TILLAGE TESTS: II, THE BENEFICIAL EFFECT OF SUBSOIL
FERTILIZATION ON SUGARCANE YIELDS

M. B. Martinez and M. A. Lugo-Lépez!

INTRODUCTION

The influence of deep tillage in loosening tight subsoil layers is generally
considered desirable because physical conditions suitable for root de-
velopment, such as rapid riddance of excess water and adequate aeration,
are thus promoted. The available literature concerning this subject em-
bodies rather wide discrepancies concerning the effect of deep tillage upon
crop yields, but it is generally accepted that with improved drainage
and aeration, crop plants develop more extensive and deeper root systems.
Consequently, plant roots can exploit a larger volume of soil in their
search for moisture and nutrients. Soils with fertile or moderately fertile
subsoil layers may release mineral nutrients helpful for crop development.
However, subsoils are generally infertile and plant nutrients must be
supplied at lower depths if a favorable fertility level is to be maintained
for plant growth.

Subsoiling has been a regular practice in some Puerto Rican cane fields,
particularly in the southern irrigated plantations; but there is no experi-
mental evidence to indicate its beneficial effect on soil tilth or crop yields.
Subsoil fertilization and liming are virtually unused by our sugarcane
growers. A regular practice on our plantations is to apply the fertilizer to
the soil next to the base of the sugarcane seedling in plant cane, and to the
clump in ratoon cane.

This paper reports the effects of subsoiling and subsoil fertilization on
sugarcane yields. The results may help to clarify some of the concepts in-
volved and to correct the apparent discrepancies found in the literature.

REVIEW OF LITERATURE

Smith, et al. found that subsurface tillage produced more beneficial
effects on soil condition when the subsoil was shattered while semidry
(22)%, so that the large soil masses were effectively broken up and more
favorable physical characteristics were obtained. The breaking of plow-
pans and loosening of tight subsoil layers have proven beneficial to crops in
some of the older agricultural areas (2, 5, 8, 12, 15, 18, 19, 20). However,

1 Research Assistant in Agricultural Engineering and Associate Soil Scientist,
respectively, Agricultural Experiment Station, University of Puerto Rico, Rio
Piedras, P. R.

2 Numbers in parentheses refer to Literature Cited, pp. 42-3.

35




36 JOURNAL OF AGRICULTURE OF UNIVERSITY OF PUERTO RICO

in some cases no effects on yield were reported from deep tillage in various
areas of the Great Plains and Middle West in continental United States
(11, 13, 23; 3, 21). Martinez and Lugo-Ldpez observed highly significant
differences in the minimum infiltration capacity of heavy soils where sub-
soils were broken, as compared with check plots tilled as is customary on
the plow layer only (10).

Wolters observed the beneficial effects of hook subsoiling in Hawaii on
older ratoon crops (25) and Borden held that heavy stooling and shoot
growth occurred primarily because the fertilizer got well down into the
lower layers of the soil (1). In the same article, Borden reported data from
Mitscherlich’s pot tests using Sudan grass and comparing differences in
yields between surface soils and subsoils at various fertility levels. He
concluded that good aeration by itself was insufficient to make subsoils
produce satisfactory yields. But, when the fertility level of the subsoil was
raised to that of the surface soil, the yields obtained from each were not
significantly different. Woodruff and Smith obtained very significant
results in their experiments with sweetclover in one Missouri soil when
subsoil liming accompanied the tillage operation; a more extensive and
deeper root system was developed (26).

In view of the above it is important to emphasize the fact that, since
there are soils where roots fail to develop well below the surface layer be-
cause of restricted aeration, and since there are also soils where roots fail
to develop even under favorable aeration and internal drainage, the lack
of available nutrients in the subsoil is probably a limiting factor for root
extension and crop growth and production. In a previous paper a more
detailed discussion of the theoretical considerations involved was pre-
sented (9).

EXPERIMENTAL PROCEDURE

About 10 acres of land were selected at Colonia Preston, a large sugar
estate owned by the Eastern Sugar Associates in east-central Puerto Rico.
Various pits were dug at different parts of the field to study the morpho-
logical characteristics of the soil. In addition, soil cores for laboratory
analyses were taken with a Kelley (Utah) soil-sampling machine (6).

