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to the Use of Hardwood Chips byG.R.Free*

Soil management practices for satisfactory production of
specific crops or combination of crops can often be ad-
justed for improvement from the standpoint of sound
scientific principles and economics. Recognition of the
management problem involved is the obvious first step to
be taken.

Brady, Struchtemeyer, and Musgrave (1957) have dis-
cussed soil management problems in the Northeast. Refer-
ring to the dairy and cash crop area of New Y ork, where a
relatively high proportion of cropland is devoted to
growing vegetables, they stated, ". . . lack of fertilizer was
seldom the limiting factor in growing vegetables on the
better farms." But they also said that maintenance of
organic matter had become a problem where cash crops
occupy much of the land.

The difficulty of maintaining a supply of decomposing
organic matter in soils of another vegetable-producing
area in the East has been stressed by Hanna and
Oben-chain (1957). They particularly emphasized the value
of rotations and cover crops, and, with respect to the effects
of a sod-based rotation on soil moisture availability in
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that area, they reported, "Yields of vegetables and potatoes
grown in a three year rotation with one year of sod without
irrigation equaled the yields from continuous cultivation
of these crops with irrigation in dry years."

Packing and crusting of the soil were mentioned as se-
rious conseguences of an insufficient amount of organic
matter. Increased erosion damage may also result from
deterioration of the soil's physical condition and from in-
creased soil exposure under row crops.

The following quotation from Flack and Cline (1954)
stresses the beneficial effects of an adequate level of soil
organic matter. "Every farmer should be concerned with
the amount of organic matter in his soils. It is the store-
house of N inthe soil. It holds K and Ca against |eaching and
slowly releases them to crops. It is one of the principal sources
of energy for many beneficial kinds of organisms. It is one
of the principal agents of granulation, and by improving soil
structure, it helps to regulate the water and air in the soil. It
also holds the soil against erosion, thus conserving it for the
future. These and other effects of organic matter make it
highly desirable to maintain an adequate level in our soils."

A good balance between row, grain, and hay crops may
still exist where vegetable and other cash crops are only a
part of regular dairy farming. As the shift to intensive
cropping progresses, rotations may no longer be sod-based
and farm manure is apt to be scarce. Evaluation of alter-



native systems of soil management, including the use of
hardwood chips, was started in New York in 1951 and
terminated in 1966. Sweet corn (Zea mays), beans
(Phaseolus vulgaris), tomatoes (Lycopersicon esculentum),
cabbage (Brassica oleracea), and peas (Pisum sativum)
were grown as vegetable crops that occupy significant acre-
agesin New York.

It is the purpose of this bulletin to present and discuss
the results of this evaluation of management systems over a
15-year period. In an earlier publication, Free (1956)
summarized results for some of the systems over the first 5
years.

Materials and Methods

General

The experiment was located on the soil conservation
research farm near Marcellus, N.Y ., about 15 miles south-
west of Syracuse. This is at the eastern edge of the area
classed as combination dairy and cash crop by Brady et al.

(1957). The soil is Honeoye silt loam, an important,
well-drained, productive, high-lime Hapludalf developed
fromi glacial till derived largely from limestone and shale
(Soil Survey Staff, 1960). The degree of past erosion was
moderate and land slopes were within the range of 6 to 10 per
cent. Available soil phosphorous was low. Plot areas had
been in sod for several years. The purpose was main-
tenance or improvement of soil physical condition rather
than any attempt to rebuild it from a low level.

A randomized block design with 3 replicates was used
for mainplot treatments. Plots were 36 feet wide, up and
down slope, by 40 feet across slope. Plowing and planting
was across slope at a slight grade. Narrow unplowed areas
were left between plots up and down slope, with wider
unplowed aisles between plots across the slope. Row drain-
age and those areas left in sod provided some insurance
against runoff washing onto or across neighboring main
plots.

Main-plot Management Systems

For soil management systems 1 through 6 (table 1),
vegetables were grown for the 15-year period in a 5-year

Table 1. Main-plot treatments

Treatments Crops by years§ \
N Cropping Organic Cover 1951 {gg% } gg; : g?g 1953
£ system™® amendmentt cropl 1936 s = 1960
¥ 1961 1962 1963 1964 1965
B i s o g C L8 8] SC B T C P
AR C PU O 80 B T C P
3 C TD O S0 B T C r
M G e R e A C ] CcC 2C B T C P
B i i e e e R C PU CC sSC B T C P
L T P e i e M e C TD cC 8C B T C P
T Sk et T B M M I &) [ S0 Br Br C P
B orvnmanssnsans sy suninnen I PU CC 8C Br Br C F
L - 5A1 O CC S50 A T C P
A i mm ot o mmgmpms vmemmman SA1 Pu cC sC A T C P
A ——— SA2 O cC 8C A A C P
R i 0 O A SAZ PU o 50 A A C P
I3 coiswsina wewsn e vmasnne e SAB 0 CC sC AB AB C P
e P R T SAB PU cC 5C AB AB C P
I8 e wdis ot s T C 0 O Same as No. 1 above except started 1956
I8 it o B b st Wi C O 0 Same as No. 1 above except started 1961

* Cropping system
3 — Continuous vegetables

I — Intermediate ; Sweet corn — grass in rows for seed 2 years — cabbage — pea

peas

§ — Sod-based: Al sweet corn— alfalfa — tomatoes — cabbage — peas
A?  sweet corn — alfalfa 2 years — cabbage
AB sweet corn — alfalfa and brome 2 years — cabhage — peas



+ Organic amendments
O — None
PU — Hardwood chips plowed under
TD — Hardweod chips top-dressed

1 Cover cmﬁs
0 — None )
CC — Cover crops following vegetables
§ Cm&;
— Bweet corn AB — Alfalfa and bromegrass for hay
B — Dry beans ¢ — Cabbage
Br — Bromegrass for seed P — Peas with alfalfa and clover underseeded
A — Alfalfa for hay T — Tomatoes -



rotation with combinations of hardwood chip amendments
and cover crops as variables. The cover crop seeded at the
last cultivation was annual ryegrass (Lolium multiflorum)
1951-1954 and field bromegrass (Bromus arvensis) there-
after. Ryegrass was subject to considerable winter killing
but bromegrass was not.

For systems 7 through 14, beans or beans and tomatoes
were replaced by sod crops seeded immediately following
sweet corn, with or without wood chips. Cover crops were
used for vegetables in sod-based rotations. Systems 15 and
16 were the same as treatment 1, except that they were
broken from original sod at later 5-year intervals.

Residues were left on or returned to plots for plowing
under. Peas were underseeded with a mixture of alfalfa
and clover to be plowed under for sweet corn the following
year.

The annual rate of wood chip use was the same for all
treatments receiving wood chips, 10 tons per acre wet
weight annually, which was equal to about 7 tons dry
weight. This was enough to barely cover the soil. The
chips included wood particles about Vi inch in size, bark,
twigs, and sometimes leaves. They were home-chipped
from the hardwood species maple {Acer), elm (Ulmus),
and ash (Fraxinus). The machine used was able to chip
trees and limbs up to 6 inches in diameter.

Basic mineral fertilizer treatmentsfor all cropsare shownin
tables 2 and 3. The rates of mineral fertilization (F) given
in table 2 were intended to correspond with rates
recommended by the Department of Vegetable Crops at
Cornell University. Each main plot, when in vegetable
crops, was split to receive 4 fertilizer treatments: F as
shown, WF, F + N, and WF 4+ N,where N represents
100 pounds per acre additional N as ammonium nitrate,
“F was applied at planting; %F and supplemental N
were plowed down. The locations of treatments were ran-
domized at the start and held unchanged for the duration
of the experiment. This gave 4 split-plot treatments, des-
ignatedF, %F, F + N, and %F + N.

The purpose of including these fertilizer and nitrogen
treatments on a split-plot basis was to study the expected
interactions with main-plot treatments, particularly with
respect to those with and without woodchip amendments.

Table 2. Basic rates of fertilization (F) for vegetable crops

Crop N PO, K.D

Ibs/acre
Sweet corn (S8C) ..iovveccns 30 &0 30
T ———— 30 60 30
| Tomatoes i R — 80 160 B0
Cabbage (O) ....covvenssnes 100 200 100

FORE [B): o i miam s 30 6l 30

Based on datain tables 1, 2, and 3 and an estimate of the
principal plant nutrients N, P, and K supplied by
woodchips, information on both the range of amounts of
these nutrients in this experiment and on the proportion
supplied by woodchips may be found in appendix table 1.

Crop Yields

The size of areas from which crop samples were har-
vested from each subplot and weighed for determination
of yields of marketable products ranged from 6 to 10 feet
wide, depending on row width, by 15 feet long in direction
of row. This left border- or buffer-cropped areas around
each plot used for yield determination.

There were multiple pickings or harvests of ripe tomatoes
and sweet corn and either 2 or 3 cuttings per year of hay
crop. Beans, cabbage and peas had only single harvest dates.

Only in 1953, when the crop was tomatoes, was there
any formal grading of harvested crop. In 1963, only, green
fruit left on the vine at the end of the growing season was
weighed.

Amounts of organic materialsturned under in the form of
crop residue, winter cover crops, or the green manure crop
seeded with peas were not routinely determined. There
were determinations of some of thesein 1956, 1959, and 1963
and these results will be discussed. Also, some effects of
sel ected management practicesin this experiment on soil tests
and on yields and composition of cover crops have been
reported elsewhere by Ram and Zwerman (1960, 1961).

