberries,

Merrill (1944) found under Michigen field conditions that muriste of potash (potassium
chloride) hed o retarding effect and in meny ceses injured blueberry plants,. Appitutlou
of nitrogen and phosphorus were found moet effective for incressed growth in send;
nitrogen end potessium treatments were found more beneficial with 2 muck soil. A direct
relationship between the scoumuletion of nitrogen and phosphorus wes found in the wood of
highbush blueberry plants grown in send. Concuremtly, a direct relstionship between the \
nitrogen and potessium content of plants was found in the muck. Merrill recommended

that, until a given nutrient element is in evidence as being the limiting factor in growth,



a complete fertilizer should be used.

Beiley (1958) studied the effects of different rates of aitrogen to determine how

much is safe for applicstion and economicel for use in blusberry pleantings in Messachusetts,

Blueberries appsar to respond readily to spplications of nitrogen, Response to other
fertilizer elements is undertain. In tests Beiley reported that nitrogen was applied

es amoonium sulfate st the rete of 1/2, 1 end 2 pounds per bushe SulePo-ilag was used

to supply potessium end megnesiwm (0, 1/2 and 1 pound per bush), All possible combinations
of these were employed snd all were spresd in one spplication just before bloom. Results
indiested that growth was so stimulated by the nitrogen in the 2 pound applicstions of
emnoniws sulfate thot muich late fall growth occurred which would be conducive to cold
weather injury., Therefore, the 2 pounds is perheps excessive, Bailey (1948) speculated
that, over a period of yesrs, even one pound msy prove to be too much, UNo response was
obteined at the reporting dste on SulePo-Mag epplications. Thus, it was too sarly at

that time to draw any definite conclusions from that experiment,

Kinds of Pertilizer to Use
Complete fertilizers appear to be nocessary for top production in highbtush bluee
berries., Although recommendetions very widely, the trend seems to be toward a lel-l
ratio, Mixturss of 7«7=7, 8=8+8, 10-10-10 or 1l.ll-ll are aveilable, It is often more

economical, because of handling, to use the higher enslysss, lore recent recommendations
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include those of Blasberg (1948 ) who suggested the use of a 5-10-10 mixture in Vermont,
and Shutek and Christopher (1952) who advised applications of e 5-10-10, in Rhode Island;
Johnston (1951) end Kenworthy, et al. (1956) in Michigan urged the use of a l-lel mixture
on mineral end 8 l-2e3 or 3=9-12 mixture on organic soils. In lorth Carciina (1956), an
8-8-8 is included in the recommendations for 1957. Blueberry fertilizer recommendstions
in New Jersey call for the use of an 8-8-8 mixture., Doehlert (1953) advised the
addition of 2 percent MgQ to this mixture, Darrow (1957) suggested the use of an 8-8-8
mixture (not neutralized) for locetio.u where satisfactory practices ere still unknown.
Eaton (1950) at Xentville, Ottews in Canade reported that a 5«l0-5 mixture was used
prior to Weorld Ver II, but a standerd 9-5-7 previously suggested on apples, wes
substituted during the wer and has given fevoreble results.

Supplemental applicetions of nitrogen fertilizers sre often recomiended for use
in conjunction with complete fertilizer applications, particularly on mineral soils
low in orgenie matter. (Xenworthy, et al, 1956, Anomymous, N, C., 1956). The
amzonium form of nitrogen is generally recommended for use on soils who pH is higher
then 540=5e5.

of A )
The main objective in fertilizing is to atimulate vigorous growth, particulsrly

from the time of leaf and blossom eppearence until fruit ripening. The recommendation
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for bearing fields in New Jersey is the application of sbout half of the fertilizer
during the lest week in April end the remsinder during the first week of June, A third
application may be employed in October if nitrogen deficiency or other hunger signs sre
apparent (Anonymous, 1957).

For North Carolina (Anonymous, 1956) a complete fertilizer is recommended for
epplication when the first plants begin to bloom. Four to six weeks later, the plaats
are to be topdressed with nitrogen fertilizer, preferably of en smmonium form., For
Michigan, Kenworthy, et sl (1956) suggested two applications, the first "early in spring’
and the second in eerly June. A supplementary applicetion of ammonium sulfate on
minerel soils low in organic matter in late June was also suggested. In genersl,
however time of fertilization of highbush blueberries should be esdjusted to their needs
during times of greatest growth. Bailey et al (1950) suggested that on soils where
nitrogen is lost easily by lesching, weeds or mulches, split application of ferstilizer
seem desirsble,

of t

Blueberries are extremely sensitive to excessive quantities of fertilizer around

the root zone at any one given time, Kramer and Schrader (1945) suggested thet since

highbush blueberries grow on an acid soil neaturally low in exchangeable bases, a low
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cation requirement is necessary for grovth under these conditions, Ballinger, et al
(1957) compared soils from bushes of poor vigor with those of good vigor and observed
that the total of the three msin cations (K, Ce and Mg in percent saturstions), on the
s0il exchenge wes much higher for the poor vigor plants, Accordingly, such conditione
may possibly ceuse reduced growth in blueberry scils which ere low in orgenic matter and
relatively dry., This would lend support to the suggestion made by Doehlert (1948 ennual
blueberry openhouse) that several .mtogr-l applicstions of fertilizer should be made
instead of a single application., This method reduces the possibility of getting too
great a concentration of cations on the soil at sny one time, With another Ericeceous
plant, Azalia, Colgrove end Roberts (1956) found the totel base content of the root
medium to be inversely proportional to good growth and folisge color. Best growth and
folisge color occurred when the total base content of the nutrient solutions wes reduced
to0 @ low level, Doehlert (1957) sdvised thet blueberries grow best in an scid soil whieh
is low in nutrients,

General recommendations for emounts of fertilizer to apply to blueberries vary with
the type of fertilizer used, sge and location of plants, type and fertility of the
soil end the genersl vigor of the plent, For best results, triels using various levels
of the ranges locally recomuended should be made to determine the optimum responses to a

given fertilizer, particularly those conteining nitrogen, Ballinger, et &l (1957) found
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that yields of highbush blueberries in Michigen were directly proportional to the nitrogen
content of the leaves up to a given level. Contents of nitrogen in excess of this level
were essociated with a decrease in yields. Table ( ) lists the various fertilizers end

the recommended rates of application,

thods of A a

Fertilizer, to be effective, must be so placed that the roots of the plent are
able to absorb it; therefore, it must be applied where the roots are., Generally the area
of feeder roots o cut as far as the outer spread of the branches ebove, The spread of
roots mey often be increased by spreading the fertilizer farther and farther out into the
row each year. Very few blusberry plentings have the soil end culture practices which
permit root growth across the row balks.

» broed strip application is best. Do not place fertilizer in e nsrrow band which
causes poor distribution, (Doehlert, 1953), meking the plents more susceptible to
drought effects, Scatter the fertilizer well; do not drop in lumps.

Actual application may be made either by hand or by mschine. Meny of the lorger
plentations use fertilizer spreading mschines, but hand spreading is often justified.

Fert - Fie

Newly planted fields should never be fertilized until the roots have become
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reestablished and second growth sterts. Apply 100 pounds of ag 8-8-8 per acre (1 1/4 oz.
per bush) in o bend at least four inches eway from the crown of young plants. Une
amonth later apply @ similer emount if needed, As the planting develops, the fertilizer
rate can be incressed by 200 pounds per acre up %o the fourth yeer in the field,
Ceution = fertilizer is not a cure-sll and, during the early yesrs of a blueberry
planting, other cultural practiecas such ss ouluvatio; snd weed control must be
accomplished faithfully in order for the applied fertilizer to be efficiently utilized.
Nursery Fertilization

Blueberry euttings from the propsgating bed sere usually plsced in a nursery for
one or two years prior to setting in the field., Agein, fertilizer must not be placed
in the hole snd the plants must not be fertilized et planting time. After the second
burst of growth starts. Then, the established plents mey be sidedressed et the edge
of the root balle at the rate of 5 pounds of an 88«8 fertilizer mixture on each side of
a 1000 feet of row (Deohlert, 1953). This sidedressing mey be repeated six weeks
later but not during e drought during which the chances of injury to the young plants
from =xcessive fertilizer in the soil are increased.

2tio) Fertilizeti
Fortilizer must never be mixed with the sand and pest rooting medium prior to

placement of the cuttings in the bed. No form of fertilizer is to be applied prior teo
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rooting of the cuttings. After rooting, which is usually shown by a new burst of growth
of the cuttings, the generally accepted practice is to apply = liguid fertilizer.
Doehlert (1953) recommends & weekly epplication of s 15«30=} or 13-26-13 soluble mixture
until mideAugust in New Jersey., The solution may be prepux‘ed.by mixing one ounce of the
mixture in two gellons of weter, The solution must be rinsed from the foliage after
application, Johnston (1951) recommended that & stock solution of fertilizer in water be
made up in water at the rete of one pound of 8-8-8 blueberry fertilizer to 4 gallons of
water, Oince the fertilizer dissolves slowly, the stock solution should be made up well
in edvance of the time of use, The stoek solution should be screened to remove sll
undissolved matter which would otherwise clog the sprinkler head when used, One guert
of this stock solution umixed with one gallon of water can be used to sprinkle about 25
square feet of propageting bed. In Michigen, this mey be applied after cuttings are
rooted, This is first applied normally around the middle of July and is to be repeeted
at ten doy intervals until the third week in August, After this, epplications will
cause growth ® oceur tov late into the fall., To summarize: (1) do not fertilize until
rooting hes oceurred, (2) do not epply ia the sunshine, (3) rinse the foliage after
applicetion, and cesse applications in time to prevo}w 'wt‘ntcr injury as a result of

late growth,



1.

2.

3.

be

Se

6o
To

8.

15.

16,

17 -

* = not eited in the text
REFERENC ES

Amling,
Anonymous, 1941, Blueberries with specisl refewence to Florida culture. Fla.
State Dept. Agr. Bul. 33. New Series.
« 1953. Blueberry tex progress report. Maine Agr, Exp. Ste. Misc. Pub.
wisigteadt 1956, Fertilizer recommendstions, WNorth Caroline Agr. Exp. Sta, Leaflet
—— s 1957, Fertilizer recommendations for Georgis. Ga, Azr. @xp, Ste, Cire.

. 1933. Fruits and vq.“bl..c Ne Je Agre J\S.

. 1952, Hints on blueberry growing. Mich. Agr. Exp. Sta, Ext. Folder

Fell9e

« 1957 New Jersey fertilizer end lime recommendations. Ne Jo Agre Exp.
Stae 61!‘00 576- 1957,

Bailey, Je S. 1958, Blueberry nutrition - A progress report. Fruit Notesz. Pom.
Dept., Univ, ¥ass,, Amburst:3e4, Mer. 3.

« 1936, A chlorosis of cultivated blusberries. Froe. Amer. Soc. Hort,
Sed, 3“’3’5.6.

+ 1944, A comperison of masnure spplied to cultivated blueberries, Froc.
Amer. Soc. Hort. Sei. Ml299-300.

« 1958, Pomological pesragrephs, Fruit Notes, Pom. Dept., Univ. Muss:3el.

and M, Drake, 1954. Magnesium deficiency in cultivated blueberries
and 1ts effect on leaf potsssium, caleium end nitrogen. FProc. Amer. Soc, Hort.
Sed. 63l95.1°°o

———— s and J, N, Bverson., 1937. Further observations on a chlorosis of the
cultiveted blucberry. Proc. ‘mer. Soc. Hort. Sei. 35:495-6.

and H, J. Fronklin, 1935. Blueberry culture in Msssachusotis. lMass.
Agre iXp. Sta. Bule 317.

2 and J, L. Helley. 1950, Blueberry culture in Hassechusetis.
Mass. Agra Exp. Sta, Bul, 3.58'

Co To Smith end R, T, Weatherby. 1949. The nutritional stotus of
the cultiveted blusberry as revealsed by leaf enalysis, Proc. Amer. Soce Hort.
Sei. 543205-8,

Ballinger, Y. 2. 1957. Nutritionsl conditions of Michigen blueberry plentations,
PheD, Thesis, Mich, Stete Univ. fest Lamsing, Michigen.




2.

19. , Ho K¢ Bell and A, L. Kenworthy., 1958. Soluble solids in blueberry
fruit in relation to yield and nitrogen content of fruiting shoot leaves,
Mich. Agr. Exp. Sta. Quar. Bul. 40, 4:912-914.

20. , A. L. Kenworthy, H. K. Bell, E. J. Benne and S. T. Bass. 1958,
Produetion in Michigan blueberry plantations in relation to mutrient-element
content of the fruiting-shoot leaves and soil, Mich, Agr. Exp. Sta. Quar.
Bul. 40, 43896-905.

210 ' ] » ’ ] » " 1958'
Relation between nutrient element content of blueberry foliage and fruit.
Mich. Agr. Exp. Sta. Quar. Bul. 40, 4:906-911.

22, Beckwith, C. 8. 1933. Blueberry fertilizer. N. J. Agr. 15, 1l:k, 5.

23, . 1920, The effect of fertilizers on blueberries. Soil Sei, 10:309-14.

2. and C. A. Doehlert. 1933.
Wew Jersey Agr. Exp. Sta. Bul, 558.

25, 8. Coville, and C. A. Doehlert. 1937.
mo E- Sta. Cire. 229.

26, Blasberg, C. H, 1948, Growing blueberries in Vermont. Vt. Agr. Exp. Sta.
Pamphlet No. 19,

27, Boller, C. A. 1956. Growing blueberries in Oregon. Ore. Agr. Exp. Sta. Bul. 499.