The pH was determined electrometrically by using a Macheth pH meter
with a glass electrode. Total nitrogen was determined by the standard
Kjeldahl method and the organic matter by the simple colorimetric Schol-
lenberger technique. Total exchange capacity and exchangeable bases were
determined as suggested by Peech (14).

The soil, previously mapped as Via silty clay, appeared upon field

“examination more nearly to approach a Caguas silt loam (17). The plow
layer was a light grayish-brown silt loam with a weak fine granular struc-
ture and contained many small dark concretions with a mean diameter of
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one-eighth of an inch. It was underlain by a 9-inch, highly mottled transi-
tion layer with a well-developed fragmental blocky structure. Beyond the
16-inch depth the soil was highly mottled with gray shades predominating,
and was mostly a tight plastic clay which looked like putty and had a
fragmental-blocky structure, coarser than the layer above.

A triple-lattice design was used for the experimental lay-out (4). The
plots were rather large, 200 feet long by 20 feet wide, to provide ample
space for the heavy machinery used. Land preparation began on October 11,
1950, when the sod was disked twice, and was followed by plowing and
harrowing three times to a depth of about 12 inches. Furrows were made
5 feet apart, to accommodate four rows of cane in each plot. The field

TasrLe 1.—Treatment differentials established on the experimental field on a heavy
claypan sotl in east-central Puerto Rico, showing other treatments occurring in the
same group according to design used

Treatment No. Description Ottliﬁr sg;??jﬂf; in
1 Check 2,3,4,5,7,9
2 Subsoiling 1,8,5,6,7,8
3 Subsoiling + fertilizer on subsoil 1,2,4,6,8,9
4 Subsoiling + lime on subsoil 1,3,5,6,7,8
5 Subsoiling + fertilizer and lime on subsoil 1,2,4,6,8,9
6 Subsoiling and mole drainage 2,3,4,5,7,9
7 Subsoiling and mole drainage -+ fertilizer on

subsoil 1,2,4,6,8,9
8 Subsoiling and mole drainage + lime on sub-

soil 2,3,4,5,7,9
9 Subsoiling and mole drainage + lime and ferti-

lizer on subsoil 1,8;5;6;,7,8

1 Refer to table 3 for the grouping system.

was then ready for establishing the treatment differentials and planting,
but these operations were deferred to a later date because of the unusually
heavy rains during the latter part of November and early December.
About the middle of January, after a few days of sunlight and no rain, a
fourth disking was made to eliminate weed growth, and the furrows were
opened again. Surface drainage was provided by open ditches placed at
right angles to the furrows every 25 feet. These cross ditches led to larger
ones which carried the water out of the field.

The treatment differentials were established during the period from
January 17 to 24, 1951, as described in table 1. In this table also are shown
the other treatments which occurred in same group with each respective
treatment.

For these treatments an International TD-9 diesel crawler tractor,
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wide-thread model (60-inch width center to center of tracks), with 16-
inch track shoes; a heavy-duty equalizer spring; and extended tracks and
track frames, was used. A hydraulic system consisting of pump, valve,
tank, and hoses, to operate an International-Universal tool-bar (basic) was
directly connected to the tractor. The tool-bar floated and was hinged for
horizontal movement. On this bar was mounted a heavy-duty standard
with a subsoil point and a removable mole attached. A fertilizer attach-
ment for subsoil was mounted so as to be motivated by thetractor’s power
take-off which stopped automatically when the tool-bar was in the raised
position for turning and transporting the tractor, and started automatically
when the tool-bar was lowered. The standard was so graduated that the
subsoil point would penetrate 30 inches.

In treatments 3, 5, 7, and 9, a 13-3-12 fertilizer was applied to the sub-
soil at the rate of 1,000 pounds to the acre. In treatments 4, 5, 8, and 9, an
application of limestone at the rate of 1,000 pounds to the acre was made
at the subsoil break-point, as lime-requirement tests indicated (16). Each
treatment was replicated nine times. Cane variety P.O.J. 2878, standard
for the region, was planted in the period from February 7 to 21. Each
plot had four rows of cane 5 feet apart. Two applications of fertilizer 13-3-
12 were made later to a total of 2,000 pounds to the acre. The first and
second surface applications of fertilizer were at only half the rate for plots
fertilized at the subsoil as for those that had not previously received this
subsoil treatment. Other agronomic practices were conducted as was cus-
tomary for the region.