Chemical Soil Tests

Before this experiment was started in 1951, samples of
the plow layer were taken from all main plots; the mean
levels of soil organic matter and aggregate stability were 4
percent and 80 percent respectively. Those subplots with
the extremes of fertilizer treatments, F + N and % F,
were sampled before plowing in 1956, 1961, and 1966 — at
the end of each 5-year rotation. The Cornell Soil Test
Laboratory used these samples for determination of pH,
organic matter, total N, and "available” P and K.
Grewel-ing and Peech (1960) have described the
methods for these chemical soil tests.

Table 3. Fertilization for forage crops when planted*®

Crop N PO, E.O

Ibs/acre
Alfalia (1 year) .....coccnns 0 &0 80
Alfalfa (2 years) ....oecuees 0 120 120
Alfalfa and bromegrass ...... 0 120 120
Bromegrass for seedt ........ 0 100 50

#* Banded below seed at planting. .
f 40 lbs/acre additional N side—dressed cach spring.



Aggregate Stability

From the start of the experiment to the fall of 1958, the
subplots of the extremes of fertilizer treatments were sampled
7 times for determination of wet aggregate stability. Starting
with the fall of 1958, they were sampled each fall and each
spring. Wet aggregate stability of samples allowed to
air-dry was determined by the 2-screen method described by
Bryant, Bendixen, and Slater (1948). Results were corrected
for material > 2 mmin size.

Bulk Density and Undecomposed Organic Matter

From 3 to 6 undisturbed soil cores 3 inches in diameter
and 3 inches deep were taken with a Uhland sampler
(Uhland and O'Neal 1951), before plowing in 1956, 1961,
and 1966 from the surface of F + ™ and % F subplots of
selected main-plot treatments. These were dried at 105°C.
Bulk densities were calculated from soil weights and vol-
umes corrected for material > 2 mm. These same core sam-
ples were also used for determination of undecomposed
organic material in the soil. Separation of this material,
which included roots, crop residues, and woodchips, was
accomplished by a flotation process.

Indices of Biological Activity

The relationship of earthworms to soil productivity re-
ceived much attention in the 1940's. During the early
years of this experiment, it was observed that earthworm
populations differed under the various soil management
systems. Indices of these populations were obtained from
counts of earthworms exposed and readily visible during
plowing in 1954, 1955, 1956, and 1959. Enough estimates
of total populations in 9-inch diameter soil cores were
determined to establish the validity of the furrow counts as
indices of populations.

Also, in May 1955, after peas had been planted on all
plots, small maple sticks of known oven-dry weight were
inserted in the plow layer of the F + N and !4 F subplots of
all main plots. A record of exact locations was kept and
approximately one year later the sticks were carefully re-
moved, cleaned, and dried. Losses of weight provided
indices of the general biological decomposition activity in
the different plots and subplots.

Soil Moisture

Soil moisture was not measured routinely, but there
were several detailed studies of it. Before 1962, moisture
was determined gravimetrically on auger samples. Results
of soil moisture measurements starting in 1962 using an
N/C Model P 21 surface neutron gauge and 2800 sealer
will be presented and discussed in some detail.

In late fall 1961, soil samples for determination of
moisture retention curves were taken from the plow layer
of all subplots of treatments 1, 3, 4, and 12. Undisturbed
core samples and commercially available suction plate and
pressure membrane apparatus were used.

Soil Temperature

Soil temperature data were obtained by manual
meas-urements with a dial thermometer. In addition, data

were obtained on the depth and nature of frost penetration.

This was judged by the resistance encountered in driving
pointed rod into the soil.

Erodibility

At the end of formal operation of this experiment, all
main-plot replicates of treatments 1, 3, 13, 14, and 15,
and a plot freshly broken from sod were fallowed and
seedbeds were prepared in both 1966 and 1967 as if a
corn crop was to be planted. A boom-type rain simulator
(Swanson, 1965) was used for determination of erodibility
as a short-term residual of past management.

Pairs of plots, each 12 feet wide by 35 feet long, were
located on the main plots. Simulated rain was applied in
1966 and 1967 at an intensity of 2 Y2inches per hour in
3 separate 30-minute "storms" closely following each other
on the same day. The expectancies of single natural storms
having erosion potentials equal to 1 such storm, 2 such
storms combined, or 3 such storms combined are about
once in 2, 10, or 40 years, respectively, in Central New
York (Wischmeier and Smith, 1965). An erosion potential
index equal to 3 such storms combined has a 50 percent
probability of occurring as an annual total.

Rainfall

Precipitation data, May through October, for each of the
15 years 1951-1965 are summarized in appendix tables 2
and 3. Overall rainfall deficiencies were marked in 1954,
1959, 1962, 1964, and 1965. Above-normal precipitation
occurred in 1951, 1956, and 1958. Planting and harvesting
datesfor various crops are summarized in appendix table 4,
and may be directly compared with 4-week periods of low
rainfall shown in appendix table 3.

Results — Vegetable Crop Yields

Three-year mean yields by main-plot treatments for each
vegetable crop are presented in table 4. Results of analysis
of variance of thedataaregivenintable 5. Each yieldisthe
mean of 36 values (3 replicates X 3 years X 4 subplot
treatments). Overall block by mainplot treatment vari-
ances were used to determine the significance of main-plot
treatment (T) for each crop (table 5).

To determine significance of superiority or lack of it for
paired main-plot treatment comparisons, a nonparametric
rank test was used for main-plot treatments 1-6. Treat-
ment comparisons extended over the 15-year period, pro-
viding 3 plots X 3 years, or 9 paired comparisons for 5
crops. Individual subplot yields were not paired for these
comparisons.

a



Table 4. Vegetable yields — 3-year means

Treatment®
— Corn Beans Tomatoes Cabbage Peas
No. Coded
tons/acre cwt/acre tons/ acre tons,/ acre tons/acre
B cuseii i N, S, 5.2 19.5 18.8 15.8 2.4
B eaninain e CO—=PU— D .. ivcennscniss 5.1 22.4 20,2 17.4 a5
3 . C—TD— O iivesnreasrnes 4.9 23,7 21.5 21.2 2.6
L 2=— O—CC ....ciiiicnans +.7 22.1 16.6 17.9 24
B saa wni C—PU—CC ...ccovnnnnsns i 5.1 24,1 17.5 17.1 28
! C—TD—0CC ...ccvvvarnnas 4.8 22.8 19.9 18.5 % &
T o M N S 5.4 .. o 16.7 2.5
B ernvnnns [—PU—0CC ..cccossanssas 3.4 - 16.9 27
g9 ees SA, — O0—0CC ..... S +.8 15.8 16.7 2.2
10 iwices T R — 48 17.2 18.0 2.7
'S BA i O—0 cesiniins 4.9 o 15.8 2.3
[ JE——— 5A,—PU—CC —— 4.8 15.8 9 4
18 soemuiin BAB-— O—=00 wuvevsvsessen +.3 15.1 2.4
14 ..ves s SAB—PU—CC ...ovvvvnnnnns 34 17.1 25
L5D 5% NS 2.7 NS 2.0 0.3

* See table 1 for key to treatments.

On this basis, treatment 3 involving wood chips
top-dressed without a cover crop was superior to
treatment 1 without wood chips at the 1% level. Treatment
2 involving wood chips plowed down without a cover
crop was superior to treatment 4, which had a cover crop
but no wood chips, at the 5% level. These were the only
significant indications of overall superiority in the 15 possible
comparisons of the 6 treatments. It should be emphasized
that overall superiority does not imply equal degrees of
superiority for each crop.

The same rank test was used for comparisons of yields
under treatment 1, involving 15 years of continuous vege-
tables without wood chips or cover crop, with those under
treatments 15 and 16 involving 10 and 5 years of con-
tinuous vegetables, respectively. In this case, yields for

Table 5. Results of analyses of variance of vegetable yield

data

Variance Corn  Beans |11;]x:::1~‘~ ﬁ:;: Peas
Main-plot treatment (T) .. NS * NS i Ld
Interaction T X year (Y) . NS N5 "8 b ol
Fertilizer level (F) ....... o — *e * *E
Interactions FX Y ....... e . NS i i
X T iaiaes 14 N5 . N& NS
FXYXT.. NS NS NS NS NS

Mitrogen (M) .....cccen-. bl bkl NS - *
Interactions N XY ....... * NS NS d NS
B XET cusmue = N5 NS NS NS
NXYXT.. i NS NS NS NS

M AP e NS NS NS * NS
NXFXY.. - NS N5 NS NS
NXFXT N3 NS NS NS NS

ol ]nﬂiruu-‘ jl.1~|:|1 hi_:;u'lﬂl?ﬂ:ul at "I".--:.\ ]L"".'t'].
*# |ndicates item significant at 1% level.
NS Indicates lack of significance at 5% level,

individual subplots were used to provide 12 paired yields
for each year or crop, and 60 paired yields were possible
for each. The possible comparisons are summarized as fol-
lows:

Significance of overall yield

. . superiority of first vs
Period and treatment comparison second listed

1956-1960

15wl
{1st rotation after sod
o 2nd)
1961-1965

16 vs 15
(1st rotation after sod
vs 2Znd)

15 vs 1
{2nd rotation after sod
vs 3rd Approaches significance
at 5 percent level
16 vs 1

{1st rotation after sod

vs Jrd)

Not significant

Not significant

Significant ar 5 percent
level

Yield levels were markedly affected by the fertilizer
levels (Fand "4 F). However, the trends with increas-
ing number of rotations, not shown separately, were similar.
As in the comparisons for treatments 1 through 6, overall
superiority does not imply equal degrees of superiority for
each crop. Results were influenced more by trends for
beans and cabbage than by trends for the other crops.

Details of crop yield by years and by fertilizer and ni-
trogen split-plot treatments are not presented in this bulletin,
but significant effects, particularly those involving main-plot
treatments will be presented under headings of individual crop
to follow.



