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REGIONAL RESEARCH STATION AT CAYUGA

The clay and clay loam soils in Haldimand, Welland, Lincoln, Wentworth, 
Halton, and Peel Counties contain a high percentage of clay, and are low in 
organic matter and lime. They become hard and bake when dry, they absorb 
water slowly, and have a high power requirement for proper tillage. The clay 
subsoil restricts drainage.

In 1952 the Ontario Agricultural College through the Ontario Department of 
Agriculture leased 25 acres of Haldimand clay for experimental purposes. The 
research carried on at the station by the Departments of Soils and Agricultural 
Engineering is planned to find answers to such questions as:

What combinations of lime, nitrogen, phosphorus, and potash produce the 
best crops for the least expenditure of money?

What type of tillage, how much, and when give the best results?

How effective are crops and crop rotations in improving the clay soil?

Is irrigation to be recommended for pasture and corn?

Many clay soils become excessively hard and form wide deep cracks when 
they dry out. This is particularly true when organic material is not returned 
regularly. The crumbly nature of ploughed sod is a result of soil particles being 
smeared and separated by organic matter.

A valuable source of organic matter is farm manure. It contains important 
nutrient elements necessary for the growth of plants; it opens up clay soils to 
improve aeration and drainage.

One of the projects at the station is designed to measure the effects of 
manure on the yields of several crops. Ten tons of manure are applied on.the 
corn and 5 tons on the wheat land in a four-year rotation of corn-oats vheat -red 
clover. In addition, to the manurial treatments, chemical fertilizers are used at 
the levels shown in Table 1.

MANURE A GOOD SOURCE OF ORGANIC MATTER



A soil low, in organic matter, is difficult to plow and work down to a good seed 
bed. A crop rotation with two years of hay or pasture improves the soil structure.

TABLE 1

Nutrient Application in Pounds Per Acre Per Year to Establish 
Two Levels of Fertility

Rotation: Corn-Oats-Wheat-Red Clover

Crop

Pounds of Nutrient Aoolied Per Acre
Low Fertility High Fertilitv

N hr
t o m K2° N p2o5 ’ k9o

Corn 8 24 20 66 49 45
Oats - - - 10 30 25
Wheat 8 24 20 50 78 77

Red Clover - - - 20 20 20

2



Manure increased the yield of corn by 13 bushels, and wheat by 2 bushels, 
Table 2. Manure on the corn land accounted for an additional 7 bushels of oats. 
The higher level of fertility, without manure, improved the yield of wheat by 15 
bushels, oats by 11 bushels, and corn by 8 bushels.

TABLE 2

The Yield Responses to Manure and Levels of Fertility 
for Three Years, 1953-55.

.0 $
Rotations: Corn-Oats.-Wheat-Red Clover

Yield, bu. /ac.
Without Manure With Manure

Low 
Fertility

High 
Fertility

Low High 
Fertility

Corn 53 61 66 73
Oats 35 46 42 51

Wheat 35 50 37 51
Red Clover 1. 8 2. 2 1. 9 2, 2

The best crop yields were obtained when manure was used along with the 
high fertility treatment, as shown in Table 2. Corn showed a response to a fall 
application of manure while fall wheat responded more to the heavy application 
of chemical fertilizer. Fertilizer on the oats accounted for greater yield in
creases than manure applied on the previous crop of corn, No outstanding 
differences in the yields of red clover due to treatments were measured.

Fall wheat responds to fertilizers containing a high percentage of phosphorus. 
The plot on the left with a low fertility level yielded 3 5 bu. per ac. ; the plot on 
the right at a higher level of fertility yielded 50 bu. per ac. See Table 2.
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DEEP TILLAGE PERMITS GREATER ROOT PENETRATION

Good soil structure is found in freshly plowed sod. Organic matter and grass 
roots prevent the soil from forming large clods.
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An objective in the tillage experiment on Haldimand clay was to use im 
plements that loosened the soil to different depths. Deep tillage should encourage 
more root penetration to use the moisture and the plant food. The machines used 
and their depths of operation were:

A. mouldboard plow at 6 inches,

B. chisel plow at 8-10 inches,

C. subsoiler at 24 inches with mouldboard plow at 6 inches.

These operations were done in the fall of 1952, after which wheat was sown. 
Hay was grown in 1954 and 1955.

In addition to the differences in the depth of loosening, the chisel and mould
board plows left different surface covers. The regular plow, plus the discing to 
prepare a seedbed, mixed the crop residues throughout the plowed layer. The 
chisel plow loosened the soil deeper than the mouldboard but left the organic 
matter on the surface - a mulching operation. The subsoiled plots were plowed 
and disced so that the treatment shattered the soil to a depth of 24 inches and 
mixed the organic material throughout the plowed layer.

In evaluating the effects of tillage, crop yield is only one of the factors. 
Also of interest is the cost of the tillage operation, how long the subsoiling will 
last, the weed-control problem, moisture conservation, and the time-differences 
in beginning spring tillage.