Fertilizer and tillage for blueberries,

Blueberry culture. N. J.

28, Cain, J. C. 1952, A comparison of ammonium and nitrate nitrogen for blueberries.
Proe. Amer. Soc. Hort. Sei. 59:161-6,

29. and G. J. Galletta. 1954. Blueberry and Cranberry. pp. 121-152,
Fruit Mutrition ., N. F, Childers, editor. Hort. Publ. Rutgers Univ.
New Brunswick, N. J. 907 pp.

30. and G, L. Slate. 1953, Blueberries in the home garden., N. Y. Agr.

Exp. Sta. Ext. Bul. 900.

31, Carleton, W. M. and D, Kampe. 1954. An experimental, hydraulically manipulated,
blueberry weeder. Mich. State Col. Agr. Exp. Sta. 36:426~43L.

32, Chandler, F. B, 194k, Composition and uses of blueberries. Maine Agr. Exp.
Sta. Bul, 428,

33. . 1947. Cultivation of lowbush blueberries., Proc. Amer, Soc.
Hort. Sei. 49:205-7.

ks . 1938, The effect of lime on the lowbush blueberry. Proc. Amer,
T Hort. Sei. 361477,

. 35, . 1943. Lowbush blusberries. Maine Agr. Exp. Stas Bul. 423

and I. C. Mason. 1946. Blueberry weeds in Maine and their control.
m « Exp. Sta. Bul. 443.



37.

38.

39.
40,

49.

50,
51.

52,

53.

3.

- ’ + 1933. The effects of fertilizers on the
native Maine blueberry. Proc. Amer. Soc. Hort. Sei. 30:297-8.

. 1942, The effect of mulch on soil
moisture, so:ll temperature, and growth of blueberry plants., Proc. Amer,
Soc. Hort. Sei. 40:335-7.

Christ, E. G. 1958, Fruit Notes, N. J. Agr. Exp, Sta. Ext. Serv., (April 22).

Christopher, E. P, and V. Shutak. 1947. Influence of several soil management
practices upon the yield of cultivated blueberries. Proc. Amer. Soc. Hort.
Sei. 49:211-2,

Clark, J. H. and S, G. Gilbert. 1942. Selection of criterion leaves for the
identification of blueberry varieties. Proc., Amer, Soc. Hort. Sei. 40:347-51.

Clark, J. H. 1936, Blueberries under mulch, N. J. Agr., Vol. 18: No. L.

Colgrove, M. S., Jr., and A. N. Roberts. 1956. Growth of azalea as influenced
by ammonium and nitrate nitrogen. Proc., Amer. Soc. Hort, Sci. 68:522-36,

Coville, F. V. 1910, Experiments in blueberry culture. U. S. Dept., Agr. Bul. 193.

Coville, F. V. 1921, Directions for blueberry culture. U. S. Dept. Agr.
Dept. Bul. 974.

Crowley, D. J. 1933, Observations and experiments with blueberries in Western
Washington, Wash. Bul., 276,

Darrow, G. M. 1957. Blueberry growing. U. S. Dept. Agr. Farmers' Bul. 1951,

s Jo B. Demaree, and W. E. Tomlinson, Jr., 1951, Blueberry growing.
U. S. Dept. Agr. Farmers' Bul. 1951.

Doehlert, C. A, 1953. An autometic rotary hoe for blueberries. N. J., State
Hort. Sco. Hort. News. Vol. 34, No. 5.

. 1957. Blueberries in the garden. N. J. Agr. Exp. Sta. Cire. 579.

. 1937. Blueberry tillage problems and a new harrow. N. J. Agr.

Exp. Sta, Bul. 625.

. 1941. Dates for applying blueberry fertilizer, Proc, Amer,
Soc. Hort. Sci. 38:451~k,

» 1953, Facts about fertilizing blueberries. N. J. Agr. Exp.
Sta. Circ. 550,



5&'.

5.

56-

57

58.

59

61,

62,

63.
bl
65.

66e

67 °

69 .

® 70,

7i.

b

« 1944, Pertilizing commercial blueberry fields in New Jersey. N. J.
Agr. Exp. Sta. Cire. 483,

. 1948, 16th snnual blusberry open house. N. J, Agr. Exp. Ste.
Unnumbered Mimeo. 18 pp.

and J, ¥, Shive. 1936. Nutrition of the blusberry (Yaceinium
gorymbosium L.) in send culture. Soil Sei. 41:341-50.

Dow, G, F, et al. 1950, Producing blueberries in Maine. Maine Agr. Exp, Sta.

Bule 479

Beton, B, L. 1950. The blueberry. Cansdien Dept. Agr. Fermer's Bul. 120 (Publ. 754).

Grigas,

We H, and H, A, Follinas, 1947. The effect of planting trestment end soil
nensgement system on the production of cultivated blueberries. FProc. Amer.
Soc. Hort. Sei, 49:213-18,

and . 1948, Effect of soil menasgement on yields, growth,

and moisture snd ascorbie acid content of the fruit of cultivated blusberries.
Proc, Amer. Soc, Hort, Sei, 5):304-7,

Hill, R, G., Jr, 1956, Iron chelates helping correct chlorosis in blueberries.

Ohio Ferm and Home Resesrech. Vol. 41, No. 299:23,31.

————s 1958, Berries, Amer. Fruit Orower. Vol. 78, 8: 22,

Hita, C. W, end He T, Amling. 1952. Del. Agr. Exp. Sta. Mise. Paper m-

and L. E. Scott. 1953, Fertilization of blueberries on the Esstern shore.

Trens. of the Penainsule Hort, Soe. 43,5:42-5.
Johnston, Se 1934. The cultivation of the highland blueberry (Yageinium corymbosum)

¥ich. Agr. Exp. Sta. Speec. Bul, 252,
. 1951. Essentials of blusberry culturs. Mich. “gr., Ixp. Sta. Cire.

Bul. 188,

1937. Influence of cultivetion on the growth and yleld of blusberry
plents, Mich. Agr. Exp. Sta. Quer. Bul. 19, 4:23344.

. 1943, The influence of menure on the yield and size of fruit of the
Bighbush blueberry. Mich, Agr. Exp. Sta. Ouar, Bul. 25,4:374-6.

. 1953, A new method of growing blueberries in the home garden.
Mich., Agr, Exp, Sta, Quar. Bul. 36,2:226-9.

Judkins, ¥. P. 1949, Blueberry culture in Ohio. Ohio Ferm and Home. July - Auge:

107-12-



72,

The

T5e

76e

85

+ 86,

Se

Kenworthy, Ae L., Re P, Larsen end H, K. Bell, 1956. Fertilizers for fruit erops.
Mich, Agre Exp. Sta, Ext. Folder F-22i,

Kremer, A. and A, L. Schrader. 1942, Effect of nutrients, media, and growth substances

on the growth of the Cabot veriety of Vgccinium Corymbosum, Jour. Agre Res.
650"313‘”0

alot g lor . 1945. Significsnce of the pH of blueberry leaves.
Plent Physiol. 20:30-6.

£, Lo Evinger, end A, L. Schrader. 1941, Effect of mulches and
fortilizers on yield and surviwl of the dryland and highbush blueberries.
Proc. Amer. Soce Hort. Sci. 38:455-61.

Latimer, L, P, ond ¥, ¥. Sadth, 1938. Improved biueberries. N. H. Agr. Exp. Sta.
Ext. Circ. 215.

Lindner, R, C, end C, P, Harley. 1944. Flant Physiol. 19:42039.

Merrill, Te Ae 1939. Acid tolerance of the highbush blueberry. Mich, Agre £xp.
Sta. Tusr. Bul, 22:112-16,

—— . 1944, Effects of soil treatment on the growth of the highbush
blusberry. Jour. Agr. Res. 69, 119-20.

Mikkelson, De S. and C, A, Doehlert. 1950. Magnesium deficiency in blusberry.
Proc. Amer. Soe. Hort. Sci. 55:289-92.

Minton, Ne Ae, Te B, Hagler and W, T. Brightwell. 1951, Nutrienteelement deficiency
symptoms of the rabbiteye blusberry. Proc. Amer. Soc. Hort, Sei. 58:115-19.

Perlmitter, Iy end C. M, Darrow. 1942, Effect of soil medis, photoperiod and nitro-
genous fertilizer on the growth of blueberry seedlings. Proc. mer. S0c, Horte
Sei. 40:341-6.

Popence, J, 1952. Mineral nutrition of the blusberry as indicated by leaf analysis.
Mo Se Thesis, Univ, of Maryland,

Sevage, E. ¥, snd G, M, Derrov, 1942, GCrowth response of blusberries under clesn
cultivetion and verious kinds of mulch materials, Proc, imer. Soc. Hort, Sei.
401338-40,

Potash News Letter ibs, for Northeast Territory, No. 80. ‘mer. Potash Inst. ¥eshington,

Do Co Jone 1951,

Bailey, J. Se (54th Ann. Rep., Mass., Fr, Grw's Asen,)
Judkine, We Pe Chieo sp“. Circ. 7“)

Kolbe, Me (¥, Va. Ext, release, May 15~20, 1950)
Smith, We ¥, (N. H, Ext. Cire. 275)

Sehwartze, Ce Do and A, S, Myhre. 1948, Fertilizer responses of blusberry hardwood
cuttings, Proc. Amer. Soc, Hort. Sci. 51:309-12.

. 1949. Further experiments in fertilizing blueberry

hardwood cubtings, Froc, Amer. Soce Hort. Sei. 54:186-8.



[ = ga,
89,

* 90,
91,

92,

"3.

3

* 99

100,

101.

102,

103.

104,

105.

“16.

6o
o 195k Growing blueberries in the Puget Sound region

of Washington. Wash. Sta. Coll. Exp. Sta. Cire. 245,

. 1948. Growing blueberries in Washington, Vesh. State

Toll, Aer. Ixp, Sta, Cire. 150.

Shive, J, W 1933. Blueberry nutrition. N. J., Agr. 15 (No. 4).
Shoemacer, J. 8. 1955. Smell fruit culture. Chepter 5. MeGraw-iill Book Co., Ine.

Hew Yors, Torento, and London, 3rd edition.

Shutsk, Ve Gs and E, P, Christopher. 1952, Sewdust muleh for blusberries., Re I.

Agre £xp. Sta. Bul. 312,
end Lo McElroy. 1949. The effect of soil msnegemesnt on

the yield of cultiveted blueberries, Proc. Amer. Soc. Horte Sci. 53:1253«8.

Re Hindle, Jr. and E, P, Christopher. 1957. Growth studies of the
cultiveted blueberry. A. I. Agr. Exp, Sta. Bul. 339.

Slate, G. Lo and Re C. Collison. 1942, The blueberry in New York. N. Y. Agr. Zxp.

Sta, Cire, 189,

Smith, W. ¥, 1946, Culture of lowbush blusberries. N. H, 4gre Exps Stae. Zxt, Cirece

270.

le Eggert and A, T, Yeager. 1946. Response of the lowbush blueberry to
fertilizer., Proc. Amer, Soc, Hort, Sei, 4812638,

Stene, As E. 1939. Some observations on blueberry nutrition based on greenh

culture. Froe, Amer, So¢. lort. Sei. 3616202,

Taylor, Ee Mo 1955. Pertilizer and mulehing experiments on blueberry. Frog. Rep.

Dom, Blueberry Substaet. Tower Fill, N. Be pp. 12-13,

Trevett, M, Fo 1952, Control of woody weeds in lowbush blueberry fislds, Maine

Agre Exp. Sta, Bul, i}”o

1956, Observaticns on the decline end rehebilitation of lowbush
blueberry fields, Maine Agr, Exp. Ste. Misc, Bul. 626,

« 1955« Some growth habits ¢f the lowbush blueberry., Maine Ferm
Resesrch, Vol, 3, No. 31 ppe 1618,

o 1950. Use of fertilizer for Msine blusberries. Maine Agr. Expt.
Sta, Wimeo Report No, 8 (11 pages). .

+ 1953. voody weed control in lowbush blueberry fields, Maine
Agre Exp. Sta, Mimeo.

and Murphy., 1956. Chemical weeR killers, 1950, Meine Agr. Expe Sta.
Mise, Publ, 632.

Wynd, Fe L. and R, 4, Bowden., 1951, Response of chlorotic blueberry bushes to & very

insolube iron conteining glossy frit, Lloydia 14, 1:55+7.



Table .