Sweet Corn

Three-year mean yields for the 14 main-plot treatments
were not significantly different. Also, the interaction of
treatments by years was not significant. Yields for years
1951, 1956, and 1961 over all 14 treatments were 4.4, 5.9,
and 4.7 tons per acre of marketable corn in husks.

Subplot yields were significantly affected by nitrogen and
fertilizer levels, and the interactions of both with
main-plot treatments were also significant. Extra N and
full-rate fertilization F compared with Vi F increased
yields by 6 and 10 percent respectively.

Much of the meaning of the significant interactions in-
volving N and main-plot treatments is made clear in table 6.
Only with additional N over base fertilization did mean
yields with woodchips exceed those without woodchips.
The effect of omitting extra N was greatest in 1956. For
treatments 7, 11, and 13 without woodchips, overall mean
yields were slightly depressed by additional N, and the
overall effect without woodchips was negligible.

The effect of full-rate fertilization compared with %
full rate was to increase overall yields by 6, 7, and 17 percent
for the years 1951, 1956, and 1961, respectively. Averaged
over the 3-year period, effects of fertilizer level (F
compared to ' F) ranged from 16 to 21 percent
increases for treatments 1, 9, 13, and 14 to a decrease of 4
percent for treatment 4. Increases for other treatments
ranged from 5 to 9 percent.

Beans

Three-year mean yields for main-plot treatments 2
through 6 were all greater than the yield for check treatment,
number 1. Theincrease was significant for treatments 3 and
5. The treatment by year interaction was not significant.
Mean yields of all main plots for the years 1952, 1957,
and 1962 were 21.2, 23.6, and 21.5 cwt per acre,
respectively.

The yield increases resulting from higher levels of both
nitrogen and fertilizer were significant, amounting to 4 and

Table 6. Yields of sweet corn as affected by main-plot
treatments with and without hardwood chips, and subplot
treatments with and without extra nitrogen fertilization

Mean yields

Treatment z
d-year
mean

1956 1961

; : tons per acre
All plots with woodchips

with extra N .......... 4.6 6.3 5.1 53

without extra W coeswsee 43 D4 4.6 &8
All plots without woodchips

with extra N .....v000. 44 6.1 4.5 5.0

without extra W . ..... .. 4.4 6.0 4 6 5.0

15 percent respectively. The interaction of fertilizer level and
years was significant. The overall yield increases asso-| ciated
with the higher fertilizer rate were 10, 17, and 19 percent,
respectively, for the years 1952, 1957, and 1962. The
interactions of subplot with main-plot treatments were not
significant.

Tomatoes

Three-year mean yields for main-plot treatments were
not significantly different, but the treatment by year inter-
action was highly significant. Mean vyields for all
main-plot treatments for years 1953, 1958, and 1963 were
15.6, 22.4, and 17.4 tons per acre, respectively.

In 1953, yields for treatments 3 and 6 involving
top-dressed wood chips were significantly greater than
the yield for check-plot treatment 1. In 1958, the effect of
main-plot treatment was not significant. This may be re-
lated to more than normal rainfall in 1958. In 1963, the
yield for treatment 3 was significantly greater than the
yield for treatment 1, while yields for treatments 9 and 10,
involving a sod crop with and without wood chips, were
significantly less. Thelow yieldsfor treatments9 and 10 in
adry year may be associated with moisture use by alfalfa,
in 1962 and early in 1963.

Subplot yields were not significantly affected by addi-
tional N, although the overall trend was toward decreased
yields at both levels of fertilizer and for most main-plot i
treatments.

Subplot yields were significantly affected by fertilizer
level; the mean benefit from full fertilization F compared
with !4 F amounted to 12 percent. The interaction with
main-plot treatments was significant; the increases from
full fertilization ranged from alow of 11 percent for treatment
4 to a high of 14 percent for treatments 1 and 9.

The effect of main-plot and fertilizer treatments on
ripening, quality of fruit, and total fruit set received
specific attention only in 1953 and 1963. In 1953 the effects
of main-plot treatments on yields for individual harvests or
pickings was highly significant but of limited practical
importance. By August 20, percentages of total harvest
picked ranged from 27 to 37 percent. Treatments 1, 3, and
6 ranged from 27 to 29 percent within this range. By
August 27, however, percentages ranged only from 70 to 75
percent, with no well-defined pattern among treatments.

Alsoin 1953, the effects of fertilizer treatments on pickings
was highly significant. By August 20, ripe fruit picked from
subplots with the high fertilizer treatment was only 8 percent
greater than that picked from the low or % F fertilizer
treatment. The corresponding percentage for subsequent
pickings was 35 percent.

In 1953, some grading of harvested fruit was done.’
There was a significantly lower percentage (44%) of
top-grade fruit for the number 1 check treatment than
for



any other treatment (range 52-60%). Effects of subplot
fertilizer treatments on quality were not significant.

Total fruit set was particularly heavy in 1963, and by
the end of the season more than the usual quantity of
green fruit was left on the vines. The amount of this
green fruit measured as means of high and low fertilizer
levels ranged from about 7 tons per acre for treatments 1
and 9 to about 13 tons for treatments 3, 5, and 6. About 62
percent of these amounts were for the high fertilizer treat-
ment.

For ripe fruit yields in 1963, the interactions of main
plot treatments and pickings, and fertilizer level and pickings,
were both highly significant. By September 23, from 38 to
44 percent of total ripe fruit had been harvested from
treatments 1, 2, 9, and 10 compared with 28 to 32 percent
for treatments 3, 4, 5, and 6. For first, second, third, and
fourth harvests respectively, yields of the low fertilizer
treatments were 90, 79, 73, and 64 percent of those for
high-rate fertilization.

Cabbage

Three-year mean yields for treatments 3, 4, 6, and 10
were significantly greater than the mean yield for check
treatment 1. The interaction of main-plot treatments with
years was highly significant. Mean yields over all treat-
ments for years 1954, 1959, and 1964 were 13.8, 18.0,
and 19.5 tons per acre respectively.

These mean vyields are satisfactory for the years they
represent, since rainfall for the periods July through Sep-
tember ranged from only 64 to 71 percent of normal.
Hoecher (1942) found that mean yields were 13 percent
less than normal when rainfall for July, August, and Sep-
tember ranged from 70 to 90 percent of normal.

All three of the years were dry, and treatments 3 and 6
involving top-dressed wood chips were superior to the
check by amounts at or well above significant levels. In
1964, yields for all treatments except 9 and 13 were sig-
nificantly greater than check.

Both extra N and full fertilization (F) produced yields
higher than those of the'F level. Yields were increased
8 percent by extra N and 28 percent by full fertilization.
Extra N above full fertilization increased yields only 2
percent. Interactions of split-plot treatments with
main-plot treatments were not significant.

The interactions of both extra nitrogen and the two
fertilizer levels with years were significant. The yield in-
creases associated with extra N were 2, 6, and 4 percent
respectively for 1954, 1959, and 1964. Increases associated
with F fertilization levels compared with % F were 26,
35, and 23 percent for these years.

Peas

| Rainfall was below normal for May and Junein 1955 and
1965 but was above normal in 1960. Three-year mean yields
for treatments 5, 8, and 10 involving wood chips

plowed down were significantly greater than the yield for
check treatment 1. The main-plot treatment by year inter-
action was also significant. Mean yields over all treatments
for the years 1955, 1960, and 1965 were 1.8, 3.2, and 2.6
tons per acre, respectively.

In 1955, one of the dry years, yields from main-plot
treatments did not differ significantly from those of the
check. In 1965, the other dry year, only treatment 5
yielded significantly more than the check. Treatment 13
yielded significantly less. In the wet year, 1960, treatments 3,
5, 6, 7, 8, and 14 yielded significantly more than the check.
All but two of the wood chip treatments without alfalfain
the rotation are included, and treatment 14 had both wood
chips and alfalfa.

Extra N fertilization significantly reduced yields by 4
percent. The standard fertilization treatment (F) gave an
average 13 percent greater yield than Vi F, but the in-
crease was only 2 percent in the wet year 1960. The in-
crease was more than 20 percent in 1955 and 1965. Inter-
actions with main-plot treatments were not significant.

Hay and Grass Seed Yields

Hay yields for treatments 9 through 14 are presented in
table 7. The effect of main-plot treatments was slight.
Yields of treatment 14 with wood chips exceeded those of
13 without wood chips at the 10 percent probability level.

The residual effects of nitrogen and fertilizer levels used
as split-plot treatments for vegetables but not for hay
were significant. The full fertilization and high nitrogen
levels for vegetables resulted in average increases of hay
yields amounting to 10 and 4 percent repectively. Inter-
actions with main plot treatments were not significant.

Smooth bromegrass for treatments 7 and 8 was seeded in
rows following sweet corn harvestsin 1951, 1956, and 1961.
The seeding date was late in 1956. Seeding failures, loss of
stands, and quackgrass contamination made seed harvests
possibleonly in 1952, 1953, and 1958 when yields of seed for
the best treatments were 489, 561, and 687 pounds per acre,
respectively. Pardee and Lowe (1963) reported that smooth
bromegrass seed yields are extremely variable in New Y ork.

Table 7. Hay yields (oven-dry basis)—3-year means

Treatment®
—_— First year Second year
No. Coded
tons/acre
9 8SA, — O—CC ........ 2.5 —
10 SA, —PU—LCC ....... . 2.4 —_—
11 5A, — O—CC ........ 2.5 3.5
12 SA, —PU—CC ....vuus 2.6 8.7
15 SAB— O—CC ........ 2.5 3.5
........ 3.0 4.0

14 SAB—PU—CC

* See Table 1 for key to treatments.



