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SUMMARY

The author hopes that readers of this circular will find infor-
mation of value in the operation of their respective tillable farm
lands for the production of all field crops. In the experiment here
reported, beans were grown because this crop appeared to be a
profitable one for the type of land used in the experiment.

During the 21 years checked in the experiment the growing of
crops under normal conditiot sthat is, relying on rainfall for
moisture and reseeding the crop year after year on the same soil
has been shown to be unprofitable. With rotation of crops the
yields per acre increased. A further increase was noted when
rotation was aided by applications of barnyard manure.

The use of irrigation under the continuous-cropping method
was not much more profitable than continuous cropping without
irrigation. The substantial gains throughout the period of the
experiment were made with rotated crops under irrigation, and
especially with rotated crops under irrigation with added applica-
tions of manure.

Not only did the yield increase under the latter method, but
the water requirement of the soil was almost 50 per cent less than
for continuous cropping without irrigation.

The experiment showed that it is far more profitable to keep
the soil productive than to restore fertility, as rebuilding exhausted
land is a long-time and costly process.
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Apermanent system of agriculture has been found to he the most profit-
able mcans of realizing the highest productive value of the land. Such

a Permanent system calls for developing and maintaining the produc-
tive powers of the oiI. In this end, crop rotation and use of barnyard
manure and farm refuse, producing larger yields and reducing the unit cost
of production, have brett shown to he effective. Such a program is not only
important under present economic conditions, but is advisable for farm
operations at any time.

An experiment was started by the author twenty-two years ago to
determine the value of crop rotation and barnyard manure for improving
the efficiency of irrigation water and increasing net returns.

This circular has for its purpose the presentation of the striking differ-
ences found during the experiment affecting yield, composition of the soil,
irrigation efficiency, anti net profit recorded (luring a 21-year period.

Organization of experiment. Twelve one-tenth-acre plots of Amity
silty clay loam were cropped in a three-year rotation of barley, alsike
clover, and navy beans so that four-tenths of an acre of each crop was
grown in one block each year. The west half of each block was irrigated.
The south half received eight tons of barnyard manure every three years.
Two additional plots at the end of the series were included for contin-
uously growing beans. One of these was irrigated, making seven plots
that received irrigation. In another series seven plots were cropped by
rainfall farming.

Yields per acre without irrigation Yields per acre with ierigati,,1l

Rotation
R,,tati,,n

and man ice (:o,itinti,,us Ilz,tatio,,
Rotation

and Itlanure

Bushcls Bi,sJ,cls Bml,cIs Bushels
.48 13,70 8.92 15.58 17.34

14.70 14.75 11.43 13.15 16.98
7.78 9.45 8.48 10.16 13.07

10.09 12.32 5.06 16.48 20.17
11.14 18.97 6.10 23.26 31.82

7.55 10.97 5.77 12.09 15,37
5.28 5,33 2.33 9.95 12.94

9.71 12.64 8.43 15.10 18.24

3

I'eriod Continuous

Bushels
1914-1916... 12.70
191 '-1919W., 10.68
1920-1922----- 4.58
1923-1925.,... 5,06
1926-1928----- 6.09
1929- 193 4.50
1932-1934.. 1.72

Average
1914-1934. 6.47



Figure 1. Beans, continuous cropping, 22d crop. The 21-year average yield was 8.42
bushels per acre; net profit $2.64 per acre.

Figure 2. Beans, rotation, irrigation, and manure cropping plan, 22d crop. The 21-year
average yield was 18.24 bushels per acre; average net profit $30.31 per acre.
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Continuous cropping costly. The average bean yields during the three-
year rotation periods throughout the experiment are shown in Table 1. In
the three-year period at the start of the 2l-year experiment the series of
non-irrigated plots produced an average yield per acre of approximately 12
bushels. In the final three-year period of the experiment checked for this
circular, 1932 through 1934, the average yield per acre on this area, cropped
continuously and dry farmed, was 1.72 bushels.

On the dry-farmed plots throughout the experiment the average yield
per acre for rotation alone was 9.71 bushels; for rotation with barnyard
manure, 12.64 bushels.

Supplemental irrigation with continuous cropping produced an average
yield per acre for the 21-year period of 8.43 bushels Supplemental irriga-
tion with crop rotation stepped up the average yield per acre to 15.10
bushels. Barnyard manure added to crop rotation and irrigation still fur-
ther increased the average yield per acre to 18.24 bushels.

