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THE EIALQAEIONMQR»AMNEﬂ FERTILIZER

R ROM FISH WAST
By

Margaret Jean McMullan

Abstract
Water in three separate applications was allowed to
' percolate through columns of pots containing different types
of soils to which fish proteinate had been added only in the
top pot. The volume of water was sufficient to saturate all
the soil and to give a small excess for analysis."Plants were
subsequen tly grown in ail pots and the increased growth in
different pot levels was used as a measure of nitrogen
retention,

On the whole the fish proteinate was well retained,
particularly in heavy soils, but the retained fertilizer was
.more efficiently utilized in light soil.

| The tendency of the fish proteinate in its present form
~ to absorb moisture from the air and to cause the formation
of a hard crust, especlélly in the 1light soil, are definlte
drawbacks, and it is concluded that these undesirable features
must be overcome before the product should be put on the

market.



THE EVALUATION © FERT
DERIVED FROM FISH WASTE
1. INTRODUGTION:

(a) he Fert [} a sts

In spite of the urgent demand for nitrogenous
material for nutritional,fertiliger, and industrial uses,
avallable sonrceé of nitrogen in the form of fish waste are
discarded in freméndous quantities every year. . One manu-
facturer in British Columbia who obtains oll from fish waste
?y chemical extrection is endeavouring to utilize the
pitrogenous residue from this process by converting 1t to a
form sultable for fertilizer. The material is dried to a
powder and then mixed with dlatomaceous earth in an effort.
to overcome the tendency to absorb moisture. The final product
hes a reaction ranging from pH 6 to pH 10 and & nitrogen
content of approxzimately 8%. The nature of the nitrogenous
material in the fertilizer has not been ascertained; 1t is

referred to by the manufacfu:er as "fish proteinate',

(b) The Object E ants

The experiment was carried out inm the'greephouse to
supplement a test already mede (6) and a field experiment
currently in progress (5) to detefmiﬁe the feasibility of using
the fish proteinate as a'commercial fertilizer, - The main
purpose of this experiment was to obtain information regarding

the retention of the fertilizer in successive soil layers and
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fhe availability of the nitrogen in different soil types; and
also to observe the degree of leaching of the material, its
effect on yhe physical nature of the soils, and some of the
properties of the fertilizer 1tself,
(c) Review of Literatures

Due to the fact that so 1ittle weas known about the
chemical nature of the material under test, the literature
reviewed was necessarily restricted, and dealt only with a
method prevloﬁsly used to evaluate the retention of nitrogen
.in solls.

The procedure used in this experiment is aﬁ adapta tion of
the percolation method used by Conrad (2) to determine the
degree of retention by soil of nltfégen from a wide variety of
sources. The method gives semieguantitative results, and

-provides a very safisfactofy means of determining the retentim
in the soil of nitrogen from complex organic compounds whose
reaction with the’soil cannot be predicted with any degree Qf
accuracy.

Conrad's method consisted of percolafing a solution of
the material under test through a column of three pots and
subsequently measuring the growth of plants 1in the top, middle,
and bottom pots. By this means he showed that the nitrogen
contained in anionic¢ nnits in compoun@s was not retained in the
soils tested; that nitrogen contained in cationic units of the
compounds was eemp;etely or almost completely retained in the

"top pots of their respective columns. Nitrogen in amphoteriec

or approximately neutral units were unpredictable and their
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behaviour varied consi¢erab1y.
Sincq the exact chemlical nature of the nitrogen fraction
of the fish proteinate was nof known, it was 1mpo§sihle to
predict the reaction of the material with the soil and the

consequent degree of retention.

2. MATERIALS AND METHODS:
(a) General Remarks:

" -Gonrad's method eons;sted'of percolating a solu-
tion of the nitrogenous material thrpugh the c¢olumn of fots,
but in éhe present experiment, dune to the nature and
composition of the fertilizer mixture, it was deemed advis-
able to 1ncorporate the fish proteinate with the soil in t-he
top pot in each column and to percolate only water through the
series. This method served two purposess 1t produced
conditions somewpat comparable to those in a field on which
fertilizer had been broadcast and harrowed in, and it pfevented
.the accumulation on the surface of the soll of the diatomaceous
earth contained in the fertiliser.