Green Manure and Cover-crop Yields

Yields of winter cover crops and of the legumes seeded
with peas were not determined routinely. However, in
mid-September 1960, one set of samples of the legume
under-seeding was taken. Yields ranged from 1.7 tons of
dry matter per acrefor treatment 1 to 2.4 for treatment 3.
The treatments with yields significantly greater than that
for check treatment number 1 were 2, 3, 6, 10, and 14.
Treatments with yields significantly lesss than check were
11, 12, and 13. Theyield benefit from high-level fertilization
as the split-plot treatment for vegetables was 28 percent
compared with a negligible 3 percent for high-level N.
Interactions with main-plot treatments were not significant.

On May 26, 1959, just before plowing for cabbage,
samples of above-ground growth of cover crops at high
(F + N) and low (Vi F) fertilizer levels were taken from
plots of treatments 4, 5, 6, 9, 10, 11, 12, 13, and 14. Mean
yieldsfor high and low fertilizer levelswere 0.86 and 0.71 ton
per acre respectively. Thisdifference of 21 percent was highly
significant. Mean yields for main-plot treatments ranged
from a low of 0.49 for treatment 6 to a high of 1.03 for
treatment 9, but this difference was not statistically
significant for this one sampling. A low yield for treatment 6,
however, does agree with observations made at other times.
Cover cropswere generally seeded in July in corn, beans, and
tomatoes and in August in cabbage.

In 1963, after all ripe and green tomatoes had been
removed, 10-vine samples were taken from each fertilizer
subplot for treatments 1, 2, 3, 4, and 9 and were oven
dried at 80°C. The effects of main-plot treatments and
fertilizer level on dry weights were significant, but the in-
teraction was not. The mean dry weight of the 10-vine
sample from treatment 3 was 4.0 pounds compared with
2.5 to 3.0 pounds for the other samples. The mean weights
for samples from high and low fertilization levels were
3.4 and 2.7 pounds respectively.

Modification of Soil Properties

Chemical Soil Tests

Soil samples were taken in 1956, 1961, and 1966 from
the 0-6-inch depth of selected split-plot fertilizer treat-
mentson all main plots. Results of determinations of soil pH,
organic matter, total nitrogen, "available" phosphorous
and potassium are presented in tables 8 through 12 for the
1966 samples only. Corresponding data for the 9-12 inch
depth are also presented in these tables.

In tables 8 through 12, some of the results for the
0-6-inch depth are followed with the letters D or |. This
indicates that those test values for the 3 years of sampling,
although not presented for 1956 and 1961, progressively
decreased (D) or increased (1).

pH Values

There is a consistent tendency at both depths for those m
treatments receiving hardwood chips to have slightly lower pH
values than those for corresponding treatments without chips
(table 8). Mean values at the 0-6-inch depth for the chip
treatmentsranged from 6.9 to 7.1 compared with 7.0to 7.3 for
the no-chip treatments.

Less marked but still significant is the tendency for
slightly lower pH values under the F + N fertilizer
treatment compared with  the V4 F treatment. The
interaction of main-plot treatment with fertilizer level
was not significant.

As would be expected of this high-lime soil, pH values
for the 9-12-inch depth are consistently higher than for
the 0-6-inch depth.

Organic Matter

At the 0—6-inch depth, the highly significant effect of
hardwood chip amendments is apparent, with mean test
values for these treatments ranging from 4.9 to 5.8 percent
compared with a range of 3.6 to 4.2 percent for nonchip
treatments (table 9).

Values for treatments which included cover or sod crops
without woodchips, numbers 4, 7,9, 11, and 13 were all

Table 8. Results of pH soil tests — 1966

Treatmentt 0-6-inch depth  9-12-inch depth
Mo, Coded F4N WF F4+N WF
pH value
i cC— O0— O .. 72 7.3 7.4 1.5
2 C—PU— O 70D 7.2 1.2 7.2
3 C—TD 8 . 6.8 70D 6.9 6.9
4 C o—CcCc .. 71D 13D 1.3 1.2
5 C—PU—CC 7.0D 71D 1.2 7.3
[ C—TD—CC .. 70D 1.1 7.1 1.4
7 I— O cC 1.1 7.2 1.3 1.3
] I—-—PU—CC .. 69 69D 1.2 1.2
g 54, — O—CC .. 1J 73D 7.3 1.3
10 SA, —PU—CC ,. 69 i.1D 7.1 7.3
11 8A,— O—CC 7.0 7.1 D 7.3 7.4
12 SA, —PU—CC .. 69 70D 1.2 1.3
13 SAB— O—CC .. 70D 71D 7.3 7.3
14 SAB—PU—CC .. 659 7.0D 7.2 1.3
15 C— O0— 0O .. 12 7.3 7.4 7.5
16 C— O0— O .. 72 7.3 1.4 7.3
LSD @ 5% covnnrren 0.2 0.2
Significance:
Main-plot treatment (1) kol b
Fertilizer level (F) ..... b *
Interaction (T X F) ... NS NS

t See Table 1 for key to treatments,
* Significant at 5% level.

*# Significant at 196 level.

NS Not significant at 5% level.



Table 9. Results of soil organic-matter tests — 1966

Treatment}

0—6-inch depth  9-12-inch depth
No. Coded F+N WF F4+N NF
percent
1 C— O— 0O 38D 353D 2.1 1.8
2 C—PU— O .. 52 4.9 3.5 2.8
3 C—TD— O .. il 3.7 2.4 2.5
4 C— O—CC . 42D 42D 2.3 34
5 C—FPFU—CC 5.4 541 2.7 33
4] C—TD—CC 5.4 44D 1.9 2.2
7 I— O0—CC 39D 40D 2.2 3.0
8 I —PU—CC 33 5.3 2.5 2.6
9 S5, — O0-—CC 41D 3.6D 2.6 2.3
10 SA, —PU—CC 5.1 49D 2.7 2.2
i1 8A,— 0—0OC 4.2 4.2 2.3 2.3
12 5A, — PU—CC 5.3 5.4 2.4 2.5
13 S5AB— 0O—CC 4.5 40D 2.7 2.5
14 SAB—PU—-CC .. 3591 571 2.9 2.4
15 C— O— O .. 38D 34D 2.0 2.0
16 C— O0— 0O .. 38 3.8 1.9 2.3
LSD @ 5% v0vuvnens 0.7
Significance:
Main-plot treatment (T bl NS
Fertilizer level (F) ..... * NS
Interaction (T X F) ... NS NS

% See Table 1 for key to treatments.
* Significant at 5% level.

*## Significant at 19 level.

NS Not significant at 5% level.

greater than for the check, but the differences for the 1966
sampling were not significant at the 5 percent level. How-
ever, progressive downward trends of organic matter at
both levels of fertilization areindicated for treatments 1, 4, 7,
9. and 15, which do not include sod crops or organic
amendments.

At the 0-6-inch depth there is a significant tendency for
lower organic matter percentages with ' F rate fertiliza-
tion than with F + N. Thisisconsistent with the lower returns
of organic matter previously noted. The interaction of
main-plot treatment with fertilizer level was not significant,
although the 0.5 percent difference for fertilizer level under
treatments 1,9, 13, and 15 is noteworthy.

Nitrogen

At the 0-6-inch depth, all of the mean nitrogen contents
except that for treatment 15 were significantly greater
than that for check treatment 1 (table 10). The highest
mean values of 0.26 and 0.28 percent for treatments 3 and 14,
respectively, may be compared with 0.17 and 0.18 percent for
treatments 1 and 15. The effect of fertilizer treatments was
not significant despite the great differences in nitrogen
applications (fertilizer alone or fertilizer and woodchips) as
shown in appendix table 1.

=]

Table 10. Results of determinations of total soil nitrogen

1966
Treatment} (O-6-inch depth  9-12-inch depth
No. Coded F4+N BF F4+N uF
percent
1 C— O— O .. 0LI8D 016D 0.4 0.15
2 C—PI— O 231 23 A7 14
3 C—TDh— 0O .. .24 291 .15 13
4 C— O0—0CC .. .22 .21 A4 18
3 C—PFU—CC ., .24 24 A7 16
6 C—TD—QCC .. .251 23 A2 A3
7 I— O—CC A8 D .20 A3 16
B I—PU—CC .. .251 23 15 18
9 SA,— O—0CC .. .22 19D .18 J4
10 SA,—PU—CC .. M 231 16 A8
11 5A,— O—CC .., .23 221 13 14
12 S5A,—PU—CC ,. 241 24 13 A2
13 SAB— O—CC .. .24 22 A4 13
14 SAB—PU—CC .. .27 281 A7 A3
15 C— O— 0O .. .19D ABD 16 14
16 C— O— 0O .. .21 21 A2 14
LSD @ 5% .ccuveses 0.03 —-
Significance:
Main-plot treatment (T) . NS
Fertilizer level (F) ..... NS NS
Interaction (T X F) ... NS NS

1 See Table 1 for key to treatments.
*% Significant at 196 level.
NS Not significant at 59 level.

Nitrogen uptake by crops was not determined in this
experiment. Unpublished results from another experiment
on the same soil type .where the crop was corn for grain,
indicate that the average annual uptake in the
above-ground portion of crop from check plots without N
fertilization was 100 pounds of N per acre, which was
equal to approximately 2.4 percent of the nitrogen in the
plow layer. This percentage applied to the nitrogen
percentages 0.17 and 0.28 suggests a difference of 50 pounds
of N per acre available annually.

Trends of organic matter and nitrogen with respect to
main-plot treatments were similar. Ratios of nitrogen to
organic matter were approximately 1:21, 1:19 and 1:17,
respectively, for the 0-6-inch depths under woodchip
treatments, the depths for other treatments, and the
9-12-inch depths for all treatments.