Table 2. VALUE OF IRRIGATION, ROTATION, AND MANURE
Soils Department
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Manure increases yield. The grain and clover yields, for the records
available, are shown in Table 2. Winter barley was commonly grown
without irrigation. The new seeding of clover, however, received irrigation
after the grain harvest. 'I'he increase in grain yield in the irrigated series
is due largely to greater crop residues from the irrigation of crops in the
rotation. Applications of manure once in three years for the dry series
resulted in an average increase iii yield of 4.06 bushels per acre.

By manuring, the average clover yield on the unirrigated series was
increased from 2.39 to 2.74 tons per acre; on the irrigated series, from 3.74
to 4 tons per acre, a gain of 0.35 and 0.26 tons respectively. Usually two
irrigations were applied to the clover; the total depth a season averaged
approximately ten inches. The data for these crops ai'e less complete than
for the beans as continuously cropped plots were not included, When
clover failed, vetch was substituted. In two cases, owing to winter-killing,
reseeding with spring grain was necessary.

Irrigation with manure pays. Table 3, presenting the data on net
profits and water efficiency, shows that growing beans continuously on the
same land was unprofitable. The average loss per acre as computed was 59
cents. From tile Use of rotation, barnyard manure, and supplemental irriga-

1917-1919.... 39.30 49.10 2.09 2.75 4.85 4.13
1920-1922... 34.15 42.57 35.72 42.22 2.29 2.911 3.38 4.76
1923-1925.... 60.58 53.97 51.29 6200 2.41 2.86 2.75 3.24
1926-1928.. 34.01 40.17 39.72 42.32 1.83 2.35 3.88 4.41
1929-1931... 52.91 66.14 60.51 71,29 3.14 2.90 4.10 3.86
1932-19 34... 32.60 31.70 36.60 36.97 2.58 2.70 3.42 3.59

Average 42.85 46.91 43.87 50.95 2.39 2.74 3.74 4.00

Dry Irrigated Dry Irrgateil
Ilota-
tiOn

Rota-
tion

Rota-
tion

Rota-
tion

Rota- and Rota- and Rota- and Rota- and
Period tion manure tion manure tion manure 0011 manure

Be. Be. Be. Be. Tons Jogs Tons Tons

Grain yields Alsike clover yields
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Table 3. RELATION OF SOIL BUILDING TO ECONOMIC IRRIGATION ts SHOWN BY 21-YEAh

AVERAGES FOR WHITE BEANS
Soils Department
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tion, however, a maximum net profit of $30.31 was realized. The yearly
gain resulting from this method of cropping was $30.90. The 21-year aver-
age yields and increases per acre as shown in the table were used in arriv-
ing at the conclusions concerning the most profitable manner uf producing
field crops.

A three-inch irrigation was applied when the beans were coming intO
lull bloom. For the total annual cost of this application of water a maxi-
mum figure of $1 per acre inch was used. In computing the average net
profit or loss per acre the cost of production under rainfall farming was
figured at $20 per acre, and a charge of 12 cents a bushel was made for har-
vesting the increase. The prevailing price of 5 cents per pound or $3 per
bushel was used in determining the average crop value.

,f/ha Of .fo/Bw/ey ) Icoeo'rnc !rrigezE.ie
Oregon 4grio. /3c/er/nerI cf/a.

,cr h4,,/e BeO4J' -
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Ba
Or.

I 'aqIirnIow
/r,taIie,71imite

lrrij 1 ,Yatatlon
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C0/in
i'Vr { 4i

&,,f I Cae6.t'ueusIrrif i,Jqtioa
I /l'etat,in im
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1205
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Figure 3. irrigation with manure is profitable.