A further modification of Conrad's method was made by
carrying ouf the leaching procedure three times instead of
once. The s0il was thus subjected to very severe leaching,
and it was considered.that i1f the fertilizer was retained in
spite of sudh treatment, the: degree of retention must be very
good. Purthermore, the comparatively long period between the
first leaching and the initiation of the_growi#g test allowed

time for the breaking down of the fish protéinate into a form



-4 -
available for plant growth. It wes hoped that plant fesponne
would be an indication of the rate of availability of the
nitrogen as well as an 1nd1cafion of the degree of retenthn
in the different soils.

Owing to the larée number of percolate samples and to the
faet.that the object of analysing the percolate was to obtaln
an indication of ranges rather than exact values, it wa s
decided to meke use of a colorimetric method for estimating
the total nitrogen and the nitrate nitrogen in the percolate.

Emmert's (5{ méthod of nitrogen detorminatlon was tried
and numerous tests were made on the first percolate, but con-
sistent results could not be obtained and the method had to be
discarded. Due to the failure of this method, bacterial
growth was pronounced in all percolate samples from test
.columns, with the result that no nitrate nitrogen estimations
could Se made on these samples. The amount of bacterial
growth was recorded as being a possible indicecation of the
amount of nitrogen in the percolate.

| Total nitrogen determinations ﬁere carried out by another
method on all the percolate samples from the first leaching,
though it was realiged that there might be some error due to
decomposition of the proteinate. The method of nitrogen
analysis finally adopted was a combination of Emmert's (3)
digestion procedure and one of Bray's (1) methods for the

measurement of nitrate nitrogen.



(v) Soils:

" In order that the properties and reactions of the
fish proteinate could be studied on a fairly wide basis, soils
of various types found 1g.ph§ agricultural areas of.the Lower
Malnland of'British Columbia were used in the experiment.
These soils included a hgavy clay; a fine loam high in organic
matter, muck, and a light-sandy s0il. No attempt was made to
alter the reaction of the soils, nor to add supplementary
elements, as it was considered that such changes would create
more problems thﬁn they solved.

The four soils used in the experimént were designated as
followa: |

»

SO0IL A: untilled clay soil from Sea Island, classi-
fied on the Soil Map of the Lower Praser
Valley (4) as Ladner Clay.

SO0IL B: untilled éoil_from Langley Townsite, classi-
- fled as Custer Loam. '

SOIL G: untilled Black Muck from Lulu Island near
Brighouse. . '

SOIL D: Upland Sandy Loam, previously cultivated,
from the Horticul ture area of the Campus
of The University of British Columbia.

In taking the samples of untilled solls, the cover of
woeds and the top two inches of m0il were removed and the soll
taken to a depth of abvout elght inches,

The solls were received in field-moist condition and
after they had been sifted through a half-inch mesh to remove

lumps, stones, roots, etc., they were then spread on a bench

in the greenhouse to dry. They were turned ahd stirred
frequently for three weeks, and were then considered to be in



an alr-4dry condition.
(e¢) Rertiliger: _
. The fertiliser materiei used in this experiment

v

‘has already been described on page 1.

(a) Eguipments
' Potss 60 four-~inch pots complete with one~

hole corks and "needls-valves" made
of glass tubing, served as reservolirs.

180 four-inch pots were used to
contain the soll.

A1l pots were painted on the outside
with asphalt paint.

Cans: 180  cannery tins, No. 2%, painted on
the inside with asphalt paint, were
used to catch the excess dralnage
from pots containing plants.

Jars: 96 four-ounce jars were used to catch
the percolate and to hold samples for
analysis, : .