Available Phosphorous

Significant differences between split-plot fertilizer treat-
ments were found at both sampling depths (table 11). At
the 0-6-inch depth, the interaction of main-plot and subplot
treatments was highly significant. At this depth for
treatments 16, 15, and 1, which represent, respectively, 5, 10,
and 15 years under intensive vegetable cropping with-



Table 11. Results of tests for "available" soil phosphorous

Table 12. Results of testsfor "available' soil potassium

1966 1966
Treatment} O-6-inch depth  9-12-inch depth Treatmentt O-6-inch depth  9-12-inch depth
Mo, Coded F+N wWF F+N W F No. Coded F+N W F F+N WF
pounds/acre pounds,/acre
1 C— 00— 0O 44 1 6 7 1 1 C— O— O .. 1521 831 87 63
2 C—PU— O 551 171 8 2 2 C—PU— O ., 1901 168 I 110 83
3 C—TDh— O 42 1 211 4 2 3 C—TD O 2121 222 1 132 82
4 C— O0—0CC .. 42 1 7 3 4 4 C— O—CC .. 1131 90 I B0 72
5§ C—PU—CC .. 421 81 5 2 3 C—PU—CC .., 1321 127 I 67 70
] C—TD—CC .. 331 6 2 1 6 C—TDh—CC 178 1 1321 75 78
7 I— O0—CC 241 101 3 1 7 I— O—CC 138 100 97 60
8 I1—FU—CC 211 7 1 1 & 1—PU—CCG 155 122 70 62
9 BA, - O0O—CC 31 4 2 1 9 SA,— O—CC a7 801 38 65
10 SA, —PU—CC 32 ] 4 1 10 SA, — PU—CC 168 1131 92 32
11 5A,— O—CC 211 2D 1 1 11 SA,— O—CC 108 I 82 62 G0
12 A, —PU—CC .. 241 3 1 1 12 S5A, —PU—CC 132 1 103 I 75 70
13 SAR O0—CG .. 0l 4 2 i 13 SAB— O—CC 108 105 75 58
14 SAB—PU—CC ,. 231 & 1 1 14 SAB—PU—CC .. 152 118 72 7
15 C— O0— 0O .. 251 3 5 1 15 C— O0— O .. 1051 93 72 63
16 C— O— 0O .. 11 5 1 1 16 C— O— 0 .. 115 a2 68 70
LSD @ 5% ..ovcnnns 9 -— LSD @ 5% -ovvcenne 48 e
Significance: Significance:
Main-plot treatment (T L NS Main-plot treatment (T) i NS
Fertilizer level (F) ..... i " Fertilizer level (F) ..... — *
Interaction (T X F) ... " NS Interaction (T X F) ... NS NS
i S —_— : . = -
§ Ben Tiithe 1'iir bey to toestouent; T See Table 1 for key to treatments

*## Significant at 19 level.
NS Not significant at 5% level.

out cover crops or woodchips, test values increased from
11to25to 44 at F + N fertilization and only from 3to 5 to
6 at Vi F. The corresponding inputs of P fertilization from
appendix table 1 were respectively 238, 475, 713, and 59, 119,
178.

There was no consistent effect of woodchip amendments
on soil tests for available phosphorous. However, for those
treatments cropped over the entire 15-year period, avail-
able phosphorous at the F + N fertilization level ranged
from 42 to 55 for the first 6 treatments and 21 to 32 for
treatments 7 through 14.

Available Potassium

Significant differences between split-plot, high and low
fertilizer treatments were found at both sampling depths,
(table 12). The superiority of high-level fertilization com-
pared to low averaged 12.6% at the 0-6-inch depth and
11.3% at the 9-12 inch depth. At neither depth was the
interaction of subplot and main-plot treatments significant.

Tests for available potassium at the 0-6-inch depth av-
eraged 50 percent higher for woodchip treatments than for
corresponding check treatments. Most of this can be at-
tributed to the additional K added in woodchips (appendix
table 1).

10

# Significant at 5% level,
*# Significant at 19 level.
NS Not significant at 5% level,

Physical Soil Properties

Aggregate Stability

From the beginning of the experiment in 1951 to the
fall of 1958, plots were sampled only 7 times for aggregate
stability, but starting in the fall of 1958, these determina-
tions were made each fall and spring.

Trends of aggregate stability with time are presented
graphically in figure 1 for treatments 1, 15, and 16, rep-
resenting 5-year intervals of date of initiation; in figure 2
for treatments 1, 3, and 4, representing effects of wood
chips and cover crops; and in figure 3 for treatments 1, 9,
11-13, and 12-14, comparing effects of sod and sod plus
wood chips. Most plotted values are means of 12 values
for main-plot treatments, representing 2 fertilizer levels, 3
plot replicates, and 2 determinations of stability of each
sample in the laboratory.

Generally, the stability of samples from F + N subplots
were found to be significantly less than samples for' F
subplots. Differences, although consistent, were generally
small in comparison with effects of main-plot treatments.
Interactions of main-plot and subplot data were not sig-
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Figure 1. Soil aggregate stabilities under check management system consisting of
continuous vegetable cropping without cover crops or hardwood chips. Treatments
1, 15, and 16 started from sod in 1951, 1956, and 1961, respectively.

nificant. The reason for the difference associated with
mineral fertilization treatments is not known. It seems to
be independent of main-plot treatments as well as a re-
versal of what might be expected from effects on yields
and organic matter returns from crops.

Initial aggregate stabilities for the sets of plots started
from uncropped and undisturbed old sod at 5-year intervals
(figure 1) ranged from approximately 80 to 90 percent.
Within each 5-year rotation, the stabilities reached for the
rotation following cabbage were low. These low values
became progressively lower as cropping continued, but in
every case within rotations were followed by a temporary
improvement in stability. For peas, this improvement may be
attributed to diminished tillage and to the short-term catch
crop underseeded with the peas.
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Other variations of appreciable magnitude within and
between rotations may be attributed to differences in the
balance between factors that tend to improve or reduce
stability. Among these are organic matter levels and inputs,
moisture regimes, rainfall energy, and the extent of freezing
and thawing.

Figure 2 shows marked differencesin stabilities resulting
from either using cover crops or top dressing with woodchips.
Superiority of the better soil management practices as
compared with check are marked through 3 rotations. Not
shown are data for treatment 2, where chips were plowed
under immediately rather than left to remain on the soil
surface for a year. Although the magnitude of differences in
relative effects of treatments 2 and 3 was small, 3 were
superior in 18 out of 22 instances.

Check Plus Cover Crops (4]

195 52 33 54 55 36 57
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Figure 2. Soil aggregate stabilities under 3 different management systems over
15-year period. All under continuous vegetable cropping, but treatment 3 included
hardwood chips and treatment 4 included cover crops.
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Figure 3. Soil aggregate stabilities under ¢ different management systems over 15-
year period. Treatment (1) continuous vegetable cropping; treatment (9) 1 year hay
crop in 5; treatments (11 and 13) 2 years hay crop in 5, and treatments (12 and

14) 2 years hay crop in 5, plus hardwood chips.

Figure 3 compares stabilities under check treatment 1
with those under 9 (cover crops and 1 year sod in 5),
under 11 and 13 (cover crops and 2 years sod in 5), and
under 12-14 (cover crops and 2 years sod in 5 plus hard-
wood chips). Only under the systems that included 2 years
of sod in 5 were stabilities during the third cycle of the
rotation restored temporarily to the initial or starting
level of 80 percent. A marked and consistent additional
benefit resulted from hardwood chips supplementing 2
years of sod. Treatment 9 compares closely in magnitude
of effects with that of treatments 3 and 4 in figure 2.
Actually, treatments 3 and 4 were slightly superior to
treatment 9 in 15 and 13 comparisons, respectively.

Bulk Densities

Data for selected treatments sampled before plowing in
1956, 1961, and 1966 are presented in table 13. Plots at
these times were all in the legume underseeding following
peas. Data by year, main-plot treatment, sampling depth,
and fertilizer treatment are means of results from 3 to 6
samples.

In 1966 after 15 years of treatment, main-plot treat-
ments and depth differences were significant.

The interaction of main-plot and subplot fertilizer
treatments was highly significant. At the high F + N fer-
tilizer level, mean bulk densities, except for treatment 14
(2 years sod in the rotation plus woodchips), were not
greatly different from that for the check treatment. At the
low V* F fertility level, however, the mean of 1.40 gms/cc
for the check treatment was high.

Undecomposed Organic Matter

The same samples used for bulk density determinations
presented in the preceeding section were also used for de-
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termination of undecomposed organic material present in
the soil. Resulting data are summarized in table 14.

There were marked differences between treatments with
and without woodchips. Furthermore, there is a tendency
for amounts to increase with successive 5-year rotations
where woodchips were used and to decrease or stay the
same where they were not.