The chisel plow treatment I resulted in the greatest loosening action in the surface 
soil and left most of the sods on the surface. All the sods were not killed and 
competed with the wheat, resulting in the lowest yield of all treatments. .

The combination of subsoiling and plowing gave the highest hay yield and a wheat 
yield comparable to the regular plowing. More plant roots were found at the 20- 
inch depth than in any other tillage treatment No estimate of the durability of 
subsoiling can be made as yet.
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PASTURES KEPT GREEN WITH IRRIGATION

The dry summer of 1955 provided an opportunity to evaluate pasture 
irrigation. The pasture was a two-year old mixture of orchard grass and 
Ladino clover. Five clippings, each a month apart, were made and from 
these yields the production of dry matter was calculated. Superphosphate was 
the only fertilizer added in 1955.

When necessary the plots were irrigated soon after a clipping and received 
a maximum of two inches at a setting. If required, another application was made 
in two weeks. In limiting the irrigation to two applications per clip, the 
objective was to reduce the time, under pasturing conditions, that cattle would 
be kept off the wet soil.

Water and an adequate fertility level produce high yields of pasture with a 
desirable ratio of orchard grass to Ladino Clover.

The dates of clipping, the pounds of dry matter for each clipping for 
irrigated and non-irrigated plots, and the amounts of water supplied by rain 
and irrigations are found in Table 3.
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♦Average yield from all non-irrigated plots.
♦♦Rainfall from mid-April to day of clipping.

♦♦♦Nearly half of this rain came two days before clipping.

Month
Clipped

Pounds of Dry Matter/Ac. Inches of Water
Non-irrigated Irrigated By Rainfall By Irrigation Total

May 1500* 1500* 3. 5** 0 3. 5
June 880 1650 1. 4 2. 5 3. 9

July 0 830 0.2 3. 7 3. 9
Aug 90 1380 5. 0*** 2. 6 7. 6

Se pt. 500 960 1.8 0 1. 8
Total 2970 6320 11.9 8. 8 20. 7

The data in Table 3 indicate, that:

1. The application of 8. 8 inches of water increased the production of dry 
matter by 3350 pounds.

2, The low yields in July are attributed to a moisture deficiency even on 
the irrigated plots.

3. The pasture had not recovered sufficiently from the drought to utilize 
the 5 inches of rain at the end of August.

4. During the hottest part of the summer the pasture required nearly a 
fifth of an inch of water per day.

One of the purposes in irrigating pastures is to keep the plants growing 
during droughts and insure a uniform distribution of pasture over the grazing 
season. The ideal distribution for five clippings would be 20 per cent of the 
total yield at each clipping.

TABLE 4
The Percentage of the Total Yield Removed at Each of Five Clippings

May Junfe July August September

Non-irrigated 48 31 0 3 18

Irrigated 29 24 13 20 14

The poor yield-distribution from the irrigated plots during July and 
September may be attributed to insufficient water.
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TABLE 3

Yields of Dry Matter for Irrigated and Non-irrigated Treatments 
and the Inches of Water Applied by Rainfall and Irrigation



When water and fertility become limiting the Ladino Clover disappears and the 
yield of dry matter is low, see Table 3.

PHOSPHORUS IS AN IMPORTANT FERTILITY REQUIREMENT

The total amount of phosphorus in Ontario soils is low. If the plant root 
is not in the vicinity to absorb the phosphorus as it is released from the soil 
or from the fertilizer, the phosphorus is immediately fixed again. Fixed 
phosphorus becomes available too slowly for high yields of crops. The regular 
use of phosphorus fertilizer placed with or near the seed is most effective on 
the Haldimand clay. Soluble phosphorus is required near the young seedlings to 
prcmote root development.

The starter effect of phosphorus near the seed is shown in Table 5.

 TABLE 5

The Yield of Wheat as Affected by Starter and Broadcast 
Applications of Phosphorus Fertilizers (1954)
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Wheat, bu./ac.

No added phosphorus 43



TABLE 5 (coni' d)

Wheat, bu. /ac.

Starter application, 20 lb. P2O5 with seed

Broadcast application, 200 lb. P2O5 

Starter plus superphosphate, 200 lb P2O5 

Starter plus African rock

50

49

63

55

Starter plus Florida rock 48

1, Broadcast treatment was most effective when a starter treatment was 
used to stimulate root development.

2. For broadcast treatment with a starter, superphosphate was better 
than African which in turn was preferred to the Florida rock.

Some of the visitors on Soils Day 1955 examining a plot of wheat where the effects 
of different sources of phosphorus are being studied. See Table 5.