Racks: 3 wooden racks with removable side bars

were designed to hold double rows of
‘pots, as shown in Plate 1.

Chemicalss in addition to the chemicals speci-
‘ fied in the analytical procedures, the
following reagents were made ups

Reagent 1 ' .
: 100 gm. Baso4
l gm. finely powdered zine
10 gm. MnS0,.H,0

_ The reagents should be free from nitrate and
nitrite and be ground together forming a nearly white powder.

Reagent 2: ‘
10% acetic acid made nitrate-free by
the addition of a little powdered szinc.
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Reagent 3s+ To 50 ml. of Reagent 2 add approxi-

: mately 0.25 gm. of a mixture of equal
parts by weight of alpha-naphthyl-
amine and sulphanilic acid.

Blantss "King of Denmark" spinach plants were .
grown to pricking-out size in a flat
and then transplanted to the pots.

. Colgmns of pots were set up with three pots per column.
Each pot conta;ned 300 gm. of alir-dry soil, except 1ﬁ thelcaae
of S0IL € (Black quk) when only 200 gm. could be put in each
pot.. With the soii in the top pot of each column was incor-
porated 11.2 gm. of fish proteinate (7.6 gm. in sbIL_c) 80 thet
the nitrogen level of the soil of the top pot was raised by
épproximately 0.3% on an air-dry basis. The soll and the
fertilizer were thofoughly mixed by shaking the two together
in a closed can, .

Test columns were rapllcaied twelve times for each soil.
‘Similar columns of each soil without added fertilizer were set
up to serve as checks.

Check columns wdre.replicated three times for each soil.

Before each pot was filled with soil, a plece of pottery
was pleced over the drainage hole, and a small handful of

washed gravel was dropped in to hold the pottery in place and
. to provide good drainage and aeration. '

From a reservoir pot above each bolumn, tap water was
percolated through the soil until an excess of more than 20 mnl.
hed been colleéted in e Jar set helﬁw the column. The water

was dripped at a sufficiently slow rate to prevent the
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formation of aurracg pools, baut fast enough so that all
percolating was completed within 48 hours. No record was kept
of the eamount of water requiredAto saturate each type of soll.
20 ml, of perco;ate was saved from each column for
analysis, and the remainder was returned to the top pot. In
the case of test columns, the percolate from each group of
three columns was made into a composite sample in order to
reduce the number of nitrogen estimations to be made; The
sample of percolate from each check coinmn was placedvin a
separate storage Jjar.
The pereolafion procesé w;s carried out three times, with

an interval of 28 days between the firast and second, and 8

days between the second and third leachings.

(£)

Observations were made on the colour of the perco;
late at the time it was collected, with the thought in mind
that there might be an association between the colour of the
percolate and the amount of nitrogen leached out of the soil.

It was remarked above that dune to the delay in finding a
satisfactory colorimetric test for total nltrogen in the firat
leachate, bacterial growth was evident in all percolate
samples from columns recelving fertilizer. An eétlmation of
the amount of growth was made by visual examination.

The reaction of the last percolate was recorded to show
the cumulative effect of leaching on the acidity of test and

check soils and to establish the pH of the soils at the time
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the growing test was begun., The approximate acidity was
determined by the use of Hydrion paper. A small pilece of the
peper was placed in the depression of a spot plate and just
moistened with percolate. The colour developed was then
compared with the standards provided. .

Digestion prior to the determination of total nitrogen
was carried out by Emmert's (3) method as follows:

5 ml. of the percolate wefe placed in a test tube and
. evaporated to dryness in a water bath. To the dried material
was added 1 ml. of 40% sodium chlorate solution without wetting
the sides of the tube. The tunbe was then slanted and 1 ml. of
fuming sulphuric acid (16% 903) was sllowed to run slowly down
the side of the tube with constant shaking of the tube to-
prevent spattering. When the reaction had ceased 3 ml. of
distilled water were added. |

1 ml. of th# digest solution was then placed in a clean
test tabe with 2 dropa of phenolphthalein and the solution was
neutralized with 40% sodium hydroxide. Sufficient 16% acetic
acid was added ﬁo dispel the red colour, and then 10 drops
ﬁore. The volume was made up to 5 ml. with distilled water.