Blueberries from Various States

Chandler and Mason
Dow, et al

Beckwith and

Beckwith and
Doehlert

Doehlert

Christ

Johnston
Johnston
Johnston

State

(1933) Maine
(1950) Maine
(1953) Maine
(1946) New Hampshire

(1941) Florida
(1957) Georgia

(1920) New Jersey
(1933) New Jersey
(1937) New Jersey
(1944) New Jersey

(1953) New Jersey

(1957) New Jersey
(1958) New Jersey
(1934) Michigan
(1943) Michigan
(1951) Michigan

A List of Commercial Fertilizer Recommendations for

Rate
of Application
Formulation Acre
N 50-60
N 15-40
10-10-10 200-350
7=7=7 200-1000
UBeby Bmbmly 500-800
8-8-8 600-1200
Complete + 600
Organic N
6=3=i 600
b=limlyy 3-12-6% 600
T=T=Ts T=2~i 600
7=7-7 460-915%
8-8-8 4L00-800
10-10-10 320-640
8-8-8 500-800
8-8-8 1000
5=-10-12 500
6=10-6 500
8-8-8 on sand 500
3-9-18 on much 500



Table . Continued.

of Ap:]..;.:auon
—Seurce —State Formiation  (Pounds per Acre)
Kenworthy, et al (1956) Michigan Any 1-1-1 ratio on To -mny 60-
sand 100 1bs, N
Any 1-2-3 ratio on
muck
Anonymous (1957) North Carolina  8-8-8 300-400
+ Suppl, N 20-30
Bailey and Franklin  (1935) Massachusetts 7-3-10% 500-600
Bailey, et al (1939) Massachusetts =BTt 500-600
Bailey (1951) Massachusette 7-7-7, 10-10-10 500~600
Slate and Collison (1942) New York 5=10-5 550%
Shutak and Christopher (1952) Rhode Island  7-7-7, 10-10-10 1000
Crowley (1933) Washington bl i 350
Boller (1956) Oregon Ammonium Sulfate 340-425%
Judkins (1951) Ohio 7-7-7 500
Kolbe (1951) West Virginia 6-10-6, 5-10-10 500
Darrow (1951) U.8.D.A, 5=10-5 600
Darrow (1957) U.8.D.A. 8-8-8

400-600
+ Ammonium Sulfate 200-300

Footnote:

#Figures estimated using information from the respective literature. Mixed
nitrogen sources are contained in many of these formulations,



bush®=5, AM Diervilla lonicera
vy, 55 AM Rhus radicans



Locust, black or common--5, AM

Agh, white--AN mmm
Barberry, common
Bearberry*—-5 Uva~ursi
Beach=-AM - hcug.
Brier, green (Horse Erier) Smilax rotundifolia

- Cornus canddensis
;ﬂuﬂ-:mu ki Thuja cocidentalis

*red osier—s Cormus stolonifera
Ferns Aspleniun spp.
Fern, brake® Preridium a
Hawthorne~«5, AM Crataegus

B8pPe
Mpc,uu’\n-s Juniperus communis
Lilag-~5 Syringa wulgaris
Maple, red™-AM Acer rubrum
Maple, silver--AM Acer saccharinum
Maple, Acer saccharum
Ping==5 Pinus spp.
Rose, wild®. g":x mq?'
¢ ] ' »
Spruce Picea spp.
Tea, Ledum groenlandicum
Walmut, blagke-S nigra
Gaultheria procumbens

Footnote: A "S" after a weed indicates its susceptibility to 2,4-D and 2,4,5-T.

An "AN" following a weed indicates susceptibility to Ammate.



NUTRIENT DEFICIENCY SYMPTOMS

IN THE WOLCOTT VARIETY OF VACCINIUM CORYMBOSUM

by

JAMES RUSSELL HICKS



Objective(s)

The major objective of this problem is to learn the major nutrient deficiency

symptoms as they are expressed in Vaccinium Corymbosum variety Wolcott. Work

of this sort has been done on other varieties of the high-bush blueberry, but
never on Wolcott; which is grown almost exclusively in North Carolina. Second
and of lesser importance is how the Wolcott will react to excessive amounts of
the different major nutrients., It has been found in some varieties that the excess
of one nutrient will cause the plant to exhibit the accepted deficiency symptoms
for another nutrient.

The third objective and completely different from the other two is to gain
experience in carrying out experiments of this sort.

Reasons for Undertaking Investigations

In recent years the state of North Carolina has progressed much in the

production of Vaccinum Corymbosum, the highbush blueberry. Two factors that are

very evident in this movement are: 1) total acres of blueberries has been
increased and 2) higher yields per acre have been attained due to new canker
resistant varieties.

Of major importance in our blueberry industry and comprizing over fifty
percent of the total acreage of blueberries in our state is the Wolcott variety.
It is of commercial importance only to North Carolina, its home state. Because
of its youth and its fairly restricted habitat, very little is known about the
deficiency symptoms caused by the major elements. Anyone connected with fruit
growing knows the importance of having adequate sources of nutrients available
to the plant. This is important in getting maximum yield and in having a
healthy plant.

Quite a bit of work has been done on deficiency symptoms of other varieties
but so far no report has been made as to how the nutrient deficiency symptoms

manifest themselves on the Wolcott variety.



Previous Work and Present Status of Investigation

in the Field of this Project

Cain (L) reports that the type of nitrogen applied was very instrumental
in the development of deficiency symptoms. He found the nitrogen and iron
content of the leaf varied as the amount of ammonium nitrogen was varied. Even
though the nitrate form of nitrogen did not effect the amount of iron absorbed
by the roots, it did, in many cases, cause the appearance of interveinal
chlorosis often associated with iron deficiency. Another im;—)orta.nt discovery
based on this work was the fact that iron deficiency symptoms are not necessarily
related to either the iron or calcium content of the leaf, nor is it related
to the pH of the soil.

Smith, Bggert, Hodgdon, and Yegger (13) reported that the application of
a complete fertilizer (ratio 1l-1-1) increased both yield and plant vigor over
plots receiving only nitrogen. This was a very early field experiment on the
lowbush blueberry.

Later Bailey, Smith, and Weatherby (2) suggested that the blueberry has
an extremely low requirement for phosphorous, potassium, calcium, and magnesium.
In North Carolina (8) the recommended fertilizer program is to bring the soil up
to a high level of both phosphate and potash before planting, then add 200 lbs.
of 8-8-8 per acre for the first few years. This should be followed by fifteen
to twenty pounds actual nitrogen per acre about four to six weeks later.

Steves (1li) observed that varying the pH of the soil had a very profound
effect on growth of the blueberry. His experiment was with highbush varieties
which he found to grow best around pH 7.0; however, when nitrogen was omitted
from the solutions he got very poor growth.

Doehlert and Shive (7), using the Rubel variety of the highbush blueberry,

reported that plants had a high requirement for nitrogen and low requirements for



both magnesium and phosphate.

Orr, Furuta, and Bell (12) did some greenhouse nutrition work with Azaleas.
They grew plants in glazed pots filled with quartz sand and applied solutions
to them. They found that the check plants, receiving a full nutrient solution,
had better vigor and better color than most commercial plants. They also found
that deficiency symptoms were rather slow to appear.

Amling (1) ran some greenhouse experiments using sand media, nutrient

solutions, and Vaccinium Corymbosum variety Jersey. Minton et.al. (11) developed

the deficiency symptoms on the Rabbiteye blueberry which they grew in sand
culture, Kramer and Schrader (9) developed the symptoms on Cabot variety of

Vaccinium Corymbosum. They too used sand media and nutrient solutions. Lockhart

(10) developed the nutrient deficiency symptoms in the lowbush blueberry. Other
reports were based either on field observations or field experiments. All of
the deficiency symptoms described hereafter appeared on some type of blueberry
plant, except for the symptoms based on the observation of Orr, Furuta, and
Bell (12). These symptoms are described as they appear on the Azaleas.
Following is a brief summary of the foliage deficiency symptoms caused by lack
of one of the five major elements.

Nitrogen: The amount of time required for nitrogen deficiency to show up
varied with the different solutions used on the minus nitrogen plant. Orr,
Furuta, and Bell (12) found that it took forty days for the nitrogen deficiency
symptoms to appear on azaleas. However, Kramer and Schrader (9) had the
characteristic symptoms only ten days after the buds began to leaf out on rooted
soft wood cuttings of blueberries. All (1, 7, 9, 10, 11, 12) agree that the
first symptom of nitrogen deficiency is the lighter green color of the leaves and
all but Lockhard (10) say this is followed by a yellowing effect. Amling (1)

and Cain (5) state that the leaves turned progressively more yellowish-green
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basipetally. Amling (1) also states that reddish necrotic spots follow the
yellowing of the leaves and soon cover the entire surface of the basal leaves.
Orr, Furuta, and Bell (12) stated that "older leaves turned yellow or red or
developed reddish blotches." They also observed that small necrotic areas some-
times appeared on the leaf before it absiced. Cain (5) reported that the leaves
were often tinged with red while Lockhart (10) makes no mention of reddish color,
but merely reported that the nitrogen deficient plants were a paler green than
normal plants and these pale green leaves showed an interveinal flecking mainly
along the margin of the leaf, Minton et. al. (11) found that the entire leaf
surface turned red and "very small necrotic pinhead spots occurred on the leaves
during the latter part of the treatment." Amling (1) also found that shoots
coming out from the base of nitrogen deficient plants had a distinct pink tint.
This later changed to a pale green as growth was stopped. In all cases lack

of nitrogen greatly reduced growth.

Phosphorus: As a general rule, phosphorus deficiency took longer to show
up than did nitrogen deficiency. Minton et. al. (11) discovered the first
noticeable symptoms ninety days after the treatments were begun. In their
experiment they found phosphorus deficiency to exhibit itself by a darker green
color in the new leaves, Also the leaves were smaller and total growth was
less. Amling (1) reported phosphorus deficiency to manifest itself by the basal
leaves becoming a coarser texture and turning a dark purple. The tip leaves
became a greenish purple. Kramer and Schrader (9) reported a slight purpling
of both stems and leaves with the leaves having a dull color. Lockhart (10)
reported the first phosphorus deficiency symptom as being "a slight interveinal
chlorosis with a dark green background around the veins.,® As the deficiency
became more severe, pink to reddish blotches appeared on the younger leaves.

This was followed by necrotic spots on the older terminal leaves. These spots
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along the margin of the leaf, Minton et. al. (11) found that the entire leaf
surface turned red and "very small necrotic pinhead spots occurred on the leaves
during the latter part of the treatment ,* Amling (1) also found that shoots
coming out from the base of nitrogen deficient plants had a distinct pink tint.
This later changed to a pale green as growth was stopped. In all cases lack

of nitrogen greatly reduced growth.

Phosphorus: As a general rule, phosphorus deficiency took longer to show
uwp than did nitrogen deficiency, Minton et. al. (11) discovered the first
noticeable symptoms ninety days after the treatments were begun. In their
experiment they found phosphorus deficiency to exhibit itself by a darker green
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soon converged and the leaf died. Orr, Furuta, and Bell (12) found that on
phosphorus deficient Azaleas the leaves became a dull dark green with slightly
reddened areas along the midrib of the lower furface of the leaf. As the
deficiency progressed, small reddish-purple blotches appeared on the upper surface
of some of the basal leaves. Much later these leaves turned a dark brown and
abscised. This left a long bare stem with only a few mature reddish-bronze
leaves at the apical end.

Potassium: Kramer and Schrader (9) had trouble getting potassium deficiency
to appear due to the fact that there was continuval periodic abortion of the
terminal growing points on the plants receiving the minus potassium solution.
However, when it did appear it was more severe on the older leaves where it first
appeared as marginal scorching and development of necrotic spots. Interveinal
chlorosis (often attributed to iron deficiency) appeared on the new growth that
arose from the axillary bud. Growth of the axillary bud was caused by the
aborption of the terminal bud. Amling (1) reported potassium deficiency symptoms
as small necrotic spots that first appeared just in from the periphery on the
basal leaves, However, as the deficiency grew more acute, the spots formed a
necrotic area that extended to the leaf margin. Minton et. al. (1l) reported
that potassium deficiency first caused interveinal chlorosis of the young leaves.
The chlorosis, which was of a mottled appearance, was followed by severe necrosis.
The necrosis first started as pinhead spots distributed all over the leaf. The
more advanced stages caused marginal scorching of the leaf, Lockhart (10) also
reports chlorotic blotches, reddish flecking and red veins, According to his
report, the foliage later becomes a bluish green and on the more advanced stage
purplish interveinal blotches form on the basal leaves and, if the deficiency is
bad enough, purple color may effect the whole plant., Orr, Furuta, and Bell (12)

found symptoms of potassium deficiency in the form of interveinal chlorosis near



the apical end and edges of young leaves. They too, report a slight redding

at the apical end of the leaves. As the deficiency progressed, interveinal
chlorosis continued to plague the new leaves. Bronzing, necrotic areas, marginal
scorch, and an upward rolling of the tip all made themselves known on the mature
leaves. As the deficiency grew worse, necrotic lesions became less apparent

and marginal scorching increased.

Magnesium: Magnesium deficiency was first reported by Mikkelson and
Doehlert (15). They described it as marginal interveinal coloration that appeared
first on the basal leaves of the more vigorous shoots. They found that as the
fruit ripened and the nutrient became more limiting the leaves had a regular
progression of color in the chlorotic areas. This started first as a pale green,
then yellowish-olive green, then vivid orange and red colors. Bailey and Drake (3)
also reported magnesium deficiency symptoms as being red and yellow colorations
between these leaf veins. Amling (1) reported that magnesium deficiency symptoms
are different under different light intensities. Under low intensity Amling
reports "an arc of necrotic oval areas close to the midrib on basal leaves."
However, as the light intensity increased these necrotic oval areas began appear-
ing along the leaf margin. Shortly after, these necrotic areas ceased to form
and the symptoms appeared as a mottled yellowish-red submarginal interveinal
chlorosis. As the light intensity went up, the symptoms changed again and
appeared as a bright red submarginal chlorosis. At this stage the leaf margin
tended to curl abaxially. Orr, Furuta and Bell (12) tend to agree with most of
the others on the color progression. They, like Kramer and Schrader (9), reported
interveinal chlorosis on the mature leaves. However, Orr, Furuta, and Bell
stipulate that these mature leaves were located near the terminal portion of the
stem and that the chlorosis appeared at the apex of the leaf., The leaf color
changes they observed were from green to yellow-green, or bleached yellow. This

was accompanied by reddish purple blotches on the plantts upper leaves., Reddened
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veins were observed on the underside of all chlorotic leaves. As the deficiency
grew worse some of the older leaves turned a bronze color and developed necrotic
areas at the tips; these tips curled downward. Kramer and Schrader (9) reported
that magnesium deficiency caused severe dwarfing of the plants. They stated in
their report that the leaf margins became uniformly chlorotic and later became
red and necrotic. Lockhart (10) reported that "magnesium deficiency caused
interveinal red to brown blotches in the central portions of the middle and lower
leaves.! Necrotic spots would sometimes develop in these blotches and, when the
plant reached the stage where it started defoliating, it started with the midshoot
leaves and then the lower leaves.