Table 13. Bulk density data for selected treatments*

9-12-inch depth

2-5-inch depth

Treatment Year —
F 4+N % F F +N WF
grams per cubic centimeter

Check 1936 ...es: «s L.26 1.30 1.38 1.42
1961 ....caus 1.30 1.38 1.37 1.37
1966 ..iinis . 122 1.42 1.37 1.39
AVE, sannas . L1.26 1.37 1.37 1.39
Check 4+ 1| ] R —— 1.20 1.17 1.27 1.51
woodchips 1961 COE 1.21 1.25 1.23
1966 ..nnese « 18 1.20 1.26 1.24
AWE. cousivs 1.18 1.19 1.26 1.26
Z-year sod 1956 ..csains 1.14 1.20 1.31 1.29
1961 .....00. 1.21 1.27 1.30 1.29
1968 .ocvnvs 1.21 1.33 1.31 1.30
Avg. . L19 1.27 1.31 1.29
2.year sod 4 1956 ........ 1.14 1.17 1.51 1.28
woodchips 1961 ....... « LG 1.20 1.26 1.27
1966 ......0. 1.15 1.08 1.23 |.]9:

Avg. 1.15 1.15 * 1.27

1.25

* In 1966 LSD @ 5% level = 0.07



Table 14. Amounts of undecomposed raw organic matter

i(roots, residues, and woodchips) in soil for selected
treatments*
2-5-inch depth  9-12-inch depth
Treatment Year =—
F+N wF F+ N wF
grams per cylinderf
Check VG i iiaac 0.8 0.9 0.3 0.3
1961 ........ A4 3 3 2
1966 .....c0- . i 2 -2
AVE., ciivsnns 0.6 0.5 0.3 0.2
Check 4 1956 2.6 2.6 0.7 2
woodehips 2, 2.3 2.0 1.1 1.5
] R —— 3.6 40 2.0 1.3
AVE. .cssansa 2.8 2.9 1.3 1.0
Z-year sod 180 wiiiines 1.3 B A 3
2| 0 e i 1.5 9 | b
1966 ........ 1.0 ] 3 -3
AVE. vivvnnne 1.5 0.6 0.3 0.3
Zyearsod 1956 ........ 2.4 3.5 5 0.1
+woodchips 1961 ........ 3.5 24 24 4.3
L 46 4D 2.0 2.6
AR i 33 3.3 1.6 2.3
®In 1966 L5D 6 59 level 0.8.
t Grams/cylinder approximately equal tons/acre.

The amount of undecomposed organic material present

under woodchip treatments nearly equals 1 year's application.

This not only indicates that woodchips decompose slowly,
but also suggests that the amount added may have been more
than enough to achieve the desired effect on soil properties.
The effect of rate of application was not studied.

Biological Activity

Results obtained in 1954, 1955, 1956, and 1959 from
earthworm counts are summarized in appendix table 5.
Hardwood chips increased the number of earthworms by a
factor of 3. The 1954 and 1956 data indicate that, regardless
of whether woodchips were used, the difference in fertilizer
use had essentially no effect on earthworm population.

Losses of dry weight of sticks placed in plots during
May 1955, and removed a year later were found to range
from 14 to 36 percent, averaging 25 percent. Losses under
the F + N and' F treatments averaged 28 and 22 per-
cent, respectively, a highly significant difference. Losses for
main-plot treatments with and without woodchips averaged
30 and 19 percent, respectively, which is also a highly
significant difference. Mean weight losses from sticks were
correlated (r = 0.88**) with mean counts of earthworms
in 1955 and 1956. The earthworm counts appear to pro-

vide indices of the general biological activity in the soils.

Their life cycles may have been important factors in the
differential conservation and build-up of soil nitrogen
shown by soil tests.

Soil Temperature

Soil temperatures were not routinely measured. Enough
data were obtained, however, to show direction and mag-
nitude of effects of certain treatments.

On August 4, 1954, a partly cloudy day, soil tempera-
tures at adepth of 2 inches were manually measured with a
dial thermometer. Mean temperatures for plots of the 2
treatments topdressed with wood chips ranged from 75-81°F,
averaging 78.2°F. This compares with a range of 82-87°F
and a mean of 84.3°F for all other treatments. By
September 28, however, the effects of topdressing were no
longer observable. Instead, the dominant factor affecting
soil temperature was shade from cabbage plants. Mean
temperatures for shaded and unshaded areas were 60.4
and 67.6°F respectively.

At a depth of 4 inches on May 27, 1963, when soil
temperatures in plots plowed for tomatoes ranged from
53-54°F, the temperature range for plots left in hay, then
about 14 inches high, ranged from 50 to 51 °F.

During the winter period when freezing temperatures
occur, marked effects of standing crop cover or the lack of it
and of the effects of wood chips, particularly when
top-dressed, were often noted. Snow caught and held by crop
cover definitely inhibited soil freezing. Frozen soil could
contribute to increased runoff and breakdown of soil ag-
gregates. Topdressed wood chips aso inhibited soil freezing
probably due both to higher levels of soil moisture and to
greater soil porosity.

Soil Moisture

In late fall 1961, samples for determination of
moisture-retention curves were taken from the plow layer
of all subplots of treatments 1, 3, 4, and 12. Effects of
fertilizer subplot treatments were not significant. Effects of
mai n-plot treatments were highly significant, with differences
at tensions of 1/3 and 15 atmospheres as follows:

Main-plot
treatment® .
Muopisture percentaees -
Number Coded 1/3 atm 15 atm Difference
1 C—0 O 20,6 8.6 12.0
3 C—TD—0O 26.9 11.7 15.2
4 C O CC 21.8 10.3 11.5
12 §—A,—PU—-CC 26.0 11.4 14.6
LSD 5% level 2.0 1.4
# See table 1 for key to treatments

Clearly, the effect of wood chips on moistureretentionis
dominant. Converting mean data for 1/3 and 15 at-
mosphere moisture percentages of chip and no-chip treat-
ments to a volume basis gives volume percentages of 14
and 31 percent and 13 and 28 percent, respectively. The



differences of 17 and 15 percent represent approximations
of available moisture capacities by volume.

Results of soil moisture measurements on plots in 1962,
1963, and 1964 made with a surface neutron gauge are
presented in appendix table 6. On 8 of the 11 dates, sig-
nificant effects of main-plot treatments were found. In
1962 and 1963, some of these were associated with crop
(hay or vegetables). The mean effects of wood chips and
cover crops for continuous vegetables are shown as means
in the right-hand column.

Rainfall amounts for the week preceeding measurement,
for all dates except July 27, 1962, ranged from 0 to 0.67
inch. The effect of a heavier amount of rainfall, 2.13
inches, is seen in the data for July 27, 1962. Moisture per-
centages at this time varied from 20 to 28 percent, well
within the upper half of the readily available moisture
range. All values for 1964 were near or below the lower
limit of readily available moisture. Cabbage yields for 1964
thus show the importance of subsoil moisture in a dry
year.

Significant effects of fertility levels, F+ N and % F,
were found in the data for September 6, 1962, August 9,
1963, and August 20, September 16, and October 14, 1964.
Values for the F + N level averaged about 1 percent higher
than for the': F level. This may be associated with a
greater amount of crop canopy that provided more shade
for the soil.

Relative Erosion Losses

Wischmeier and Smith (1965) presented and discussed
rainfall (R), soil erodibility (K), slope length (L), slope
gradient (S), cropping management (G), and
erosion-control practice (P) as dominant factors in an
equation for predicting mean annual soil loss from a given
area.

Part of their specificationsfor the soil-erodibility factor K
states that it represents "land that has been tilled and kept
free of vegetation for a period of at |east two years or until
prior crop residues have decomposed." This implies, of
course, that residual effects of previous cropping and
management might be expected to be present for at least 2
years under fallowing and without further differential
treatment. Residual effects should thus be reflected in factor
C.

Plots of selected treatments were plowed and fallowed
early in both 1966 and 1967. Rain simulator plots 12 feet
wide and 35 feet long were laid out on them. A boom-type
rain simulator (Swanson, 1965) was used for determination
of relative erodibility as a short-term residual of past
management. Simulated rain was applied at an intensity
of 2 '/a inches per hour in 3 separate 30-minute "storms"
closely following each other the same day, as described
under Materials and Methods.

Erosion and runoff data determined in 1967 as residual

effects of 6 selected treatments are presented in table 15.
These data are arrayed left to right in order of increasing
aggregate stability determined on 0-6-inch samples taken™
just before the rain simulator tests in 1967. Differences in
erodibility of treatments and in the magnitude of the negative
correlation with aggregate stabilities were most marked in the
data for the first storm. Mean total erosion for these 6
treatments in 1967 was only 6 percent more than in 1966,
but significance of treatment effects was greater in 1967,
probably because of transient effects of the catch crop plowed
under in 1966. Procedures and techniques may have been
better standardized in 1967 than in 1966, which was the first
year of using the rain simulator.

These data show residual benefits of hardwood chips and
of sod-based rotations. Erosion and runoff of treatments 1,
15, and 13 which did not receive wood chips should be
compared with treatments 3 and 14, which did. Obviously,
however, they cannot show aggregate and cover effects of all
years of arotation. For example, erosion under treatments 13
and 14 while in sod would probably be neglible. Furthermore,
had tests of these particular plowed treatments been made in
1964, the first year after 2 years of sod, benefits would
probably have been greater than in 1966 or 1967. Similarly,
the measured erodibility of treatment 3, topdressed with wood
chips immediately after planting vegetable crops, in these
erosion tests did not include the surface-protection effects of
the wood chips.j Finally, favorable effects on erosion and
runoff would probably have resulted from the better crop
canopies associated with the higher yielding treatments.

Table 15. Erosion and runoff losses 1967

Treatment number®
1 15 13 3 14 17
Erosion tons acre
Storm 1 ..... 2.1 2.4 1.8 0.9 0.9 0.6
Storm 2 ..... 6.2 3.9 3.7 2.8 3.7 20
Storm 3 ..... E.i_ 4.2 3.8 3.5 ) 4.1 4.0
Toml . 14.5 10.5 9.5 7.2 B.7 7.5
Surface runoff inches
Storm 1 .,... 0.4 0.6 0.6 0.3 0.3 0.2
Storm 2 ..... 9 1.1 1.1 9 0.9 0.7
Storm 3 ..... ]L 1.2 1.1 1.0 1.0 0.9
Total ..cxs 24 29 2.8 2.2 2.2 1.8
Aggregate
stability percent
Before runs .. 24 24 33 46 57 71

* All treatments except 17 are fully deseribed in table 1. Numhber
17 was freshly broken from sod and would have been a check treat-
ment similar to 15 and 16 had the experiment been continued.