Using the neutrall zed digest solution for total nitrogen
andvthe percoléte for nitrate nitrogen, a colorimetric esti-
mation of the nitrogen content was made by Bray's (1)‘method

as follows:
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To duplicate 1 ml. samples in a test tube were added 7 mlL
. of Reagent 2, and then % ml. of Reagent 1. The tube was
| shaken immedlately for exactly 20 seconds and then 1 ml. of
Reagent 3 was added and the tube shaken once more. The tubes
'wefe allowed to stand for several hours or overnight before
eompar ison waé made with a series of standards prepared by the

same method.

(g)
- The columns of pots were taken dewn.and each pot
wés placed in a tin cen as shown in PLATES II-IV. One spinach
plant wae set in each pot. The pots were randomized on the |
greenhouse bench and watered as necessary. Excesa water
' collected in the tin cans was returned to the pots, After
about eight weeks of growth, when the lower leaves were begin-

ning to show chlorosis, the plants were hervested.

(h) Veighing of Plant Materials
| The tops of plants were weighed immediately after

harvesting.
3. BSERVATIONS SULISs

(a) Properties of the Portilizer Material:
| In epite of the addition of diatomeceous earth to

the dried fish proteinate, it stili exhibited pronounced deli-
quescence, and waé difficult to handle after short exposure
to the air. Thus even weighing the fertilizer in a beaker

presented difficultles, as the material absorbed moisture
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fast eno&gh to stick to the sides of the glass,

The weighed material could not be used immediately and
was stored in glass jars with tight 3crew caps; at the end of
two months the oriéinal powder had become a hard, unmanage-
able mass, and new portions of fertilizer had to be weighed

out,

At the time of the second leaching 1t ﬁas observed
that all soils in columns which had received fertilizer were
cons iderably caked on the surface. In the case of SOIL D
(Uplend Sandy Loam) the soil was quite impervious to water
until the crus§ haa been broken.

This aevereloaklng effect in SOIL D was still evident at
the time of transplanting seedlings; in the other soils the

effect had been eliminated almost entirely by successive.

leachings.

(c) Rercolates

legg;:‘ The results of these observations are tabulated

in TABLE I.
acterial Growth: TABLE II records an estimation of the

amount of growthlin percolates from the different soils
following the first Ioaqhing. ' _

pH: The results of the acidity estimations on the third
percolate are shown in TABLE III. '

Nitrogen contgg&s In TABLE IV is shown a summary of the °

estimations of total nltrogen and nitrate nitrogen in the
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percolate collected from all columns of pots, and the inecrease
in the total nitrogen leached from the soils as a result of
the addlition of fertilizer. |

Growths The comparative sizes of plants in the check, top,
'_ middle, and bottom pots are shown in the photographs in
PLATES I1-1V.

~ Plants in SOIL C (Black Muck) made very little growth and
after six wéeks in the pots qhowe& chlorosis and stunting to
such a degree that the experiment with this series of plants
was discontinued and no further observations were made.

Frosh Weight: ‘Due to the small size of the p;ants, they
were not weighed individually. The twelve plants’ growing in
the top pot of each soil type were weighed and the'average
fresh weight per pIAnt was calculated. Similagly. the plants
of . the middle and bottom pots were weighed and the average.
welights found. The three plants in the top, middle, and
bottom pots of each check soil were also weighed and the
average weight recorded. The avefage fresh weights per plant
. are shown in TABLE V along with the increase in weight and
the percentage increase as a result of the.fertiliéer !