Calcium: Amling (1) could not produce calcium deficiency symptoms until he
used de-ionized water. Then, slight yellowish-green blotches began to appear on
the terminal leaves. Also the plants developed a marginal chlorosis on the tip
leaves and had 2 tendency to rossette. This was caused in part by the fact that
the basal leaves abscised soon after tip and marginal scorching developed on them.
Kramer and Schrader (9) got results similar to those obtained from potassium
deficiency; that is, interveinal chlorosis on the younger leaves. The chlorosis
developed here, due to calcium deficiency, is very similar to iron deficiency
symptoms except that on caleium deficient plants the areas adjacent to the leaf
that remains green are not as wide as are these same areas on iron deficient plants.
Lockhart (10) reported that growth on calcium deficient plants was very poor. The
foliage was also recrotic with red to dark flecks that soon became dark brown
blotches which coalesced as the leaves curled vp and died. In contrast to Lockhart,
Minton and Hagler (11) reported moderate growth on calcium deficient plants, In
addition to this, they found that calcium deficiency caused the tips of both old
and new leaves to be scorched, Orr, Furuta, and Bell (12) reported interveinal
chlorosis of young leaves followed by tip burning of the expanding leaves were the
first signs of calcium deficiency. All growing points did not exhibit this trait,

but all did have pale yellow leaves that were smaller than the leaves of the



check plant. As the deficiency became more severe, some terminal leaves
became twisted and the terminal bud died.

Minton et. al. (11), on some Rabbiteye blueberries that received only
distilled water, found that nitrogen deficiency was the first to show with only

a little potassium deficiency showing up near the end of the experiment.
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Qutline of Procedure

Rooted cuttings of the Wolcott variety were used. These cuttings were
purchased from a2 commercial grower in the eastern pert of the state. On
October 1, the plants were placed in a refrigeration room held below LO degrees F.
and allowed to remain there until December 11, 1958. At this time they were
planted in plastic pails filled with sand and some peat was placed around the
roots of the cuttings. From fifty to one hundred cuttings were placed in each
pail, Here they were allowed to grow until they had three to six inch shoots
with young leaves and some secondary growth starting., At this time (Januvary 1k,
1959) four sets of eleven plants each were selected for uniformity in size and
vigor (roots and top), roots washed clean of peat, then planted into individual
pails of sand, Two days after these cuttings were placed in pails (January 16),
one half of them (two replications) received 600 ml of nutrient solution
consisting of 300 ml of the standard check (see page 13) and 300 ml of water,
From this time on all plants received only de-ionized water. Since there was
no apparent injury to the plants receiving the half nutrient solutions, on
Januvary 19, all plants received this solution.

The cuttings have received the check solution three times a week, Monday,
Wednesday, and Friday afternoons since the first nutrients were applied. This
schedule will be maintained after the treatments are started. On the days when
no nutrients are applied, the plants receive water twice, morning and afternoon,
with 600 ml being used each time, On the days nutrients are applied the plants
receive water in the morning and 600 ml of the nutrient solution in the afternoon,

On Janvary 22, two replications began receiving the full check solution
(pH of 5.2) while the other two replications remained on the one half strength
check solution. So far no difference has been observed in the growth of the

different plants.



Two greenhouse benches are being used in this experiment. Duve to the
location of the steam pipes, different light intensity and other factors, the
placement of each pail in each replication was determined by the random number
method. Placement of the replications on the benches was determined in the same
way. By using artificial lighting, the plants have been having and will continue
to have fifteen hours of light each day.

The different treatments will be started as soon as the plants have made
enough growth. At this time one plant of each replication will receive one
of the following treatments. Low nitrogen, high nitrogen, minus phosphorus,
high phosphorus, minus potassium, high potassium, minus magnesium, high magnesium,
minus calcium, high calcium and with each replication there will be one plant
receiving the check solution.

As soon as the different treatments are started, observations will be
made on a day to day basis for the appearance of deficiency symptoms.

The reason for randomfying the different replications is the sand of one
replication is different. Three replications have coarse sand in the borrom of
the pail with the top half being filled with fine sand., The sand in these
treatments was first treated with one half normal hydrochloric acid, then the
sand was leached excessively for several days, then allowed to stand twenty-four
hours in one half normal ammonium acetate. After several leachings, the leachate
from this, using tap water, was about pH 5.8. The fourth replication contains
only fine sand. The only treatment this sand received was a thorough washing

with water,
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Deficiency = Blueberries - Greenhouse
# Meq. per Liter Needed

(MH), ) 550, NH), (, PO, ) K(HZPOu) Es_o_l1 MgSOh Caso), H(HZPoh

CK i b 0 1 2 3 0
1/5N 0 1.6 1 0 2 3 L.
-p 8 0 0 i 2 3 0
=K L b 0 0 2 3 0
Mg L L 0 1; 0 3 0
Ca N L o 1 2 o 0
+3N 20 b 0 i 2 3 0
+3P 0 8 o 0 2 3 2
+5K 8 0 i 1 2 3 0
+5Mg 5 3 0 il 10 3 i
+5Ca 7 i 0 1 2 15 3
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Compositions of Nutrient Solutions

Deficiency - Blueberries - Greenhouses

Total Total
f{i Ef.... _K_ i E Cations ._H.Z.P_OJ_". _Sﬂ{ Anions
Check 8 3 L 2 1L I 10 1
1/5N 1.6 <) L Lk 2 10 b 5 10
-P 8 3 1 2 1k 0 i o
-K 8 3 0 2 13 b 9 13
~Mg 8 3 i 0 12 b 8 12
~Ca 8 0 1 2 1 b 7 1
+3N 2l 3 it 2 30 N 26 30
+3P 8 3 1 2 2 16 11 5 16
+5K 8 3 5 2 18 b 1 18
+5Mg 8 3 i 1. 10 23 b 19 23
+5Ca 8 15 - 3 2 29 L 25 29



A Chart for Use in Preparing Trial Solutions

(No. ML of 1 N Stocks to Add to Make Trial 500 ml Solutions)

Soln, (W),),80), M) (HyPO))  K(HpPOy)  KpSO)  MgSOy  CaSO,  H(H,PO),)
Check 2 2 0 0.5 1L 1.5 0
1/58 0 0.8 0.5 0 1 1.5 07
P L 0 0 0.5 1 1.5 0
-X 2 2 0 0 1 1.5 0
Mg 2 2 0 0.5 0 Hob 0
~Ca 2 2 o 0.5 1 0 0
+3N 10 2 0 0.5 1 1.5 0
+3P 0 b 0.5 0 1 1.5 al
+5K I 0 2 0.5 3. L5 0
+5Mg 2.5 1.5 0 0.5 5 15 05
+5Ca 3.5 0.5 0 0.5 1.0 745 15
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Arrangement of Replications and Treatments Within the Replications

Sand
Reps I, II, III were treated

Rep. IV was not

Treatments:

Color
Code

1 G = Low Nitrogen

2 G = High Nitrogen

1 B = Minus Phosphorus
2 B = High Phosphorus
1Y = Minus Calcium

2 Y = High Calcium
1R = Minus Magnesium
2 R = High Magnesium
1 "Q" = Minus Potassium
2 "o = High Potassium

CK = Check

G = Green Stakes
B = Blue Stakes
Y = Red Stakes

0 = Orange Stakes

e

b 2 o 1
2 b 2 r ﬁ 1o
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2 2
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[ 1 ]
CK 20
[ 1
o SO i BT
- "

]:j 2y
lr ly 2 g
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2 b 1lo 1)
- " [ 1
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REP. I

South



“Zaz2:2= /O.  RECORD OF SOIL OR PLANT SAMPLES

Soil ......... Horticulture ' e............Project and Subproject No. HelS2 .............
(Type and Horizon)
Plant .... . . Strawberry ... .................... Project Leader = Wal ¢ Ballinger -
(Specific parts) e B,
Identification: Leaflets, CrowmS, TOOES . . . .. . . .. ...l
Nature of Experiment .. Greenhouse sand culture, Nutritional - SerialNo.. .....................
Vethod (OFf SAMPINET i v v v cobe s n o n 5o BRI - w5 o chdl e s s s e o 8o e g et B S e s

Date Sampled. Hay, 1958 . Taken byH, E, Ballinger - - Analyses Desired NyP,K,Ca and Mg

Samiple Number
Field Lab. g Ca0% | K20%
1 50 2,88 | .98 95 £(0 £5
2 x4 206 91 i LA Jo A3
3 852 2.0 98 S0 s} 53
L g3 X | 98 70 70 Jo
5 gl 1,67 1339 | 50 80 P
6 s lagh | 7 | 45 L Jo 43
1 €6 2,91 1139 J5 130 23
8 57 2,83 98 £5 153 73
9 58 2,83 .98 _60 107 15
10 59 |165 | 98 55 1.72 50
11 60 188 [1.2 S0 1,65 £3
12 61 |1,88 63 255 80 £0
ok Method of e Method of
Determination Determination
NewCaulMg=P Apapl
K 20
Remarks . 1 gmto 300« MOl £o2 P ... ... .. ...

......... 08 DR MDA P G A MG e e




RECORD OF SOIL OR PLANT SAMPLES

S B eeanr e n S e bl P S RO X Project and Subproject No. l!-152 ...............
(Type and Horizon)
Plant .. Strawberry . ... ........... ... .. .. .Project Leader = Walter E, Bollinger ... .. . . ..
(Specific parts)
Identification: .. Roots, Crowns, Petioles, leaflets ... .. ... .. . ... . ... . . .. . ... .. .. .. ... .. ...
Nature of Experiment . Gmwm Sand mwe' u“mm Pose. Serial Now, ...k i, S
IMethod! of /SamipInE A b e T 4o o s s v s vrmisin s e ate o 5 ot m e Bl soaln Bl s aen s o b s msoimsne e o ot VAL ERR 0

Date Sampled... . 1958 ... ..... Taken by. .. W,E, Bollinger. Analyses Desired NpPpKyCa and Mg

RECORD OF ANALYSES

Sample Number
Field Lab. N CaDF | MgO% K20% Pegsi
&} 62 249 | 1.89 | 65 2,77 18
11 63 238 1.68 65 2,77 .80
15 6L 2,48 | 1.75 £5 2,77 .80
16 65 1,26 | 1,54 | .50 L.86 £5
17 66 |1.57 | 1.68 | 55 3.6l .70
18 67 1,99 J7 | 120 306 1.05
19 68 255 | 129 | S5 3.93 83
20 69 238 98 | .50 3.57 83
21 70 26 | 1,05 | A5 3.57 80
22 7 129 | 105 | oMo 613 b5
23 72 151 | 133 A0 3.85 <10
2l 3 196 | 8k 70 14,00 98
Rt Method of Constituent Method of
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil ... Hert Project and Subproject No. .. ... .. 5_15 2 ..........
(Type and Horizon) P
Plant . .. Strawberry .Project Leader Halter E' Bollingu' ,,,,,,,,,,,
(Specific parts)
Identification: . ........ ... ......... ... ..., A Yl oo B« o o v sosios Eae
Nature of Experiment . ... ... ... ... . ... ... ... ... ... ... Serial No.. .....................
Method of Sampling il fo o u Lol e cllin v s 0o v ommi s o 5 B e S 5 5 5 8w b B B G @ ® S F e e e sl 4 R
Date Sampled. 1958 ........ Taken by . ... wEB Analyses Desired N,P,K,Ca, Hg 5y
3 of 4O pages

RECORD OF ANALYSES

Sample Number
Field Lab. Ng Cadf | Me0% K20% P205%

25 7h 188 | 161 | M5 251 25

26 75 1,76 | 1.7 +50 2,85 25

27 76 1,76 | 1.7 .50 2.9 25

28 77 H6 | 147 | 35 4,73 a8

29 8 1.25 1.89 A5 3.00 23

30 79 1.93 S1 | 95 2.70 23

31 80 1.93 1.68 60 2,77 38

32 81 20k | 154 | 55 2,1 li5

33 82 20k | 147 | 50 2,70 35

34 83 101 | 1.0 | .hO L.80 «28

35 8L 138 | 1.5k | MO 3420 35

36 85 2,07 J7 | 1,00 2,91 «25

X L R T R o

Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

il ...l Hort Project and Subproject No. H-ISZ .................
(Type and Horizon) E
Plant . . S ..................................... Project Leader . . . Walter E, Bollinger
(Specific parts)
Hdentifications .. ..-.... o i us g o s e A g S D B LT B e T
Nature of Experiment ....... ... ... .................................SerialNo...........c.....c.....
Method of Sampling ............. ... ............. b ST o Bva B | s i o D
Date Sampled 1958 . Taken by WEB Analyses Desired. . NyPyKyCaplig,
................................... Lof WO pages ... ... . ..
RECORD OF ANALYSES
Sample Number