The plant crop was harvested during the period from April 21 to 26,
1952. The cane of each plot was weighed in the field and samples of 20
canes each were taken at random from each plot. They were milled at the
Station and the juice samples analyzed for Brix and polarization. The
yield of available 96° sugar percent cane was calculated from that data
and the weight of the sample and the juice obtained.

RESULTS AND DISCUSSION

The results of the statistical study of the data on sugar yields of the
plant crop are presented in tables 2 and 3. Table 2 shows the analysis of
the total sum of squared deviations of the data. The values for B and E
are 144.20 and 49.24, respectively. These values are further used in cor-
recting the mean yields obtained. Table 3 gives the corrected mean sugar
yields for each tillage treatment. The form of presentation facilitates
comparison between treatments to detect their significance.

The mean sugar yield of the check plots was 91.5 hundredweights to the
acre. The mean sugar yield of all plots, including checks, (treatments 1, 2,
4,6, and 8) which received all the fertilizer on top of the soil, as is customary
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in sugarcane fields, was only 92.4, whether sufficient lime was added:to
satisfy the lime requirement of the subsoil or not. A mean sugar yield of
106.8 hundredweights to the acre was obtained from all plots (treatments
3, 5,7, and 9) where half of the fertilizer was applied at the subsoil break-

TABLE 2.—Analysis of total sum of squared deviations of sugar yield data obtained from
tellage experimental field in east-central Puerto Rico

Source of variation Dfrge?;:!gf Sum of squares Mean square
Replications............ooovviiii... 8 5,711.29
Component @............ccovunvo... 12 1,730.44 144.20 = B
Component b..........coovvvinion.. 6 111.43
Blocks (eliminating treatments)...... 18 1,841.87
Treatments (eliminating blocks)...... 8 4,283.30 |
Error (intrablocks)................... 46 2,265.06 | 49.24 = E
80 14,101.52

TasLe 3.—Corrected mean sugar yields for each treatment in tillage experimental field
in east-central Puerto Rico!

Treatment 1 (a) 2 (b) 3 (¢)
Cwts. of sugar per acre 91.5 91.0 104.7
Treatment 4 (c) 5 (a) 6 (b)
Cwts. of sugar per acre 95.4 104.9 91.5
Treatment 7 (b) 8 (¢) 9 (a)
Cwts. of sugar per acre 108.3 94.4 109.1

1 Lower-case letters in parenthesis refer to Z grouping in the statistical analyses*
For other treatments within the same group see table 1.

L.S.D. for treatments within the same group:

at the 5-percent level 7.26
at the 1-percent level 9.70
L.S.D. for treatments not within the same group:
at the 5-percent level i
at the 1-percent level 10.76

point and half on the surface soil, whether lime was applied at the sub-
soil or not. The mean sugar yield of all plots receiving fertilizer in the
subsoil was significantly higher than that from the plots where all the fer-
tilizer was applied to the topsoil.

As previously pointed out, the common practice in sugarcane fields is to
place the fertilizer on top of the soil surface. This practice probably en-
courages the development of rather shallow root systems. Yields depend
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upon the volume of soil, as well as upon that portion of its nutrient con-
tent that crop plants can exploit. It is a common belief that the sugarcane
plants are shallow-rooted. Lee, in his studies on the root distribution of
sugarcane in Hawaii observed that more than 90 percent of the roots were
found in the topmost 16 inches of soil (7).

Veihmeyer and Hendrickson have shown that one of the controlling
factors in root penetration is soil density (24). There is a distinct possibility
that a deeper root system can be developed by cane plants in compact
soils if both the physical and chemical properties of the subsoils are im-

TaBLE 4.—Mean pH, organic maltter, nitrogen, total exchange capacity, and
exchangeable bases of soil where tillage experiment is located

Values at soil depths of—
Factor
07" 7-16” 16-26" 26"

joll = [FARCTRTE S T T oMt 6.6 4.9 5.0
Organic matter (percent)....... 1.0 @ (1) 1)
Nitrogen (percent).. .15 .02 .02 1)
Total exchange cqpaclt\ (m e. /

100 gm. dry soil)............. 9.5 10.0 11.4 12.5
Total bases (m.e./100 gm. dry

SOIDN e sl Bogsizome w 500w il o i 8.3 7.8 5.4 4.3
Calcium (m.e./100 gm. dry

B0 i T B, i S s 7.6 7.3 4.5 2.5
Magnesium (m.e./100 gm. dry

BOILYE oo o 50050 0 5 o Bt s o .6 .5 .8 1.6
Manganese (m.e./100 gm. dry

705 L) T SR, WS ——— .005 .01 .05 .06
POTHSBINI 5 1 sovrsr s e 5w a5 5 s o % (1) 1) (1) (1)

1 Trace.

proved. Furthermore, in soils with subsoils in favorable physical condition,
the addition of plant nutrients will also promote better root development.
If the conditions that influence root extension are favorable both from the
standpoint of tilth and nutrient availability, better crop yields are likely
to be obtained.