- appliocation.
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POT SETUP IN RACKS FOR PERCOLATION TEST



ELANT GROWTH IN SOIL A (LADNER CLAY)
(Check, Top, Middle, and Bottom Pots)



RLANT GROWTH IN SOIL B (CUSTER LOAM
;
(OCheck, Top, Middle, and Bottom Pots)



PLANT GROWTH IN SOIL D (UPLAND SANDY LOAM)

(Cheek, Top, Middle, and Bottom Pots)



"IABLE 1

Colour of the Pirst Percolate

Test Check
soiL A Orange~-yellow Faint yellow
S0IL B Almost colourless Colourless
80IL C Fight brown Orange-yellow
S30IL D Light bdbrown Ver.y faint yellow
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TABLE II

Bacterial Growth in the Pirst Percolate

Test . Check
SO0IL A + -
SOIL B + -
S0IL ¢ -+ -
SOoIL D bt -
EBY: - None
Q .

+ Slight

++ Moderate

+++ Hoavy

e Very Heavy



IABLE 111

pH of the Third Percolate

Test _ Check
SOIL A pE 7.0 pH 6.5
SOIL B pE 5.0 pE 6.6
S0IL © pE 4.0 PE 4e5
S0IL D pH 7.5 pE 7.0
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| IABLE IV

Nitrogen Analysis of the Percolates

Total Nitrogen = NitraterNitrogen
First Second Third Total Firet Second Third
| fbsf 76 ° 100 156 190 - 20 10
Check 60 76 10 145 16 16 7
Increase 16 26 ,5‘ 45
SOIL B |
Test 200 100 50 350 - 30 12
Check 100 26 10 136 26 15 7
Increase ' 100 75 40 215
'801L ©
Test 200 1#5 60 425 - 20 12
Check 100 100 26 226 16 15 12
Increase ‘100 75 26 200
S0IL D
Test 750 260 26 1025 - 25 15
onéck 200 26 156 240 60 20 12

- Inerease 560 226 10 785
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IABLE Y

Average Presh Weight - Grams Per Plant

CHECK:

Average of

3 replléations

Top Pot Middle Pot Bottom Pot
. SOIL A
Test 2.52 2.16 2.56
Check 0.70 ' 1.67 1.87
Increase 1.82 0.49 0.69
Percent Increase 262 29 37
SOIL B .
Test 0.86 0.67 0460
Check 0.30 0.563 0.40
Increase 0.66 0.14 0.20
Percent Increase 187 26 b0
SOIL O
NO DATA -
SOIL D
Test 1.90 1.30 1.30
Check 0.35 0.36 0.37
Increase 1455 0.95 0.93
Percent Increase 444 272 251
Notes TEST: Average of 12 replications
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4. DISCUSSION OF RESULTS:
(a) Golomr of the Pirst Parcolates

Reference to TABLE I shows that the greateat colour
change in the first percolate between fertilized and unferti=
lized soils occurred in SOIL D (Upland Sandy ioam) and
comparison with TABLE IV shows that by far the greatest loas
of total nitrogen also ogcurred from this soll. Here tﬁe
- relation between colour change and degree of leaoh{ng seems
to end, for moderately heavy losses of total nitrogen occurred
from SOIL B (Custer Loam) and SOIL © (Black Muck) whereas the
colour changes were slight; and 1n the case of SOIL A (Ladner
Clay) the colour change was qui te pronounced but the loss of
nitfégen was comparatively small. v

Thus it'seems that the colouf of the percolate as a
result of adding fish proteinate to a 3611 is not ngcesaari;y
a measure of the amount of nitroéen carried out in the
leachate, particularly in fine-textured soils.

Since the hltrogen fraction of the fertili;er is not held
in all soils to the same deéree as are the total organic con=-
stituents of the fertilizer, no direct relation can be sald to
exist between loss of nitrogen and the colour change induced

in the percolate.