I

Treatment

Depth of
water

applied

Yield
per

acre

Gain
per
acre

Net
profit
per
acre

Gain by
irrigation,

manure and
rotation

Gains
per
acre
inch

I'otinds of
water per
pound of
dry matter

inches Bu. Bu. Pounds
Beans, dry

Continuous ---------------- . 6.47 $0.59 3,003
Rotation .. 9.71 $ 3.24 8.74 $ 9.33 2,542
Rotation and manure ... 12.64 6.17 17.18 17.77 2,367

Beans, irrigated
Continuous 3.0 8.43 1.96 2.05 2.64 $0.68 3,496
Rotation 3.0 15.10 8.63 21.26 21.85 709 2,550
Rotation and nianure 3.0 18.24 11.77 30.31 30.90 10.10 1,949

8.3

7 2
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The profit per acre-inch of water, a° shown in column 7 of Table 3, was
as follows: with continuous bean cropping, 68 cents; with rotation, 7.09;
with rotation and iliarture, $10.10. These results are show n d'agraminatic-
ally iii Figure 3.

The twenty-second crop 1105 n on tlicse plots in 1935 yielded as Fol-
lows: dry, continuous, 3.17 hush ci s per acrc ; ii rv, rot Cad, 7.67 hu.hiel s
dry, rotated and manured, 7.83 bushels; irrigated, continuous, 200 bushels;
irrigated, rotated, 13,30 bushels; ri i gatcd, oi aD ci and manured, 17.17
bus hcls.

Water requirement cut in two. Tb a water ri quirenient per pound of
dry matter as shown in the last column tI Table 3 has been obtained by
determining the soil inoi sture wli en I lie crop appeared tli rough the g 100110
and again at the time of bars esting. The loss in soil mo'otti re tlsiio deter-
mmccl added to thc rainfall and irriralion ii as been reduced to pounds iii
determining the am oun t of water coil sumecl per pound of dry 01 atter. TIme
water requirement was found to be lii gil (st under the continuous cropping
plan and almost cut in I alf for th a rotation and nlallure method.

Soil fertility improved. A chemical study w ,s wade of the tral plots
after the 20 years of experiocntation. Amity silty cIsc loani is a mature
soil developed undr a snbhiuinid climate ss tb rather dcv suiiiiiiers and an
average annual precipitation of 40 inches, 'the soil is moderately acid,
having a lime requirement 01 approximately It tons pc-c acre and reaction
value of pH 5.5, whereas neutrality or tl c reaction of pure water is pH 7.0.

Organic matter, total nitrogen, and ijas:' exchange capacity were
determined by current a pproved chemical ineihotls.° Blanks run on iii is
acid type indicate (bitt inorganic carbons tes were micgleihle .Suhsiiiis
showed small differences in organic matter or plant nut ricntc in nearly
available form.

Table 4. VALUE OF ROTATION, MSNURF, 551) T1iIft,AT U NI Inc MAINTAININO FF5-rn ii N 01' SOILS
Bean rotation, illi itiUll LI eld, Oi eg in Agrirtilt nil Expet 115 mt .9 ta ins

Citiilt)r, Olegots

Results presented in Tab' a -1 are for soil s.mples taken from 0 to 7
inches in depth. The gain in nitrogen at plow depth ('Sr the rotaton anti
manure method of cropping o as more than 1,000 pounds per acre. '.t'here
was a gain in organic matter of approximately 10,000 pounds per acre at

aOrganic matter ileterniinitisms st crc made by the rim ied 1. 11. Rather method
(Bal. 140, Ark. Aqr. E.i,'. Sic., 1907) as adopted tw L T. ,\tcsaitdcr and 1.1. G. Ityers
(leek. fiji). 317, U.S. 3)11. if .-1 r., 1932) and base carbine" ii' pros 011 dy reijoriril J. Age.
Rca. 44:97 (1932).

Ti eatnient
'rotal

nitrogen
0 ranic
matter

Base exchange
I. r nt( lit per

11)0 grams

I ci' I eat P Ci Cent 07db- rquizalr at
Beans, irrigated

Beans continuous 0. 65
Rotation 0,189 2.60 Lit
Rotation and manule 0.221 3.30 9.32

Beans, dry
Ileans continuous Ii. 1-17 2.2)) (il S
Rotatioii 11. 74 3,,-)) 3.17
Rotation and InanuI'e 9.19 2. sU ''/s
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plow depth. There was an increase in the base-exchange capacity due per-
haps to the high base-exchange capacity of accumulated humified organic
matter, which tends to conserve the soil against degeneration.

Gains or Losses in Plant Food. A balance sheet for the experimental
plot giving the highest average yield is. shown in Table 5. Nitrogen and
sulfur content of the soil was maintained by use of two legumes in the
rotation anti a manure treatment. A small decrease in phosphorus and
potassium was indicated, it may be necessary to supply these elements at
a later (late.