Field Lab. N Ce0% | Mg0% | K20% P205%

37 87 2.1 1.89 65 2,70 o175

38 88 235 | 1.75 55 2,64 «78

39 89 233 |15 | .60 2,64 .78

) 90 138 | 1.5k | J5 Lo73 63

la 91 |1.57 |19 | .59 343 65

k2 92 |1.88 | a7 1as 2.9 98

I3 93 2,58 161 | .75 2,70 85

bk ok 2.6 | 147 J0 2,6l 85

b5 95 2,52 |1.61 | 65 2.6l .88

L6 96 1.0 |1.33 50 L.73 70

k7 97 1,71 | 147 A5 3.50 a5

L8 98 2,30 53 95 335 1.25

Constituent Mothiad o Constituent Methadiof
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil . .......... H‘”' ......... e ............. Project and Subproject No. ... 3-152 ..............
(Type and Horizon)
Plant ... 8 .................................... Project Leader .. .w'. E’ mm“ ..............
(Specific parts)
TASTTITCHEIONT . . . oo S W o o 0 1) bathers o B a2 ool 5 S ol 55 i 0 0 51 et A S i s R s s s
Nature of Experiment . R o S e R o smti PG 75 o 0 (TS S S
Method of SamDINE . . . . ... e e e e e e e e
Date Sampled. . . .. 1958 Taken by... WEB Analyses Desired NpPyKy HgsCae =
....................................... SOLNODOPEE . e g e
RECORD OF ANALYSES
Sample Number
Field Lab. | B Ca0% | Mgo® K20% P2058

L9 99 1465 1.75 50 3.28 £0

50 100 168 | 1.54 5 3 .06 0

51 101 1.1 | 140 | A5 3.06 £0

52 102 J8 | 147 10 k80 S0

53 103 1,01 2,03 410 335 53

Sk 10k 98 JAT | oI5 2,17 55

55 105 182 | 203 | 50 2,70 J0

56 106|190 | 184 | b0 | 2464 .70

LY 107 190 | 1.6 £0 2.70 .70

58 108 W92 | 140 | Jo b.70 58

59 109 1,18 1.61 S0 3.20 £3

60 110 13k o7 <70 3,02 90

Constituent Metfamicl Constituent Mevhedof
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

ot i o Borbe - Project and Subproject No. . .. H—]SZ ...............
(Type and Horizon)
Plant ....... S ........... Project Leader W, E, Bonimu' .............
(Speclﬁc parts)
Identification: . ... ... . L e B o SO
Nature of Experiment . ... .. ... . ... ... ... .Serial No.. ... .. s e
Method of Sampling .. T B S S R S TR e SIS G g 6 e S0 A oS e 3 st @ % B S s 55 A AR
Date Sampled. . 1958 ........ Taken by. . _WEB . Analyses Desired. NaPpKsCapMg
.................................. GO R PUPE . i e s e e RS

RECORD OF ANALYSES

rom Tt W | cads | Meoh | X208 P05

61 m 2,8 |1.89 | .55 2.55 .78

62 112 2,07 |1.68 55 2450 a3

63 113 2,36 |1.68 55 2,50 45

6l 1 1315 | 147 5 2,70 65

65 115 16 |17 | A5 3.30 15

66 16 2,02 J0 | 95 2,85 25

67 17 |3.79 JO | W5 2,05 .70

68 18 [3.89 63 | W5 235 .80

69 19 3.8 56 | MO 2,50 .18

70 120 2,97 270 | W30 1,70 58

n 121 3405 o7 35 1.0 65

72 122 2,72 Ji9 25 125 «£0

ugogz:::wm . ﬁe#gd o e s Constituent .y Meabig st

Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Nofee o . . M' .......................... Project and Subproject No. . . R.I," ..............
(Type and Horizon)
Plant ......... Strawberry 000000 Project Leader We E.Ballirger .................
(Specific parts)
BaeRitation=l-. Lot e el o s et w o gttt cpn e L BT L Fllemar i

Nature of Experiment ... ... ... ... ... ... ... .. .........................SerialNo.......................

Method of SAmPHNg . ... ... ...
Date Sampled. . 1998 Takenby . WEB Analyses Desired. NaPpXpCaplly
................................ TN NI . . it b i s e oy ST
RECORD OF ANALYSES
FZZW Numbel:zb. Ng Ca0% | Mgo% K20% P205%

73 12 230 21 60 2.0 .70

Th 125 230 «28 60 235 65

75 126 2,60 | 2 55 235 £8

76 127 1.76 <21 40 1.22 25

77 128 [235 | &3 | S0 | 165 .10

78 129 1.9 | 35 L0 &5 55

79 130 2,17 35 .50 2.0 o3

80 31 2,72 28 50 235 18

81 132 3.05 35 M5 235 .00

82 133 1.3 L9 <55 2,00 .50

83 3k 185 | 7 60 1.8 55

8k 135 1.90 k2 30 90 «55

A T Method of Constltani Method of
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil ........ Ert. ............................ Project and Subproject No. 3—152 ................
(Type and Horizon) g
Plant: .. .. .-~ Strm .................... .Project Leader W, E, Bollinger
(Specific parts)
BHETIRCATIONE 1. < o« ool Sibiara s oo st wvinrs el ohn o b e el In & 1 s o B o Sl 75 5 5 e BRI ) 5 o 5 gl A e
Nature of Experiment .. AT D ¢ TS T v o B IR T A AR S Serial No.. . - ..o v v wws iolbatnh
Method of Sampling ............... ... ............ N B L W
Date Sampled 1958 Taken by WEB Analyses DesiredNgPsKyCashig,
...................................... Bof O DAgES . .. ... .. ...
RECORD OF ANALYSES

Sample Number

Field Lab. Ng CaOf | MgO% K20% P205%

85 136 2.1 | 1,89 | .55 235 8

86 137 2,21 1.68 55 235 -8

87 138 232 1.68 50 2,70 .83

88 139 1.09 | 1.7 35 480 63

89 10 154 | 1.54 35 3.70 .70

90 U1 1.96 J7 |1.05 3.05 1,05

93 12 2,07 | 2.2, | 50 3.05 53

92 U3 2.21 2.10 55 3.05 50

93 bk 2,21 | 203 L0 3.05 50

9k s 1,12 X X X X

95 16 13k | 1,75 | M5 3.55 L0

96 7 2.0 1,05 <70 2,90 35

Constituent Lietid o/ Constituent Hethodaf
Determination Determination

Remarks ... ... X = lost




RECORD OF SOIL OR PLANT SAMPLES

Soil: ... . Ml . s _...... Project and Subproject No. . ... .. E-ISZ ...........
' (Type and Horizon) i
Plant ' Strawberrgy: ...................... ... Project Leader ... .. ...... ... W. E.Dll]‘nger =
(Specific parts)
MRERTIBCALIONY .. o o o e e s s b e o ymmin ol o o animsmotin o o b s wimy = 4 208 etmiasns e o soo iale e ol o wlef it & & o sadibin ke & 2 GOy ihs
Watnre of BEDEXIAGHE - ¢ . ., . .ol b sos w65 s & € 5 500 ¢ 6 oas i s ¥ & &8s 5 Serial Noi: . .« - Fnee ting - S0 LRSS
Method! of SEMPHNE o oo h Ciolifls o o il o5 v s o vonc s & mourt o0 B oS B e st seass 6 % 2 4 o susiars 5 5 10 & i UIORUNCU
Date Sampled. . 1958 . Taken by. .. WEB Analyses Desired. NoPaKeC2p¥g
................................ e F P SIS it
RECORD OF ANALYSES
Sample Number
Field Lab. g 6a08 | ¥Mg07 K20% P205%
97 p 266 | 3.57 20 8,18 <3
98 19 2,72 | 1.96 | .05 450 13
99 150 2.58 | 237 £5 LFo o3
100 151 1.22 2.97 £5 7.0 £0
101 152 165 | 3.29 | A5 L 60 £0
102 153 1.62 .98 | 35 365 £3
103 154 2,77 | 18k | 25 365 «£0
0L 155 2,69 | 1.0 20 3.55 «£5
105 156 2,72 | 1k0 | kO 3.50 £5
106 157 143 | 16 | 25 5.80 £0
107 158 1.62 | 1,82 | 30 3.80 «£8
108 159 1.88 JT | kP 3.5 £5
Constituent Methad.of Constituent Methatl ol
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil ... .. 2 Project and Subproject No. . He152
(Type and Horizon) .
TET a0 i v e 4 5 v sy b e e SR B ol S W Project Leader .. We B, Ballimger =
(Specific parts)
BEERGIACALIONS ... B e NNl . WL 0 1% o omsen's 2 2 2 e S foI R SV 2w % ) o K o o % o T TS
Nature-of EXDerIMents o« %o o o g omin 2« 5 s smem s 5 ¢ 5 oo 52t wan i kg ks < DCTIRLINO - 4 - 4 ; & 4 nle St e VAREE
INiethedtof SamplngE e i 2o FAED, TR oo o s s oS v B aiels W e & 5 o s s+ 8 o & el o ol AR
Date Sampled. 1958 Taken by . WEB Analyses Desired NyPpK,Mgfa,
.................................... 10of WO pages ... ... ... .. ... ...
RECORD OF ANALYSES
Sample Number
Field Lab. 073 Ca0% | MgO% | K20% P@_ﬂ'

109 161 238 | 1,89 | 55 2,78 .83

110 162 2,6 | 1,82 | .55 2,70 .85

111 163 2.h6 1.68 H5 300 83

112 B [1.29 | 1,61 | MO £30 £5

113 165 1.5 | 1.68 | A5 3.70 .13

11k 166 1,93 91 95 3.50 1.0

115 167 2,49 | 1.33 |15 2.0 88

116 168 2,35 1,19 (1,00 2.62 .68

117 169 2.52 1,19 | 1,00 2.55 .8

18 170 1,29 JL | B0 5.50 £5

19 1 1.62 | 1.05 75 3.85 .70

120 172 2.04 o7 | 3.30 3,42 1.00

Constituent Methodiof Constituent Mothote]
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soill . . i Hord% .................. . .....Project and Subproject No. . 3-152 ...............
(Type and Horizon) -
Plant ... ..... Strawberry ... ... .. ciev.......Project Leader ... . Wy E,Ballinger ..............
(Specific parts)
Identification: . ........ ... ... . ... . ..... 8 menn 5 L A e e et 5 T 5 e e & ¢ g e R
Nature of Experiment ............... s o g ey At s SEPIAI NOL- « o & wuunedthie T b AU
Method of Sampling . . . . . .
Date Sampled. .. 1958 Taken by WEB Analyses DesiredNyPyK,CagMg ... .. ..
........................................... 11 0f WO DABES .. ...
RECORD OF ANALYSES
Sample Number

Field Lab. Ng 8a0% | MgOf K20% P205%

121 173 2,58 | 1.62 A5 5465 £65

122 17k 209 | 168 | 20 5.25 58

123 175 26 | 161 | JI0 545 60

124 176 137 | 2.2k | 05 7.00 55

125 177 13h | 259 | as 435 £0

126 178 1,51 | .98 35 3.680 £5

127 179 2. | 133 «30 3.2 45

128 180 2Ja | 105 10 3,50 o5

129 181 2,30 1.]2 25 3.2 o3

130 182 13k 1.26 «10 L.92 «60

131 183 168 | 154 | W25 3.50 68

132 184 1.85 63 35 2,70 <10

Constituent diciodol Constituent Methods)
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil .. ... Hort, s A ey Project and Subproject No. ... HalS2. . .............
Plant ... Strawberry Project Leader .. .. We E. Ballinger
(Specific parts)
T i T o
Nature of Experiment .. . . ... ... ... ... . SeralNo... .. .. . .. ..
WIEEhod of. Samplinges et n i S S e e N o e e T e
Date Sampled. ... 1958 Taken by .. WEB Analyses Desired. NgPyKyCagllg . .
.................................. 12 Of LO.DBEES - ..
RECORD OF ANALYSES

Sample Number

Field Lab. Ng Cadf | Mgz0% K20% rzggzj

133 185 2,07 161 55 2,78 o3

3L 186 238 | 133 50 2,78 13

135 167 2,30 | 147 £0 2,18 o3

136 188 10L | 133 oI5 k92 55

137 189 1,26 | 147 | JO L35 .80

138 150 L7k ooBls «10 3420 90

139 191 2,24 | 1,22 | 1,00 2,10 o8

10 192 |26 | 98 | 95 2,55 .18

U1 193 2,21 | 1,05 | .50 2.0 78

U2 19k 98 | 8L | 80 LB5 £0

U3 195 132 98 | 65 3485 o3

1k 196 1.62 &3 | 1Mo 3402 133

Constituent L0 elhor ¢ ’ .mc‘mtimm HMethotel
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil . Horticultwre Project and Subproject No. . B-152
(Type and Horizon) .
PIant . ... oo Project Leader = We E. Ballinger
(Specific parts)
BT ACATION 57 v e e e s e el s R e | PR vt RS
Nature of Experiment . ..... ... ... . ... .............. weevo.......SerialNo........
Method of Sampling ... e O s 3 AL 0 e A e Bl P B s
Date Sampled. . .. “” Taken by WEB Analyses Desired. .;""', c‘ ‘ n oo
..................................... 13 of 40 pages
RECORD OF ANALYSES
Sample Number

Field Lab. N% CaO% | MgOZ K0 % PO %

145 198 1.51 1.61 .45 3.12 .53

146 199 1.51 1.47 45 3.12 +55

147 200 1.54 1.33 40 2.78 «35

148 201 67 1.93 .25 4.85 53

149 202 .98 1.54 | .35 3.12 .53

150 203 92 +70 75 2.55 55

151 204 1.7 1.48 45 2.78 +70

152 205 1.82 1.33 40 2.78 68

153 206 1.79 1.33 4S5 2.90 .70

154 207 .81 1.26 «30 4.92 .53

155 208 1.20 1.33 40 3.8 .65

156 209 1.04 56 J5 3.65 1.05

Constituent Method of Constituent Method o)
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil . Porticwltwre ... .. .. .. .. .. .. .. .. . Project and Subproject No. . . Hel52 .. . ... .. ...
(Type and Horizon)

Plant .. . SQevawberry - - - - - - - ..........Project Leader . W. E. Ballinger - ... .. ...
m-buq (Specific parts) .