On a rotational corn-oats-red clover-wheat bn Haldimand clay, the use 
of phosphate fertilizer has given marked increases in yields. Yearly applications 
of 20 pounds of P2O5  (100 pounds of 20% superphosphate) per acre drilled with
the seed gave increases of 5 bushels of corn, 4 bushels of oats and 5 bushels of 
wheat. One application of 200 pounds of P2O5  (1000 pounds of 20% superphosphate) 
per acre broadcast and regular applications of 20 pounds of P2O5  drilled with the 
seed gave increases of 11 bushels of corn, and 10 bushels of oats, and 9 bushels 
of wheat per acre, Table 6.
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Rotation Corn-Oats.-Red Clover-Wheat

Crop Yield bu. /ac.

No Added 
Phosphorus

20 lb. P2O5/ac. 
with the seed 
every year

20 lb. P2O5/ac. 
with the seed plus 
200 lb. P2O5/ac. 
applied at beginning 
of the experiment.

Corn (2 year average) 65 70 76

Oats (3 year average) 44 48 54
Wheat (3 year average 34 39 43

On the Haldimand clay therefore:

(1) regular use of phosphorus fertilizer is essential for good yields of 
crops.

(2) superphosphate should be applied with or near the seed at planting time 
as a starter fertilizer.

(3) for broadcast treatment superphosphate or African rock phosphate may 
be used.

Many of the soils of the Niagara peninsula are acid. The use of lime is 
recommended to correct the acidity or acid soil reaction. Liming acid soils in
creases the microbial activity, favours the release of nitrogen and other plant 
nutrients from the organic matter. Legumes favour neutral or alkaline soils for 
best growth. In addition, microorganisms working with legume roots fix more 
nitrogen from the air. This indirectly improves yields of other crops following 
legumes.

There are two kinds of limestone, calcitic which contains calcium, and 
dolomitic, which contain calcium and magnesium. Both forms of lime were 
applied to plots on the station in 1952. By 1955 the soil reaction on the treated 
plots had risen from pH 5. 7 to 6. 5 with 4 tons of calcitic limestone and to 6. 3 
with 4 tons of dolomitic limestone per acre. A soil pH of 6. 8 to 7. 0 is recom 
mended for most farm crops.
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LIMING INCREASED YIELDS OF LEGUMES; CHOICE OF LIMESTONE

DEPENDS ON RELATIVE COSTS

TABLE 6

Yield Response of Corn, Oats, and Wheat to Superphosphate 
Fertilizer on Haldimand Clay



The hay yields in 1955 and cost of limestone for the different lime treatments in 
1952 are shown in Table 7.

TABLE 7

The Effect of Different Kinds of Limestone at Various Rates 
on Soil Reaction and Yield of Hay

*Dry matter at 3 per cent moisture; for field-cure hay at 15 per cent moisture, 
multiply the above yields by 1.14.

* *A verage fertilizer treatment: 2 9. 5 pounds of N, . 2 7 pounds of PgO^, 5 Pounds 
of K2O per acre over three-year period.

* *High fertilizer treatment: 41. 5 pounds of N, 99 pounds of P^O ’ $ Pounds
of K„O per acre over three-year period. $

* **Dolomitic limestone in bulk @$ 1. 50 per ton f. o. b.
Calcitic limestone (Grade A) in bulk @ $ 3. 80 per ton f. o. b. Calcitic lime

stone (Grade C) comparable to the dolomitic stone is available in bulk at $ 1. 50 
per ton, f. o. b.

As the soil reaction was raised by liming, the yield of hay also increased' 
from 1. 3 tons of dry matter per acre up to 2. 1 tons per acre. Along with 
average fertility, the four-ton application of lime, either calcitic or dolomitic, 
increased yields from 1. 3 tons to 1. 8 tons per acre. The high fertilizer 
treatment without lime increased the yields to 1. 7 tons per acre. The lime and 
fertilizer treatments were about equally effective but the lime treatment with 
average fertility was considerably less costly.

Grade A calcitic stone is much finer than the dolomitic product used. 
Tests for soil reaction over a three year period indicate that the finer limestone 
acts more quickly in the first year of application. However as time goes on the 
coarser dolomitic stone tends to catch up with the grade A product as evidenced 
by pH values and yields three years after application.
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Limestone supplied in 1952, tons/ac.
No

Lime
Dolomitic 

2 4 8

Calcitic Grade A

2 4 8
Soil reaction (pH) 
fall 1955

5. 9 6.3 6.3 6.3 6.2 6.5 6,8

Yields of dry matter, * 
tons/ac.

Average fertility** 1.3 1.8 1.8 2.1 1.5 1.9 2.1

High fertility** 1. 7 1.9 2.4 2.2 2.2 2.1 2.0

Cost of lime f, o. b. *** 0 $ 3.00 $ 6.00 $ 12.00 $ 7. 60 $ 15. 20 $ 30. 40



The choice of limestone should be based on the cost of the material spread 
on the field, provided, that the limestone is within the Ontario specifications in 
regard to neutralizing value and particle size. Very fine grades, such as Grade 
A calcitic limestone, can be used where a safe fast action is desired. These 
high grade limestones are considerably more expensive and there use may be 
limited to higher value cash crops.
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