Table 5. GAIN OR Loss o PLANT FoOD III PRODUCING AVERAGe YIELDS PER ThREE-YEAR
ROTATION Paaion.

Oregon Agricultural Experiment Station

zLoss.

Maintaining available plant nutrients. Conserving and building the
nutrient supplying power of the soil is an important factor in the success-
ful tillage program. Plants feed upon the nutrients dissolved in the soil
water, called the soil solution. Biological activities under favorable con-
ditions such as a moist and neutral soil, well supplied with legume residues,
jeplenish nitrates and sulfates and aid in replenishing phosphate in the soil
solution. These elements bring in and hold the nutrient bases' in solution,
largely from the nearly available or so-called exchange form.

Crop rotation and productive land value. Crop rotation has been 85
per cent as effective as commercial fertilizer in maintaining yields during
two decades on silty clay loam soils of the Willainette Valley. This result
illustrates the necessity for this type of program on a profitably operated
farm. Rotation paves the way for crop diversity, affords steady employ-
ment, helps control pests, conserves fertility, aids maintenance of soil
orginic flatter and nitrogen, increases efficiency of irrigation water, sys-
teniatizes farming, and increases yields with little cash outlay.

rops produced
and fertilizers
spplied during

three-year
otation period

21-year
average

yield
per
acre

Plant-food loss per acre Plant-food gain per acre

Nitro-
gen

Phos-
phorus Potash I

Sulfur
Nitro-
Sen

Phos-
phorus Potash Sulfur

rots
Beans

Barley

Clover

tertsiszers
Manure
(Per acre)

Beap straw
(Per acre)

18.24
bushels

50.98
bushels

4.00
tons ------

8.00

0.25
tons

tons -------

Pounds

40

43

Pounds

4

9

14

..

..

Pounds

12

11

85

....

..

P1
3

3

7

....

....

Pounds

..-.

.--

80

6

Poands

16

...

Pods

70

Pounds

24

Total 83 27 108 13 86 16 70 24

Balance in
plant food
consump-
tion . 11 38 ... 3 .. ..-. 11
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Table 6. Ceop ROTATION AND PRODUCTIVE LAND VALUE AS SITOWN BY 21-YEAR AVERAGE
PRODUCTION POE BEANS

Oregon Agricultural Experiment Station

Net profit is increased. The average yield of beans and net profit for
each method of cropping are listed in Table 6, showing in addition the
approximate indicated land value based nit 6 per ct-tnt on iset crop lilcollie.
Beans grown continuously by rainfall farming 1cr 21 years resulted in a
loss and did not return even enough revenue for taxes. Beans eontiiuouslv
under irrigation netted $2.05 per acre or 6 per cent on a land value of $34.17
per acre.

With rotation and dry farming the capitalized valuation is approxi-
mately $150 per acre. Under irrigation it is more than $350. For rotation
and manuring the return represents 6 per cent on land values or approvi-
rnately $300 and $500 respectively for unirrigatud ztnd irrigated plots.

It is easier and lucre profitable to keep soil productive than to restore
fertility to exhausted land. Soil building is a long-titiie process. A clienneal
study of the soils for several of the oldest experiment fleltis in Oregon anti
eastern states, recently completed, shows the value of such a soil-building
prograril. The study shows that treatments that have maintained or in-
creased yieldssuch as lime, legumes, phosphates and inautirehave also
maintained nitrogen, organic mattep, and the base-exchange capacity, antI
appear to have conserved these soils against degeneration or loss nf nitrates
and base-supplying capacity.

Based on these studies we may now state the first fundameistal law of
irrigation practice; namely, that good fertility renders sufficient the least
amount of water and the lowest cost per unit crop.

Crop
Yield

per acre

B IS/i Sf5

Net profit
per acre

At'praximal e
indicated land
value at 6 per
cent (Beans
data only)

Beans, dry
Continuous cropping 6.47 $ 559C
Rotation 9.71 8.74 $1 5000
Rotation and manure 12.64 17.18 300.011

[leans, irrigated
Continuous cropping 8.43 2.05 35. Ott
Rotation, after barley un! clurer 15.10 21.26 350.00
Rotation and manure I 8.21 35.31 500.00

'Loss
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