Identification: ................. e R SR B L LR L O e T S

Nature of Experiment . ) 2 L PSRRI R . AT .........Serial No.. ..

MBEROd OF SAMPHAE . . . L. oo vsmesm s s oo eifidis s o b b s e s b e ¥ a0 s 5 o mmes e § R RS B e

Date Sampled. 198 Taken by WEB Analyses Desired. N,P,K, Ca, Mg

.................................... léof O pages . . . . . ... ... ...

RECORD OF ANALYSES

Sample Number
Field Lab. N% CaO% | MgO% tio % ’iQSL
157 210 | 2,07 1.68 | .55 | 2.50 73
158 21 2.13 | 1.54 .55 2.33 75
159 212 2.16 | 1.54 35 2.55 13
180 213 | 1.04 | 1.33 . 5.19 .60
| 161 214 1.51 40 |  3.70 73
162 213__1.8& 70 .90 3.12 1.03
163 216 3.84 63 2.20 M
164 217 | 3.8 W56 .40 | 2,28 .23
165 218 | 3.5 36 | 45 | 2.35 .75
166 219 3.33 .63 .25 1.60 .60
167 220 | 2.77 .77 .30 1.48 | .68
168 221 | 2.41 a 1.15 A
Constituent pesac Constituent Sl
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil ..... Horticulture . ... . . . . .. ..........Project and Subproject No. ... . H-182.. ...........
(Type and Horizon)
Plant ... Strawbexzry . ... ... .. ... .. . .. Project Leader . W. E. Ballinger . ..
(Specific parts)

Identification: e R BN ISR I i Bt e b ans sttt e s R o % il T R
Natire of 'EXPeriment " [ .« « . . s ohide i o &5 omamon o ue . oS al NoO: el 3 B A S S U
Method of Sampling ..... ........ . TS oL YO e s e N SO e, o
Date Sampled. .. . 1958 .. Taken by WEB . Analyses Desired. N,P,K, Ca, Mg
....................................... 15040 pge. . . ...

Sample Number
Fiold Lab. | MR  mgom | mox  pog
169 222 1.85 | 1.40 | .45 | 2.8% 25
| 170 | 223 | 1.68  1.26 A4S | 2.8
in 224 1.65 1.26 .45 2.8 -
172 225 1.46 1.26 25 _5.40 |
173 226 1.06 1.47 .40 3.05 .25
174 227 1.99 .77 .90 2.90 .23
175 228 1.85 1.47 .50 2.40 «35
176 229 1.82 1.33 45 2.62 .33
177 230 1.96 1.26 A4S 2.40 «33
178 231 .90 1.19 .35 4.38 -
179 232 1.24 1.33 40 2.78 .35
180 233 2.10 07 .80 3.20 30
2.3h 7
Constituent i Constituent i
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil . Horticwltwge Project and Subproject No. B-152
(Type and Horizon) 5
Plant . Strawbexrry Project Leader . W. B. Ballinger
(Specific parts)

Identification: . b & % 3 TR N § SR b o sl o s s x el e 5 RO s el B w0 b ey MO
Nature of Experiment ............................. . - - SerialNo.. .. ...................
Method Of SAMIDIE .0 o o oo o st o o ol s/ 4 & o Ay b o it 5 0 5 55 5 5 R 5§ E5E B B0 o o dadiese w0 S sl
Date Sampled. . . 1958 Taken by WEB . Analyses Desired N,P,K, Ca, Mg
....................................... RO OE MU PRIRE . . . e s eEea s f e

RECORD OF ANALYSES

Sample Number

Field Lab. NZ CalOZ | MgOZ 5“ 2,0, %

181 235 2.16 1.68 <50 2.3 .68

182 236 2.04 1.54 45 2.40 68

183 237 1.96 1.54 40 2.40 68

184 238 1.15 1.40 <35 4.85 38

185 239 1.34 1.40 45 3.05 .73

186 240 1.74 70 90 3.12 1.00

187 261 2.32 1.54 .60 2.40 .80

188 242 2.04 1.33 30 2.35 .78

189 243 2.2 1.33 «35 2.35 .80

190 244 1.15 1.1% 40 4.7 .68

191 245 1.1 1.26 +350 3.3 .80

192 246 2.10 .63 +65 3.3 1.18

Constituent e Constituent Method of

Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil .. Horticulture .. ... .. ... ........
(Type and Horizon)

Plant . .. Strawberry

Nature of Experiment

Method of Sampling . ..

(Specific parts)
Identification: ....... ... ... ......... .. ......

Project and Subproject No. .
W. B, Ballinger .. . . ..

Project Leader

RECORD OF ANALYSES

Sample Number
Field Lab NZ Ca0 % |Mg0 %2 530 % r=o= %
193 247 3.14 91 .85 .70 75
194 248 3.02 <91 .80 .70 J3
195 249 2.91 <91 <95 «62 J0
196 250 1.46 91 75 - 70 48
197 251 1.85 | 1.26 45 .80 60
198 252 1.37 +70 40 .45 48
199 253 266 105 | .9 | 1.22 _ .70
200 254 2.52 B84 .50 1.40 +70
201 255 2.69 91 «35 1.40 75
202 256 1.62 | .34 <45 1,52 «38
203 257 1.82 | 1.12 .45 1.60 55
204 258 1.65 .56 50 .80 <60
Constituent Misthod'of Constituent Mo
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil . Hoxticwltwre .. .. . .. .. . ... Project and Subproject No. . . Hel32 . .. ...........
(Type and Horizon)
Plant .. SkeanberRy - . - - - oo .Project Lead AR Bl R - -
e - (Specific parts) . T sl mlw
Identification: . ....... ... . . .. ... ...l e e A b o 7 o R R Lo 5 o & B+ o 5 1
Nature of EXPEriment: . .. . . oo hs iumaau e d s g iimn s : s v s e e ISREIARINOL Y o e
Method of Sampling . .. . . ... e
Date Sampled. . . .. 1958 . Taken by WEB .. Analyses Desired. . N,P,K,Ga, Mg
......................................... 18 oL 40 pagee - -
RECORD OF ANALYSES
Sample Number
Field Lab. Ca0 % |MgO % K0 % -
205 2.21 1.82 | .65 | 2.90 ~F5-

206 260 1.90 1.61 .70 2.35 .I5

207 261 2.26 | 1.68 | .70 | 2.50 3

208 262 1.12 1.47 A0 4,92 __.60

209 263 1.46 1.6% 40 3.35 Py

210 264 i.71 .77 3.12 .98

211 265 2.2 .98 45 3.50 73

212 266 2.02 -84 40 3.50 I3

213 267 2.13 .84 35 3.50 15

214 268 «98 <91 35 5.70 o

215 269 1.46 1.12 45 4.30 .68

216 270 1.71 .63 55 4.20 .98
[sbcheck 271 2.16 42 35 2,08

E Method of " Method of
Constituent Constituent
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil .. Horticulture ... ... .. ... .. . .. . ......Project and Subproject No. . . H«1%2 . .............
(Type and Horizon) .
Plant . Strawberry .. ... ... .. . . .. . . Project Leader .. W. E, Ballinger . .
(Specific parts)
Identification: Lt e ST o o8 o2uoz g8 s S+ v Bro et PR, FFY v v aomn, Do iepere
Nature of Experiment ...................... W B v ntomirne 2o erIBl NG o e SR ¢
Method of Sampling .. .. .. .. ... . ... ... u Mot Vgeidy. 3 el W e s R,
Date Sampled. . . . 1958 . Taken by WEB Analyses Desired. N,P,K,Ca, Mg
....................................... 19 OF 40 PAGEB - e

RECORD OF ANALYSES

Sample Number
Field Lab. cs0z mgoz |x0 % 2 "
a3 272 | 2.69 | .14 | .50 | 2,40 20
218 223 i. 21 . 65 | 2.50 &1
| 219 | 2% |1.32 | .21 | .S0 | 2.55 72
| 220 275 | 1.8 | X X x -
| 221 | 2796 | 2.18 | .70 40 1.52
222 271 1.62 | .35 | .35 | 1.00 53
223 278 | 2.86 | .35 .55 2.50 -
22 | 279 | 2.9 | .28 | .50 2.55 .80
225 280 | 2,96 | .28 | .50 | 2,55 75
226 281 | 1.46 | .49 .50 2.40 .53
227 _ 282 | .9 | .77 .80 | 1.43
228 283 | 1.65 | .42 .80 .80 .55
Constituent Method of N — Method of
Determination Determination




Soil .. Herticultur
Plant . . Stmawberry. .

Identification: ....... .

Nature of Experiment .

Method of Sampling

RECORD OF

) (Séécific ﬁérté)I

SOIL OR PLANT SAMPLES

.Project and Subproject No. ... H=-1852 .. ...........
... .Project Leader .. W, E. Ballinger . .. ..... ... ..
Serial NO., : ol = = & b o eis = -

RECORD OF ANALYSES

Sample Number
Ficld Lab. NZ |Ca0% |MgO% | k0% \1 0, %
229 284 2.21 1.82 .35 2.0 |
230 285 2.18 1.61 <33 2.35 .75
231 286 1.99 1.61 .60 2.78 70
232 287 1.06 1.47 .40 4.60 .63
233 288 1.40 1.68 «30 3.1 =70
234 289 1.79 .70 .95 2.27
235 290 1.99 2.38 +30 2.27 -
236 291 1.96 2.10 +60 2.3 35
237 292 2.10 2.10 «30 2.42 .
238 293 1.04 1.96 45 4.36 .43
239 294 1.29 1.75 . 3’ 3.42 +58
240 25 |1es| ol 0| 2
Constituent Meghoef Constituent ey
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil Horticulture - .. - ... ... A .+.......Project and Subproject No. .. QBaRB® - .- - orons
(Type and Horizon)

Plant . . S¢rawberry - - - 1% s s el e Y S ..Project Leader ... .gg. L T R
Strawberry (Specific parts) W. E. Ballinger

Identification: ... .. Sl g W tle o vc T TN e e B B ot N My Kn AR

Nature of Experiment LIRS o Wy " P T . .....SerialNo.........

Method of Sampling .. G AR R T IO i s s s wR e 5 o Sravake © T g ey U

Date Sampled. . 1958 . ... Taken by ... . WEB.. . Analyses Desired. . N,P,K,Ca, Mg - -

............................... BESEAD PRI - e e et e e e R

RECORD OF ANALYSES

Sample Number
Field Lab N% (Ca0% | —m——":.—‘——ifr"
241 296 | 1.76 | 1.40 . 2.63 .23
242 207 | 1,76 | 1,26 .4&S 2.63 25
243 298 | 1.76 1.33| .25 | 2:63 | .28
244 299 84 1,26 «£30 | 4,20 20
245 300 | .95 1, «25 2.17 25
246 301 | 1.85| .63 .85 2.56 20
247 302 1.88 | 1.40| .45 | 2,56 33
248 303 1.90 1.33 S50 2.56 .33
249 304 1.76 1.40 45 2.49 <33
250 305 | .95 | 1.40| .25 | 4.36 23
251 206 | 1.15 | 1.54| .30 | 2.92 | .33
e v — — p—
Constituent MethaRiof Constituent Mothod of
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil . Hortiecwltwre . . Project and Subproject No. . HelS52 = ... . . . ...
(Type and Horizon)
Plant Strawbezrzry - - - Project Leader . .y, - BN s . . . s s
Strawberry (Specific parta) W. E. Ballinger

TABREIRCATIONS - . o v s oo o b viivnes = 5 o moaimie e s smime oo o simis s o o s shanmie iy § oo oL sie,oi®

Nature of Experiment ASEPIATINOL - « w vl o « b ST TR
A T R N e e g SR ooy " W RO ", LK Jop——
Date Sampled. . . . 1958 Taken by WEB Analyses Desired. . N,P,K, Ca, Mg
.................................... 22o0f 40 pages . ...

Sample Number
Field Lab. |Cad % | —M—‘-—I,G—L——L’n, X
| 253 | 300 | 238 1.75| .55 | 2.3 73
__254 310 | 1,96 | 1,54 .50 | 2.27 5
255 | 311 | 233 1.47| .50 | 2.3 25
256 312 | 112 1. .35 4,50 60
| 257 | 313 | 1.40 | 1.40! .50 3.14 .68
| 258 | mas | 1.8 72| .88 | 308 |
259 31S | 2.24| 1.5| .60 2.27 .83
260 | 36 | 2.21| 1.40| .60 | 2.20 _.80
261 317 | 2.13| 1.40| .60 2.20 | .83
262 38 | 1.23| 119 . 4.36 .68
263 319 | 1.48 1.19 .50 3.27 ¥,
264 320 | 1.82| .63 .88 3.06 1.23
Constituent Method of Eer s Method of
Determination Determination




Soil

.. Horticulture

Identification: .

Nature of Experiment ..

Method of Sampling

RECORD OF SOIL OR PLANT SAMPLES

(Type and Horizon)

.Project Leader

....... Project and Subproject No.