Discussion

The effects of split-plot fertilizer treatmentsF and % F
on yieldswere marked and highly significant, as expected.
The recommended level F compared with ' F increased
cabbage yields by 28 percent and yields of other vegetable
crops by amountsranging from 10 to 15 percent. The average
benefit to cost ratio for F compared with % F over a
rotation would approximate 3 to 1.

Vittum and associates (1956, 1958, and 1959) report
that at Geneva, New York, doubling the normal rates of
fertilization (2 F compared with F) for cabbage, tomatoes,
and sweet corn on a Lima silt loam (moderately
well-drained equivalent of Honeoye) had only minor effects
on yields of marketable product.

At Marcellus, extra nitrogen over base fertilization levels
increased mean yields of sweet corn, beans, and cabbage by
only about 5 percent. The effect of extraN on peas wasto
significantly decrease yields by 4 percent while the effect on
tomato yields was not significant.

Inthe Marcellus study, beneficial effects of the Flevel of
fertilization for vegetables were noted on yields of hay in
rotation, the catch and cover crops, and vine weights of
tomatoes. Presumably, similar effects could have been
found for other crop residues.

Maximum effects of main-plot treatments on 3-year
mean vegetable yields (table 4) ranged from 25 to 27
percent for sweet corn, beans, and peas and to 36 to 40
percent for tomatoes and cabbage. Despite the use of hard-
wood chips as an organic amendment under some treat-
ments, the interactions of main-plot and subplot treat-
ments were mostly not significant.

The effect on soil tests of F + N fertilizer treatments
compared with * Franged from highly significant for
pH, available phosphorous, and potassium, and significant
for organic matter to nonsignificant for total nitrogen.
The effect of main-plot treatments was highly significant
in every instance. The interactions of main-plot and subplot
treatments, except for available phosphorous, were all
nonsignificant.

The finding that, contrary to expectation, most of the
interactions between subplot and main-plot data were not
significant is considered an outstanding result of this ex-
periment. This applies to both crop yields and soil tests.
When woody materials are used as direct soil amendments,
recommended amounts of additional nitrogen range from 10 to
20 pounds per ton dry basis for woodchips to 24 to 30 for
sawdust (Allison and Anderson, 1951; Mc-Intyre, 1952; and
Lunt, 1955). For the hardwood chip treatments in this
experiment, the minimum nitrogen rec-pommended would be
70 pounds per acre. This was not supplied for any crop by 14
F treatments without supplementary N and not supplied for
any crop except toma-
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toes and cabbage by the full F level without supplemen-
tary N.

The high starting levels of soil organic matter and structure
in this experiment may account at least in part for the
generally favorable effects found for woodchips, even at
low levels of additional nitrogen. The problem was one of
maintenance and possible improvement rather than one of
rebuilding the soil structure.

The high uptake of N (average 100 pounds per acre) by
field corn on Honeoye soil with no mineral N fertilization
has already been mentioned. Bouldin and Lathwell (1968)
have stressed the importance of soil organic nitrogen on
plant growth. Limited use of hardwood chips on two other
New York soils poor in structure and with organic matter
aready nearly down to 2 percent indicated that, while
recovery of good structure and productivity might
eventually be possible on these soils, it is not a short-term
task under continued intensive cropping.’

Another reason for the generally favorable effect of
woodchips in this study may be that they were hardwood
rather than soft-wood chips. Bear and Prince (1951) com-
pared hardwood (oak) and softwood (pine) shavings as
amendmentsto 2 soils for snap bean and carrot production.
Pine shavings were considerably less effective than oak
shavings for carrots on aloam soil.

Allison (1965) reported that hardwoods decomposed
much more readily than most of the softwoods tested. He
advanced the idea that celluose may be readily attacked
when in a pure state, but if present in intimate relation to
lignin or resinous materials, it may be decomposed
slowly and only as these other wood constituents are
broken down. The differences in decomposition rates of
hardwood and softwood species were not specifically a
function of nitrogen content nor of added nitrogen. Allison
also found that garden peas grown in soil-sawdust mixtures
with adequate nutrients present showed no significant toxic
effects from woods and barks of 22 of the 28 species tested.
Five of the 6 species showing some toxicity were softwoods
— specific varieties of pines or cedars.

Hardwood species are readily available in New York
with nearly half (47%) of the land area of the state covered
with forest and with hardwoods dominant on about 84
percent of the 12 million acres of commercial forest land
(Armstrong and Bjorkbom, 1956).

Mclintyre (1952) estimated that woodchips could be
produced for about $5 per ton. He al so pointed out that the
use of woodchips for vegetable production helps to
approach the ideal of woodland management — the com-
plete and sustained use of all tree crops grown. There
would also be an immediate profit incentive for better
pruning and culling by wood-lot owners. While results

¢ Unpublished results of studies by the author and M. T. Vittum on
an eroded Collamer silt loam at Geneva, New York and W. C. Jacob
on a Bridgehampton loam at Riverhead, New Y ork.



from hardwood chips used in the Marcellus study were
impressive, it may be possible to improve the yield benefit
to cost ratio by using lower rates or less frequent application.

On Honeoye soil at Marcellus, hardwood chips ac-
counted for much of the yield increases over check and
much of the favorable effects on soil properties. An out-
standing treatment was number 3, with continuous crop-

ping to vegetables and hardwood chips applied after planting.

These chips remained at the soil surface to be plowed under
the following year. Soil nitrogen under this treatment at the
0-6-inch depth was 0.26 percent in 1966 compared with 0.23
percent under treatment 2, which had the wood chips
plowed under, and 0.17 percent under the check treatment
without wood chips. From the standpoint of soil N buildup
on fallow plots, Albrecht (1936), using red clover as a soil
amendment over a 15-year period in Missouri, found
topdressing one year and plowing under the next slightly
superior to plowing under immediately. The Missouri plots
had board curbings enclosing them to to prevent differential
erosion losses.

Treatment 14, which had 2 years of sod, plus wood
chips, plus cover crops for vegetables, was another out-
standing treatment with respect to the effect of hardwood
chips on total nitrogen present in the soil at the end of the
experiment. The mean value of 0.28 percent was higher
than the 0.23 percent of similar treatment 13 without chips.

In the Marcellus study, the simple linear correlation of
16 mean main-plot yields of cabbage in 1964 with 1966
soil nitrogen data for the 0-6-inch depth was highly sig-
nificant (r = 0.75), as was the corresponding correlation
with soil organic matter (r = 0.62). Some idea of the im-
portance of physical properties of soil on these yields as
influenced by main-plot treatments was provided by corre-
|ations of these same cabbage yields with mean soil moisture
contents and mean aggregate stabilities for 1964. The
respective simple correlation coefficients were 0.66** and
0.55*. Bulk densities were markedly affected by main-plot
treatments, but because of incomplete data could not be
used for correlations.

The beneficial effects of winter cover crop and of sod
crops in rotation on vegetable yields in this experiment
were not impressive when compared with the effect of
hardwood chips. While part of the poorer yield perform-
ance may be associated with greater competition for nu-
trients and moisture from cover crops than from
wood-chips, data on this point are not conclusive in this
experiment. Vittum and associates (1958) cite an
interesting instance where germination and growth of
ryegrass in tomatoes as influenced by supplemental
irrigation markedly affected yields. Similar effects could
well be afunction of year-to-year differencesin rainfall.

Organic matter from winter cover and sod crops and
from hardwood chips also differed in amount in this expe-
riment and could be expected to differ in lasting qualities.
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In terms of relative effects on erosion and runoff and on
nutrient losses above and below ground contributing tea
pollution, growing crops should rate higher than a
car-ried-in amendment.

Over the years 1951-1966, several systems of soil man-

Summary and Conclusions

agement for vegetable production were evaluated by
field-plot study on Honeoye silt loam at Marcellus, New
York. Soil physical condition and organic matter were at
relatively high levels at the start of this experiment.

Rainfall from May through September during the years
of this experiment ranged from 10.4 inches in 1964 to
20.6 inches in 1958, compared with the long-term mean of
15.7. Crop yields were generally satisfactory.

Vegetable crops were sweet corn, dry beans, tomatoes,
cabbage, and peas. Management systems ranged from
continuous vegetable cropping to sod-based rotations. In
cluded were treatments with and without winter cover
crops and with and without hardwood chips as a carried-
in soil amendment. Effects of both normal and low fer
tilizer rates and of supplemental nitrogen and the inter
actions of both with main-plot treatments were studied
by a split-plot design. \

1 Main-plot management systems involving cropping
segquences, cover crops, and organic amendments, had
greater effects on crop yields and on most soil chemical
and physical properties than did subplot fertilizer treat
ments.

2. Except for sweet corn yields, interactions of main-
plot and subplot treatments were generally not significant.
Thisisregarded as an important but unexpected finding.

3. The main-plot treatments that included hardwood
chips as a soil amendment were particularly beneficial in
terms of effects on crop yields, on several chemical and
physical soil properties, and on indices of soil biological
population and activity.

4. Under continuous cropping to vegetables, topdress
ing with hardwood chips after planting (the chipsto be
plowed under the following year) was an outstanding
treatment with respect to effects on yields and mainte
nance or buildup of soil nitrogen and structure.

5. The crop showing the greatest percentage of yield
benefit from main-plot treatments was cabbage, for which
the difference between highest and lowest 3-year mean
yield was 6.1 tons per acre. Next was tomatoes, with a
difference of 5.7 tons per acre, and with effects significant
for two years out of three.