Table 4 shows the fertility status of the soil where the experiment was
carried out. This soil was slightly acid at the surface and acid in the sub-
soil, and rather low in fertility. It was not well supplied with organic mat-
ter, nitrogen, potassium, and calcium. Except for the exchangeable cal-
cium, which decreased from 7.6 m.e. in the surface soil to 2.5 m.e. in the
lower layer, there were no important differences in the fertility status of
surface soil and subsoil. The total exchange capacity was moderate through-
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out the profile. It is of importance to fertilize this soil adequately if profit-
able crop yields are to be obtained.

In the area where this experiment was carried on, as well as in Puerto
Rico as a whole, sugarcane is generally fertilized quite heavily. The mean
yields of sugar obtained from the plant crop herein reported emphasize
the necessity for adequately fertilizing both soils and subsoils. A mean
significant difference of more than 14 hundredweights of sugar was ob-
tained when the fertilizer application was split equally between soil and
subsoil. This is an increase of 16 percent on a basis of the yields of the
plots where all the fertilizer was applied on the surface. There were no sig-
nificant differences between the mean sucrose contents of the cane harvested
from plots where the fertilizer was placed at the top and those where it
was split equally between soil and subsoil.

The differences in sugar yields were attributable to increased cane
tonnage produced by subsoil fertilization. At current prices in the world
market 14 hundredweights of sugar have a value of approximately $85.
Since nearly two-thirds of this value goes to the grower, after deducting
milling expenses, a gross income of $56 can be obtained. Even when due
allowance is made for the increased power and labor that subsoil fertiliza-
tion demands, and the increased harvesting and hauling costs involved for
the extra tonnage, the sugarcane grower will obtain a larger net profit when
fertilizing the subsoil and the topsoil both than when fertilizing only the
latter.

The residual effect of the original subsoil fertilization remains to be de-
termined in succeeding ratoon crops. It might prove advantageous to fer-
tilize the subsoil yearly. Additional information is needed from other soil
areas. Meanwhile the result available provide a rather important reference
point as to what to expect from subsoiling and subsoil fertilization in sugar-
cane-producing areas.

SUMMARY

Data are presented here on sugar yields obtained from a heavy claypan
soil under different tillage treatments. The mean sugar yield of all plots,
including checks, which were fertilized only on the topsoil, was 92.4 hun-
dredweights to the acre, whether sufficient lime was added to satisfy the
lime requirement of the subsoil or not. The mean sugar yield of all plots
which received half of the fertilizer in the subsoil and half in the surface
soil was 106.8 hundredweights to the acre, whether lime was present or
absent in the subsoil. The mean differences were significant. It seems that
when the conditions that influence root extension are favorable both from
the standpoint of tilth and nutrient availability, better crop yields are
likely to be obtained, and fertilization of the subsoil fosters such condition.
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RESUMEN

Se presentan aqui datos sobre la produccién de azticar en un suelo pesado
con un “claypan” sometido a varios tratamientos durante las operaciones
de preparacién del terreno y cultivo. La produccién media de azdcar en
las parcelas, incluyendo los testigos, donde todo el abono se aplicé en la
superficie del suelo, como se acostumbra corrientemente en el cultivo de
cafia, fué de 92.4 quintales por acre; lo mismo en presencia que en ausencia
de cal en el subsuelo. La produccién media de las parcelas, donde la mitad
del abono se aplicé en el subsuelo y la otra mitad en la superficie, fué de
106.8 quintales por acre, tanto en ausencia como en presencia de cal.
Las diferencias medias son significativas. Es de esperarse, que cuando las
condiciones que afectan el desarrollo de las raices sean favorables, tanto
desde el punto de vista de las propiedades fisicas, como de las propiedades
quimicas del suelo, se obtengan mejores rendimientos.
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