Date Sampled. . .. 1958 Taken by WEB - Analyses Desired. . N,P,K,Ca,Mg
....................................... 23 0of 40 pages. - -
RECORD OF ANALYSES

Sample Number

Field Lab. NZ | can% L 4 _-1 f‘ 1 ’i‘i %
| 265 | an | 260 .21 | | 2.3 98—
| 266 | 322 264 14 ~60——2:34 — 78

267 323 | 2.68 21 2.2 73

268 324 X X X X X

269 325 2.60 36 .60 | 1.85 78

270 326 1.1 .33 S50 | .86 .58

n 327 | 2.91 .28 2.13 5

272 328 | 2.66 «28 50 2.13 75

213 329 2.97 .21 .55 2.13

274 330 1.46 42 60 2.13 60

275 331 | 1.93 77 .50 1.32 65

276 332 i.n .35 . 1.22 63

Constituent b Constituent g,
Determination Determination

Remarks . X . O o r v e s et a3 o e s o o e § ST



RECORD OF SOIL OR PLANT SAMPLES

Soil . ... Hortiewltwre ... ... . . ......Project and Subproject No. . H=132 .
(Type and Horizon)
Plant . . Strawberry = . . . . Project Leader .... W..E. Ballinger ... ......
(Specific parts)
Identification: . SRR & oo i Wins o st & N i 9 o e RS S o o wsols & i e o R
Nature of Experiment . ) o e e 1 ol ol 2, S e ; ........SerialNo........
Method of Sampling .. TR Wt ] AT . o = 1 oot "B o pu WO N 0 -5
Date Sampled. . . 1958 .. Taken by WEB. Analyses Desired = NsPsK,Ca, Mg
................................... 2 of 0 pages ... ... ..
RECORD OF ANALYSES
Sample Number
Field Lab NZ |[Caok | MgOR Ko R0, %

277 333 2.07 1.75 30 | 205 @ | .70

278 334 2.10 1.47 35 2.13 75

279 335 1.99 1.47 35 2.13 23

280 336 1.06 1.33 40 4.16 .63

281 337 1.51 1.33 .40 3.26 .78

282 338 1.82 63 80 2.56 1.03

283 339 2.10 2.17 «30 2.49 <50

284 3450 2.07 1.89 43 2.42 53

285 341 2.07 1.96 45 2.42 50

286 342 1.01 1.75 45 4.29 40

287 343 1.46 1.89 S5 3.27 50

288 344 1.93 .98 35 2.85 43
Lab check — 345 — - 161 =70 2. 20

Constituent Btethorel Constituent Method of
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil ... Horticulture . . . ol s ......Project and Subproject No. H=1%2 .. . .............
(Type and Horizon)

Plant . Strawberry ... .. ........... ... ... ... .. Project Leader . W. E. Ballinger = = .

(Specific parts)

Identification: . .......... ... ... ... . ... ... S G Y E A S s e B & B § S e 4,8 5 et ey

Nature of Experiment ..... ... ... .. s v 7 -~ .....Serial No........

Method of Sampling .. coeionss & ¢ o Moot BTN, . S B oo IR e s e s g s ) S TTICH

Date Sampled. . .. . 1988 Taken by WEB- Analyses Desired. N,P,K,Ca, Mg

........................................ a"“m

RECORD OF ANALYSES

Sample Number |

Field Lab. h b4 Ca0 % | Mg KO0%

__!tﬂs z
289 346 | 2.41 | 2,03 .25 4,07 2| .60
290 347 2.44 1.89 A5 | 4,164 @ | .68
291 | 348 2.461 1.80 .35 | 4.00
292 349 1.29 2.45 . 6,54 | .58
293 350 1.46 2.45 40 4,14 | .70
294 351 | 1.68| 84! .50 3.27 ' 68
295 352 2.32 1.05 «25 2.92 73
296 353 2.32 .98 45 2.92 .73
297 354 2.% 1.12 +25 2.92 68
298 355 1.15 1.19 25 4.22 55
299 356 1.62 1.33 30 3.14 «65
300 357 1.82 .56 50 2,49 | .63
Constituent Rushesaf Constituent Hesmaiat
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil Hozticultwre Project and Subproject No. H=1352 . . .. . . . ..
(Type and Horizon)
Plant SExesieeE®y .. . . ... .................c.io... Project Leader W. E. Ballinger .. ... ... .. ... ..
(Specific parts)
Identification: .. .. ... Woccec B s ¢ s s s prmeas s Maent B3 st 5 A} msmon ot 5 5 Weastnn @ % 2 % por i 1 sk B el (G AR A AN
Nature of Experiment B e S B r >+ 1 [
iMethod of Sampling |« .. & o o imven s o s s i wbm o aas N PRP N LA .5, TN ... .. .
Date Sampled. . 1958 Taken by . .. WEB. Analyses Desired. N,P,K,Cs, Mg - -
..................................... DR AR o b TR i e e 5 sa i R

Sample Number
Field Lab. N%Z [(Ca0% % 5’0 % _2’9#
301 358 | 2,30 1.7 2.27 75
302 359 | 2.21| 1.54| .60 | 2.34 .78
303 360 1.93 1.47 .50 | 2.42 T8
304 361 1.06 1.40| 1.00 4.36 .60
305 362 1.57 1.4 .55 3.64 1.03
306 363 | 1.96| .63 1.05 3.27 1.13
307 364 | 2,18 | 1.19| 1.30 | 2.00 1.05
308 365 | 2.18| 1.12| 1.10 2.00 .83
309 36 | 28| 1.2| 1.0 2.00 .83
| 310 | 367 | 1.09 .90 b.bb .68
| 311 | 368 | 1.51 | .84 .80 3.27 73
312 1.76 56| 1.30 | 2.92 @ /1.18
Constituent Hetha af Constituent e
Determination Determination.




RECORD OF SOIL OR PLANT SAMPLES

Soil .. Horticulture ... .. ............. .. .Project and Subproject No. .. . H«1%2..............
(Type and Horizon)
Plant . Strawberry = ........... .Project Leader . We B. Ballingex =
(Specific parts)

Identification: S . T Lt e P e ST e s W R e it ol i s AR
Nature of Experiment ............ocewniesascoinsine / vovvoo......SerialNo.........

Method of Sampling .......... szt s m Pkeoc ORI o gty - 5 . B NNl e ny . . N " L
Date Sampled. .. . 1958 oo Token by ... SR - . Analyses Desired. . N,P,K,Ca, Mg .
..................................... 270f &0 pages . ...

RECORD OF ANALYSES

Sample Number
Field Lab. N%Z |Ca0O% |MgO% KO0% PO %
2 29

313 37 2.72| .84 . .63 .65

314 37 2. .77 .75 _.63 63

315 372 | 2.63 -70 . .63 .60

316 373 X 8% .65 .56 38
| Ay | 1.79 | .98 50 69

318 375 1.23 70 40 | 00 .39 40

319 376 2.66 21 70 1.22 Py

320 377 2.63 84 80 1.1 70

321 378 | 2.60| .84 | (70 | 1:10 23

322 37 1.43 77 58 1.28 .

323 380 | 1.85 X .55 1.28 60

324 381 1.60 56 80 56
mm,__ﬁ

Cinatititant Method of Conusitiont Method of
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil .. Horticulture . ... ... .. .. . . . .. .. .Project and Subproject No. .
(Type and Horizon)
Plant Strewbexrry . . Project Leader .. W. E. Ballinger ... ... ......
(Specific parts)
Identification: .. ...... ... . ... ... ol & 9 3 % ¥ 5 e T racah e 8 gl yen GRS o U
Natiive of EXperiment’ : : . .aw e o oh « covniilbin’s s & s = T Serial No.. . ...... .. Y
Method of Sampling .. e v o sl opl M B e o x s smelrncese e o SO st BN o ont 2 x Shemsd ey AN
Date Sampled. .. 1958 .. . Taken by ... . WEB.. .. ... Analyses Desired. N,P,K,C8, Mg . ..
.......................................... 28-of 40 pages ... . ... ...

RECORD OF ANALYSES

Sample Number
Fiold Lo | wy lce0n |Mgon | xo0z  pocz
325 383 2.10 1.7 .65 | 2.00 05
326 384 | 2.07 1.56 .68 | 2.00 75
| 327 | 38 | 204! 1.8i .65 | 205 . LS
328 386 1.09 1.40| .55 4,29 .63
| 320 | 387 | 1.40 @ 1.47 35 3.50 .70
| 3 | 3es | 193] esl 1. 2.92 95—
331 389 | 2,02| 1.05! .50 3.35 .80
332 390 4.23 .91 35 3.2 .75
333 391 2.07 .84 40 3.35 .70
334 392 . 98 .98 40 5.24 .63
335 393 1.18 1.05 .65 3.6 | .65
) 336 3% 1.54 .56 .70 3.64 .78
Constituent T Constituent Mishat ol
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil . Herticulture ... .. .. .. .. . . Project and Subproject No. ... He1%2. .. .. .. ...
(Type and Horizon) 5
Plant . Stygwberzy . . ... ... ... ... ... ... .Project Leader .. W. B. Ballinger .. .
(Specific parts) :
Identification: .. ..... ... . ... ... ol n .’ DN WO W .
Nature of Experiment ......................... 5 B 5 ¥ R 5 L S .Serial No.. L s ool
Method of Sampling ... ... .... T A A 58 e B @ % wt sagees o e S e s & % 5 sg e e o
Date Sampled. .. 1958 Taken by  WEB. Analyses Desired N,P,K,Ca, Mg
....................................... 2 or b0 pages ...
RECORD OF ANALYSES
Sample Number
Field Lab. N%Z | Ca0% MgO% E 0% PO, %

337 395 1.51 1.33 7S 30— |55

338 396 1.51 1.19 +60 3.27 .58

339 397 1.43 1.19 .60 _3.00 .60

340 398 67 1.40 40 5.64 50

341 399 84 1.56 35 3.57 .30

342 400 .90 .70 73 2,63 33

343 401 1.82 1.40 .70 2.63 .73

344 402 1.76 1.56 .50 2.77 73

345 493 1.79 1.40 +35 2.63 73

346 404 .26 1.33 »30 4,65 258

347 405 1.18 .98 «60 3.50 .68

348 406 1.18 49 +90 3.20 1.03

Constituent Mehod,o) Constituent AL
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil .... Horticulture - . .. .. .. ... ......... Project and Subproject No. . B=182
(Type and Horizon) .
Plant .. Strawbexxy .. .. . . .. .Project Leader W. E, Ballinger .. ... . ... ..
(Specific parts)
Identification: e, B0, 5. B ST o AL ool £ O R %
Nature of Experiment R e A g - SSeTIalINB.Y - ol ool s N
Wethod! of  SamPINE. v 8w 50 5 8 B SRSl ANt sz aps sur 5 ssumsca s ol e B ol 1 vosomesslilalins. Hb 47w ols S
Date Sampled. .. 1958 Taken by WEB Analyses Desired. N, K, Ca, Mg - - - - -
..................................... of 0 pages . . ..

RECORD OF ANALYSES

Sample Number

Field Lab. N % Ca0 % | Mg0 % | 5101 _1395!.

| 349 | 407 | 2,13 1,68 .65 |  2.49 78—
| 350 | 408 | 207! 156! .65 | 249 | .78
-75
.65

| .70

351 1.93 1.56 60 2.42
352 - 410 | 1.0 1.33 .55 4.21
| 353 | 411 | 1.36 | 1.33 ss | 3.3 |
354 412 1.76 .63 | .95 2.63 93
358 413 | 3.84 .63 | .65 2.13 75
356 414 3.75 .56 | .45 2.27 _.78
357 415 | 3.72 .56 | .60 | 2,20 | .78
358 416 | 2.91 .63 40 1.47 .58
359 417 | 2.9 77 .55 1.22 .65
Constituent Memigief Constituent ekl
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil ... Horticultwre . - . .. .. .. .............. Project and Subproject No. B8y e
(Type and Horizon) i
Plant .. Strawbexry .. - ... ... .- e Project Leader . .. R A@maaes. . ... . ......
(Specific parts) % Es mlm
Identification’s -ocicsi o omms s i = o saiem v - Bo sty O W e Py ey B e A AAD 1 o
Nature of Experiment . B, Wi aie i Do oA g o........SerialNo.. .....................
Method of Sampling ......... e e Sl e B T 0 b BTl e & i
Date Sampled. . . . 1958 Taken by WEB . Analyses Desired. N,P,K,Ca, Mg
........................................ T S SRR DY PSR

Sample Number
Field Lab. N%Z |Cso% | —U—l——l’n-t—-_;!o’ "

362 421 | 2,32 | .84 80 45 P

363 422 | 2.46 | .84 | .85 51 “

v 423 | X [ 1.05 | .65 45 -

365 426 | 1.40 | 139 | .35 .69 43

366 425 | 1.26 | .77 | .50 | .28 40

L 426 | 2,66 @ .84 | .60 1.16 73

368 427 | 2.63 | .8 | .7 1.22 5

369 428 | 2.58 | .84 70 1.28

370 429 | 1.29 | .91 50 | 1.40 55

n 430 | 1.66 | .98 | .60 1.60 65

n 431 | 148 | .56 | .65 g5

Constituent Method of Constituent Method of
Determination Determination



RECORD OF SOIL OR PLANT SAMPLES

Soil .. Hortiewltwre . Project and Subproject No. . H=2$2 ... .. .. . . .. ...
(Type and Horizon) ;
Plant . Strawberry .. .. ... .. ... .. ......Project Leader .. W. E. Ballinger ... ... .. .. . . . .
(Specific parts)
Identifcation RO R e . e 0 . NN ANN iy o S L S NP ) r. oo - o g
Nature of Experiment .. ............. ... .. PPl ., co.......8erialNo.. .. ...................
Method of Sampling . ..............c.vnvnn.n. e S e e e s e o K s e T Al
Date Sampled. . 1958 .. Taken by. . ... WEB . Analyses Desired. N,P,K,Ca, Mg =
........................ cee....... 320f 40 pages ... .. ... ... ...............................
RECORD OF ANALYSES
Sample Number
Field Lab. N%Z |[Cso%Z | MgO % I’D % 2295 %

a73 432 | 193! 196 .70 2.63 =80 ‘

374 433 1,99 1.61 .80 2.20 .73

375 43 | 1.82 | 1.61| .60 | 2.34 .73 ‘

376 435 | .87 1.26| .50 4,58 .60

377 4636 1.15 1.26 .65 3.35 «65

378 437 1.62 +50 2.42 .98

37 438 2.10 1.05 .50 3.42 .78

330 439 1.96 .91 60 3.35 .78

331 440 2.07 91 .60 3.35 73

382 441 1.04 +98 40 5.48 .65

383 42 | 1.32 98| .45 3.70 .70

384 443 i.n .63 .50 3.86 1.05

Constituent Methau o, Constituent PRI
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil . Hortdculture . . ... . ... ... .Project and Subproject No. . H«1%2 .. ..... .........
(Type and Horizon) .
Plant Strawberzy. ... ........................... Project Leader .. We Eo Ballingexr ... ... ... . ..
(Specific parts)

HAEREIHOREIDNS 1 v o 5 s i e s s sl 54 bt a8 50t Ao T s T e o il s 6 5 il e Gomin Spoersfhidl s v 2 3 = pestodaichels
Nature of Experiment .......................... .. vveviiiwiooo.....Serial No.. .