(b) acteria T nt rst olates
The amount of bacterial growth in the first
percolate from the soils receiving fish proteinate agrees to

some degree with the increased nitrogen in the percélate. to
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the extent that in the leachate from SOIL A (Ladner Clay) the
nitrogen contenp was low and growth was slight, and in the
leachate from SOIL D (Upland Sandy Loaﬁ) the nitrogen content
was very high and growth was very heavy. Although the amouﬁt
of proteinate nifrogen was the same in the percolates from
S0IL B (Custer Loam) and SOIL C (Bla%k Muck), bacferlal growth
was considerably heavier in the latter.

Since the percolate from soils receiving no fertilizer
were fairly high in total nitrogen in some cases but showed no
growth of bacteria, it appears that bacferial activity depends
‘on the form in which the nitrogen occurs. However, since the
growth in the leachate is not proportional in all cases to the
amount of nitrogen derived from the proteinate, another factor
must be present in varying amounts, gnd it lq suggeated that
organic matter carried down in the drainaée water may be the

factor involved.

(¢) pH of the Third Percolate:

No consistency is apparent in the effect of the
proteinate on the reaction of the soil percolate, as it will
be observed in‘mABLE I1I that the pH was raised in two cases
and lowered in two cases compared with thé percolates from
soils which had received no fertilizer. However, since the
Hydrion paper method of measuring acidity is not semnsitive to
fine gradations, 1t 1s suggested that differences of 0.5 one
way or thé other should be ignored, and for practical purposes

it can be said that the fish proteiﬁate caused no'change.of
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pH in SOILS A, 0, and D,

| The pronqpnced indréase of acidity in SOIL B (Custer
Loam) is apparently associeated with bacterial activity and the
organic matter fraction of the soil. 'It‘will be observed that
‘in the Black Muck a reguction.or pE also occurréd. whereas.ln
the mineral soils the pH showed a tendency to rise as a result

of the fertilizer applicat ion.

(4) Nitrogen Amalvsis of the Percolates
Leaching of total nitrogen from the different
solls varied widely. Thus it is seen in TABLE IV that the
total nitrogen lost from SéIL D (Upland Sandy Loem) was very
large, whereas the amount lost from SOIL A (Ladner:clay) was
comparatively slight, and the losses from SOIL B (Oubtef Loam)
and SOIL C (Black Muck) were intermediate. =
The ifinecrease in total_nitrogen leached in thé'three
percolates as a Tesult of the addition of f1sh proteinate is
shown for purposes of comparison betwéen the different soils.
Phese increases in nitrogen lost through leaching can be

expressed in simple ratios or Wleaching Factors" as follows:

SOIL A (Ladner Clay) 2
SOIL B (Custer Loam) - 10
SOIL € (Black Muck) - 9

S0IL D (Upland Sandy Loam) 36
It is interesting to note that in SOIL A (Ladner Clay)

the losses of nitrogen from both test and check pots were
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greater in the second than in the first percolate. _Apparently
the-long interval between the leachings caused more of the
nitrogen to become soluble and free in the soll.
There seems to be noipartlcular significance to the losses .
of nitrate nitrogen, especially in.view of the'fact that esti-

mations for the first percolate are missing.

(e) Retention of Nitrogens

Conred interprets bies results of the growing test
by observing the relative growth imn the top pot compared to
growth-in the m&ddle‘and bottom pots of the test columns, and
unless the differences are very great, he seems to conclude
that retention was slight. In the present experiment, however
three léa;hings were carrled out instead of one, with the
result that a larger proportion of the.nutrient maferial was
carriéd down from the top éot to the m;ddle and bottom pots 15
both test and check columns. Hence it appears that a better
estimation of retention can be'arxived at by finding the
ingrease in plant growth at.each pot level resul ting from the
applicatioi of the fish proteinate. fhe increase is expressed
as a percentage of the fresh welght of plgnts in the check
pots, as shown iﬁ TABLE V.

When a compérison is made on the basis of percentage
inecrease in growth, it becomes evident that respomnse in the
top pots is considerably'greater than in the middle and bottom
pots. These data are interpreted graphically in FIGURE I.