6. Although amounts of nitrogen added as mineral fer-(
tilizer differed by 5- to 10-fold, with significant effects on
vegetable yields, on yields of cover and catch crops, and on



yields of crop residues and sod cropsin rotations, effects on
soil tests for organic matter and nitrogen at the end of "the
study were slight compared with effects of main-plot
treatments.

Albrecht, W. A.
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Appendix

Appendix table 1. T'otal N, P, and K applied as commercial fertilizer over 15-year period 1951-1965 for highest and lowest
split-plot treatments®

Number and system N P K
No. Cropping systemy F+N % F F+N 1 F F+N % F
Ibs/ acre
1-6 Vepetables, 15 ¥I0 ovcvvivasnannmniinansnnss 2,310 202 713 178 672 168
7-8 IOREPEEAREEE i w s non e it e a5 ke w8l 1,770 510 554 238 523 224
a9-10 Bod B, 1 W v s s monnmm s ks, 1 b b 1,520 180 739 264 797 349
11-14 Sod-boped, 2 Yok w8 s e 1,380 120 A81 264 a9y 598
15 Vegetables, 10 Y55 . ouuunrerneencensronsennss 1,540 135 475 119 448 112
16 Vegmbl-.—s, 8 . i i e, A 770 it 238 59 224 56

* On estimated basis of 4-2—4 pounds of N, P,0, and K,O per ton of dry woodchips (Allison and Anderson, 19531) additional amounts

of N, P, and K respectively applied to all subplou ol' hardwmd-chlp treatments 2, 3, 5, 6, 8, 10,

p'l‘mnds per acre over the 15-year period.
T See table 1 for complete descriptions of cropping systems.

Appendix table 2. Growing season — monthly precipitation
departures from 31-year monthly means at Marcellus

12, and 14 were 420, 92, and 340

Appendix table 3. Four-week periods ending May 2
through October 31 with precipitation = 1.40 inches*

Year May June July  August Sept.  October
inches

1951 ...... 1.0 0.8 3.0 =0.7 0.1 =1.4
1952 ...... 1.2 =19 0.6 -1.4 0.9 =0.4
1959 ... 1.6 -16 1.7 0.2 0.6 -1.7
1954 war =12 0.8 =3.0 0.4 0.8 -1.1
1955 ...... 0.4 =1.2 -1.7 1.0 -0.8 59
L1956 .uuvas 0.9 1.9 0.5 5.8 0.8 -1.4
1937 .. 0.7 0.7 1.5 -1.0 -0.4 -1.7
1958 ...... -1.2 21 1.0 0.1 28 0.6
1998 cvivia -1.7 0.4 0.2 -1.1 -1.8 4.4
1960 ...... 1.5 0.4 -1.9 1.1 0.8 0.6
1961 ...... =0.1 1.2 Q0.7 1.6 =20 0.8
1962 ...... -19 -1.6 =0.1 0.1 =05 =0.4
1963 ...... 0.2 -1.6 0.3 1.5 =14 -2.9
1964 vee 0.3 -2.1 -0.9 -0.2 -=1.B =1.6
1965 ...... -L.9 =1.5 =12 -1.1 1.6 0.2
3l-year

mean 51 32 34 3.1 29 3.1
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1951 ......None (1.54) +

1952 ......5/2, 5/9 (0.52), 6/27, 7/4, 9/5,9/12

1953 ......6/27 (1.1B), 9/12, 1024

1954 ...... 7/25 and 8/1 (0.32), 878, B/15, 8/22, 10,31

1955 .ovis 6/6 (1.16)

1956 ...... 6/20, 7/4 (1.D8), 10,24

1957 cvuen 5/9 (0.73), 1043, 10710

1958 . .vuue None (1.99)

1959 ,..... 5/9, 5/30, 9712, 9/19, 9/26 (0.58)

1960 ...... 7/18 (0.87), 10/10, 1017

196Y voinan 95, 912, 9719, 9726 (0.88)

1962 ....uus ﬁfﬁﬂhﬁé’ﬁﬁﬂ (0.50), 6/6, 7/4, 1/11, 7/18, 9/12, 9/19,

1963 vaws 7/18, 9/26, 103, 10/10, 10/17, 10/24, 10,31 (0.06)

1964 ......6/27, 7/4, T/11, /18, 9/19, 9/26 (0.46), 10/3,
1[!.:"10 iﬂ,—"l? 1'3.:'"3|

1965 ......5/30, 6/13, 8/1, B/8 (0.72), 8/15

#* Mean daily precipitation over #-week period =2 0.05 inches/
day.

+ Values in { ) are minimum 4-week precipitation.



Appendix table 4, Log of planting and harvesting dates

Crop

and year Planted Harvested*#
Sweet corn
1951 ... 5/18 (replanted 5/31) B/2 — B/17
1956 ... 5/15 (replanted 6/15) 9/4 — 9/10
1961 ... 3/18 B/15— 8/24
Beans
1952 6/10 9/26
1957 6/5 9/24
1962 6/ 5,26
Tomatoes®
1953 5/28 8/12 —10/1
1958 ... 6/4 8,28 —10/2
1963 ... 6/5 8/23 — 10/15
Cabbage*
1954 771 10/12
1959 /1 10,/29
1964 6/25 11/9
Peas
1955 ... +/20 6/29
1960 3/2 7/20
1965 5/5 7/9
Hay
1951 ... B/25 1952 — 6/24, 7/30
1953 — 6/9 , 873
1956 ... 1041 1957 — 7/29, 9/9
(additional 4/4/57) 1958 — 6/24, 8/11,
and 10/8
1961 2/1

1962 — 6,20, 9/11
1963 — 6,25, 8/12

* Individual plants replaced as needed.

of harvest or picking dates for sweet corn and
tes of hay harvests — 2 cuttings per year, (3 in 1958),

## Ro
tuma.tuc:%a

Appendix table 5. Earthworm counts per 40-foot furrow*

mufmf“: ) 1955 1959 Mean
number High Low High Low
fertilization  fertilization fertilization fertilization

L e e s e e e e e 59 4.9 3.2 2.0 14 4.0 3.6
R T L —— 25.6 1.5 10.1 6.8 5.7 28.8 15.8
A P e e 15.9 16.6 9.4 5.9 4.9 226 12.6
IR 59 6.3 3.8 2.3 2.2 6.6 4.5
O o5 T A TR 12.7 15.0 8.8 8.2 7.1 29.0 13.5
B s e R e i 12.0 16.0 8.4 4.7 56 25.2 12.0
i e . 2.4 2.2 3.7 26 1.8 5.2 5.0
R, = 5.0 6.7 96 6.3 5.7 14.6 8.0
Y SR R R - 6.2 75 33 2.2 26 10.2 53
e T T Ty m—— 16.7 16.3 9.7 8.5 6.8 16.5 12.4
 f B R 5.6 4.8 3.2 28 3.0 5.2 4.1
| 9.7 10.3 9.7 7.0 6.4 21.1 10.7
1 . [ —— R 36 3l 249 23 2.3 4.4 31
D i o s i e S e 7.5 6.8 7l 56 6.0 14.0 7.8

Means
BRI veieanisis ivsmiasi in 13.1 13.1 9.1 6.6 6.0 21.5 11.6
MNo chips ....... sssmmsrEBane 49 4.8 34 2.4 2.2 59 3.9
BERD < s e 2.7 2.7 2.7 2.8 2.7 36 3.0

* Earthworms readily visible to person walking behind plow.
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Appendix table 6, Soil moisture date 1962-1964%

Main-plot 1962 1963 1964 1

treatment — -

number 6/21 7/27 9/6 6/3 8/9 10/4 7/16 8/6 8/20 9/16  10/14

moisture — percent by volume

L gt o e e g s e L e 16 24 17 19 17 17 13 10 13 10 14 15
B s S R e R 19 26 20 19 21 21 15 12 15 12 15 18
s L pr 18 24 20 22 21 24 17 13 17 12 17 19
B R R R N e 17 26 18 20 21 21 15 11 14 11 15 17
B o i R e e R R M i B R 17 28 20 19 22 20 15 12 15 11 16 18
| JE—— 30 e A e Ay P 19 25 20 20 22 19 17 153 15 12 15 18
T R e T e e S R 17 25 23 17 18 19 15 11 14 10 14 —
R s L 18 26 25 19 19 20 16 12 15 12 14 —
- AR A B e e A 11 20 16 21 21 21 15 12 14 11 15 —
I aasasinmsm o o R e g 12 20 17 21 20 18 15 12 16 11 16 —
i, F—— O S R A, 58 11 21 15 19 17 19 16 12 14 11 15 -
12 oivn e i R e R R 12 22 15 20 16 16 16 13 15 11 15 —
. A 10 20 15 17 16 16 16 12 15 11 16 —
¥ .o s I — R 12 23 16 20 19 20 16 12 17 11 15 —
BB i s s e SRR 15 21 16 20 19 19 15 10 14 10 14 16
TG L iiiiiiateiiesnscsasnrannnnanshons 16 24 17 20 20 20 16 11 13 10 14 16

Treatment
5% LD ..... L ——— 3 3 2 NS 2 1 1 2 NS 1 NS

* Measurements by N/C model P 21 surface neutron gauge and 2800 scaler. For crops present each year, see table 1. Respective ranges
of available moisture (between 1/%3 and 15 atm.) for chip and no-chip treatments were 14 to 31 percent and 13 to 28 percent (see text).

Materials and methods ...,
Results — Vegetable crop yields ...

Modification of soil properties (chemical)

Physical Soil Properties.........occvveeeeeneisesesese e

Contents
2 Discussion
4
8 Literature
10 Appendix

Summary and conclusions