Method of Sampling .. S S g 5 8 G e e i A e S e 1 LS S S 2 e STt st et 4 e e Al
Date Sampled. 1958 Taken by W.. E. Ballinger Analyses Desired. N,P,K,Ca, Mg.
................................... PR BRI S oo e o s a5 e 5

RECORD OF ANALYSES

Sample Number
Field Lab. RZ |Cs0 % | MgO % xig ) 4 ‘-pzo: 4

| 383 | 444 | 2,64 | .21 .60 2.13 70

386 445 2.58 21 N ] 2.27 +73

387 446 1.23 .21 <70 2.27 .70
| 388 447 X 28 55 | 1.90 45

389 2.27| .56 | .30 | 1.65 | .70

3%0 449 i.60 .35 .45 .93 <58

391 450 2.88 «35 <65 2.27 .83

392 451 2.60 28 <65 2.27 80

393 452 2.7 «35 30 2.27 I8

3%4 453 1.57 49 «35 2.27 .63

395 454 1.87 56 45 1.77 «63

396 455 1.88 42 435 1.94 .66

2,07 91 2.71 63
C Method of . Method of
Constituent Constituent
: Determination Determination
X =~ Lost



RECORD OF SOIL OR PLANT SAMPLES

Soil . Horticulture ... .. .. . ... . .. .........Project and Subproject No. H«18S2 .. ...............
(Type and Horizon) .
Plant Strawberzy ... Project Leader W, E. Ballinger =
(Specific parts)
Tdentification: . ... . e
Nature of Experiment .............................. v oo SerialNo.. .
Method of Sampling .. T ) e T o e S s 1 50 i AN A A e g S A e s TR
Date Sampled. . .. 1958 Taken by ... WEB .. Analyses Desired. N,P,K,Ca, Mg
.................................... b of 40pages .
RECORD OF ANALYSES
Sample Number
Field Lab. NZ Ca0 7 |MgOZ :zo % _r,ps b A
397 457 1.96 2.38 «30 2.63 .50
398 458 1.99 2.17 48 2.56 «33
399 459 1.93 2.10 35 2.56
400 460 .92 1.75 .20 4.65 .38
401 461 | 1.18 1.33 .35 3.50 60
402 462 1.60 <7C .80 2.79 .
403 463 2.04 1.82 +60 2.63 .80
464 1.85 1.66 .50 2.62 .78
405 465 2.02 1.61 35 2,63 .78
9% 1.47 .35 | 4,65 .63
407 467 1.3 1.82 «30 3.35 +30
408 468 2.07 .98 .70 2.3 | .40
Constituent Mothed of Constituent e
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil ..... Horticultwre . Project and Subproject No. . He182. ... ... .. ... .. ..
(Type and Horizon) .
Plant .. Stoawdexxy . .. . . .. . . . Project Leader .. W, B. Ballimger .. .. .. .. . ..
(Specific parts)
TACHEIACRBIONE) . . srconic 208 < 4 v ooy vt 28 o 5 esonienn s o 5 1o ottt i 51 me S 55 50ty s ineve oy =g s oy 1 o i o 9 o 58
Nature of Experiment ... ....................... ...... . ETREEE . - 1) ), S
IMethod ‘of' SamDIEE: - om0 b o 5 A el 5o o o St o o s s 3t 2 3s o 2 5B ) e e 51 )3 e 138 4 0 e iR
Date Sampled. . . . 1958 . Taken by WEB Analyses Desired. . §,9,K,Ca, Mg
................................... DR AL PP s R e ke b e e
RECORD OF ANALYSES
Sample Number
Field Lab. N%Z Cal % Mg0Z 5,0! :.Qs %
409 469 2.63 2.12 05 5.15 78
470 2.52 1.96 +19 5.0¢ .73
411 4n 2.49 2.80 +50 5.07 73
472 2.68 2.59 «20 6.86 o
413 473 2.58 2.9 «15 4£.58 73
414 474 1.60 51 45 3.20
415 475 | 2.32 1.40 <15 3.5 78
416 476 2.3 1.36 .10 3.00 78
417 477 2.3 1.26 10 3.66 .78
418 478 1.0 i.40 «15 4.65 _ .60
419 479 1.48 126 «25 3.5¢ 70
420 580 1.57 .70 35 2.49 _«65
Constituent Bethiod of Constituent Lethodiar
. Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil ... Horticultwre = ............ .Project and Subproject No. H-152
(Type and Horizon)
Plant .. Strawberry .. ........................... Project Leader . W. E. Ballinger. ... ... ... ..
(Specific parts)
Identification: ....... 3 e S A G B el e B Sn ol i SOSIATS 16 S 1 S ol SR e e s e e s & 8 seveds WA
Nature of Experiment ..... y ol o WD e e Mo st e HSTRRL INIOE . s i o s e st S
Method of Sampling ... ... P il o o e Men & 2 8 1 2 s o) Mo o Moo Mo I s obin o o G
Date Sampled. . . 1958 = . . Taken by. ... .. . WEB . Analyses Desired. N,2,K,Ca, Mg .. .
..................................... 360f 4O pages. .. ... ... .. ... ... ...

RECORD OF ANALYSES

Sample Number
Field Lab. N% |CaO% MgOZ l,_ﬂ % l&".

421 481 2.06| 1.8 65 2.49 .75

422 482 | 2.10| 1.61 .50 2.42 .73

423 483 | 2.04| 1.68 .50 2.42 .75

424 484 98 | 1.40 .35 4.50 .60

425 485 | 1.20| 1.40 .30 3.52 .65

426 1.76 .70 .85 2.85 1.05

427 487 | 2.16 | 1.19| 1.15 2.00 .78

428 488 | 1.99| 1.12| 1.10 2.05 .78

429 489 2.13| 1.12| 1.05 1.90 .78

430 490 | 1.04 .84 .90 4.47 __ .63

431 491 1.37 .98 JT5 3.50 .63

432 492 | 1.65 56| 1.55 z.ﬁ 1,

Constituent e Constituent Methosd of
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil . Horticultwre ... . . . . . .. .......Project and Subproject No. H-152. .. ... .. .. ...
(Type and Horizon) :
Plant . Strawberzy = R A Project Leader . W. E. Ballinger ... .. ... .....
(Specific parts)
il TR v o ® e oo il 0 0 0 areomm 516 5 o el o0 5 e o 5 co et s o B ek e 0 6 B 1 on ke g o g ot osor I ¢ oM
Nature of Experiment .. ... ... .. ... ... . ... ... SerialNo.......................
etliodh ol SamPINE . o o s 0 oe ks 5 e e o e = sl S B B SR A s e A e S
Date Sampled. . .m .. 1958 .. .. Taken by WEB. Analyses Desired. N,P,K,Ca, Mg =
..................................... 37 of 40 pages ...
RECORD OF ANALYSES
Sample Number
Field Lab. CaD % | Mg0 % %
433 494 1.68 1.40 45 2.92 <25
434 495 1.57 1.19 30 2.92 .25
435 496 1.60 1.19 45 2,92 25
436 497 67 1.33 «20 4.58 <18
437 +90 2.10 +35 2.70 .23
438 499 1.99 .70 «80 2.42 20
439 500 1.82 1.47 45 2.63 «35
446 501 1.90 1.33 50 2. 77
441 502 i.n 1.33 «50 2.70 +38
442 503 .78 1.33 .10 4,58 23
&3 504 1.0 1.40 «33 2.85 33
W44 505 1.79 .70 85 2.42 .25
Method
Constituent Metha of Constituent & of
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil ... Horticulture ... .............. .. . ... Project and Subproject No. . He282 . . . . . ..
(Type and Horizon) )
Plant .. Strewberxy ... ... ... . ... ............. Project Leader . W. E. Ballinger ... ... . . . . . ..
(Specific parts)
AONEITCATIONS o5 s o Y0045 5 » 5o 2ol € 5 R 5 4 ST (6 5 515 8 3 % 0 Laas 1 T 41 i et T o A 5 St 2 B o) A 8 2 ANl
Nature of Experiment .. ... ... ... ...... ... ... ... .. o.o...8erialNo.......................
Method of Sampling . . . . . e e e
Date Sampled. . . 1958 . Taken by WEB Analyses Desired. N,P,K,Ca, Mg . ..
........................................ T
RECORD OF ANALYSES
Sample Number
Field Lab. NZ M__M_L_lzﬂl__lzﬁsil
445 506 1.99 1.82 60 | 2,49 .78
446 so7 | 2.07| 16| .50 | 2.5 .80
447 508 2.07 1561 355 2,56 75
509 <92 1.40 +30 4,58 «63
445 510 1.23 1.26 40 3.50 70
511 1.46 < FC 36 2.63 95
451 512 2.18 1.47 60 | 2,36 .83
452 513 2.16 1.33 60 2.34
453 514 | 2,10 | 1.26| .65 2.3 .83
454 513 98 1.19 40 4.50 63
455 516 1.26 1.05 45 3.35 73
456 517 1.96 «63 <73 3.05 1.
Constituent Methad of Constituent etk
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil .. Hortiewltuwre .. .. ... .. ... ... .. .. .Project and Subproject No. . H=1852.. ... ...........
(Type and Horizon) S
Plant . . Ser: B o 3 % . b s e e 4 R Project Leader ‘We E. - .
m (Specific parts) . 8 ul‘*
Identification: . ... ... ... ... D 5 R s s R R S i S
Nature of Experiment .. SRS A & oo BerialNo.. .
Method' of SAMPHNG - v o i a siammne v o5 siomes s s 6 0 0 SO S F s .
Date Sampled. . = . 1958 Taken by WEB Analyses Desired. N,P,K,Ca, Mg
.......................................... ”qf“m

RECORD OF ANALYSES

Sample Number
Field Lab ca0 2 |Mgo % | 7
457 518 | 1.48 ) 1.54 3.14 60
458 519 | 1.43| 1.26| .45 | 2,32
| 459 | 520 | 1.33| 40 | 3.0
460 _s21 . 1.33 & 4.73 $3
461 S22 | .78 1.4 .30 | 3.20 s3
| &2 | S23 | 1,00 .70! .70 | 2,49
| 463 | 526 | 1.68 | 1.47| . 2.72 70
464 525 | 1.76| 1.40| .45 2.77 .70
465 526 | 1.79 | 1.40| .50 2.77 .73
466 527 .70 | 1.26| .35 4.73 58
467 528 90 | 1.26| .35 | 3.06 _ .58
468 529 .98 63| .70 | 300 @ |
Commm; Method of T Method of
Determination Determination




RECORD OF SOIL OR PLANT SAMPLES

Soil .. Horticwltwre .. ... ... .Project and Subproject No. . He132 |
(Type and Horizon)
Plant . Strawberry . .. .. .. ... ... ... Project Leader .. We B. Ballinger =
(Specific parts)
Identification: ol s cpy A g o T L o s o am s e i @ B s & ngeavesags 6w 5 RT
Nature of Experiment ....... L il e s s T RO T e Serial No.. ... ...
IMEEROANOT SEMDINET . . - v+ einnie e 5 5 e G o 5 BT Doie e 45 515 AOPNE = 095 5 SSTaIAE 8 & Sere 3 i & 8 il e o ool
Date Sampled. .. . 1958 = Taken by .. WEB . _Analyses Desired. . N,P,K,Ca, Mg = . .
...................................... AR OR RO ... i s e e b s

RECORD OF ANALYSES ‘

Sample Number
Field Lab. | N% |(CeD% | MgO% K0 2 20 %

469 530 2.16 1.82 «55 2.56 .75

470 531 2.04 1.61 55 2.49 .78

471 532 1.90 1.68 +35 2.49 .78

472 533 .98 1.33 40 4.50 .60

473 435 1.26 1.26 40 3.20 .

474 535 1.79 .63 75 2.70 .95

475 536 3.64 .63 45 2.20 .80

476 537 3.67 .63 240" 2.20 .80

477 538 3.50 .63 40 2.20 .80

478 539 | 2.72| .70| .35 1.6 .| .60

479 540 2.7 <70 .30 1.34 .65

480 541 2.83 42 .30 1.34 «65

“Lub Check — 342 2.13 <56 ) 1.85
. Method of . Method of
Constituent Constituent
Determination Determination