To facilitate comparisons between different soil types, a



FIGURE I

Percentage Increase in Fresh Weight
in Top, Middle, and Bottom Pots.
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"Reten tion Factor® is derived by div;ding the increase in the
top pot by the 1n;rease in the bottom pot. (The bottom pot,
rather than the one showing the lowest percentage increase,
was chosen arblt:arily for the sake of uniformity). 1In
integral numbers the retention of the proteinate in the dif-

ferent soils 1s then shown as follows:

SOIL A (La@ner Clay) R
S0IL B (Custer Loam) 4
SO0IL 0 (Black Muek)'. -
SOIL D (Upland Sandy Loam) 2

Further examination of the results of this experiment
glve some indication of the ngture‘of the retention in the
soll as well ﬁs its degree;

In the case of the light soil (8OIL D, Upland Sandy Loam)
1t eppears that the fish proteinate was washed down into the
middle and 5ottom pots and Intq the dralnage water collected
during the first leaching procedure. This conclusionm is borne
out by the pronounced change in colour of the percolate and-
the heavy bacterial growth. The proteinate held in the soil

layers was subsequently broken down at aycomparatively rapid
>rafe and became avallable for plant growth; hence the grdwth
at all levels was very high compéred’to the checks.

In the heavier aoils, however, the proteinate was almoat
completely retained in the top pot and apparently only a
small soluble fraction percolated through the middle and

bottom pots and into the excess leachate collected for

analysis. If such were the case, the soluble material should
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be more concentrated in the bottom than in the mi&dle pot, and
therefore lncreased growth should be greater in th; bottom pot.
Such was the case in both SOIL A (Ladner Clay) and SOIL B
(Custer Loam), as is clearly shown in FIGURE I. Since the
protelnate was held very largely in the top pot, growth at
that level was much greater than in the middle and bottom pots.
Due, however, to the slow rate of avallability in these heavy
soils, the increased growth compared to check plants was much’
less than in the light aoil..

In view of the above observations, it seems that the fish
proteinate 18 retained in the soil in its originQI fbrm rather
than as a product of enszyme or bacterial decomposition; in
othér words, retention of this material is a physical rather

than a chemical phenomenon,

(£) Availability of the Portiligers

Although the main object of the experiment was to
estimate the degree of retention of the fish proteinate in
representative_types of solls, another aspect of the relation
between solls and ihe fertilizeér is evident in the results of
the leaching and growing tests. Theoretically, the retention
factor as derived from growfh response should be inversely
proportlonal to the degree of leaching, if the retalined
fe:tilizer_ls used with the aahe degree of effi&lency in all
solls. Thgt this is not the case is shown by a comparison of

the leaching and reienthn factorss



_ v nggthg Retention
SOIL A (Ladner Clay) 2 ' 7
SOIL B (Ouster Loam) 10 | 4
S0IL O (Black Muck) 9 " -
SOIL D (Upland Smndy Loem) 36 2

In the case of SOIL D leaching was extremely high but
inerease in planf growth was also extremely high. Possible
reasons for these results.were soll factors such-gs acidity,
aeration, and biologiecal activity, all of which affected the
rate of breakdown of the fish protelnate and its availability
for plant growfh. In this case the fertilizer material re-
tained in the soil was used efficiently anﬁ good plant growth
resulted. The opposite ;a true in the case of thé heavler.
soils ( SOILS A and'B)'from which leaching wes relatively low,
bnf increase in plantlgrowth was not high.

. Thus it eppears that plant response to the addition of
fish proteinate to the soil depends to a large degree upon the
fate at which the hltrogenoﬁs material is made ‘available to
the planfs, and availability in turn depénde upon the physlcal
structure of the soil and {ts sultabllity for active bacterial

decomposition of the proteinate.

6. CONCLUSIONS: |
The results of this experiment indicate that the fish
proteinate possesses some very desirable properties as a

&

potential nitrogen fertiiizer. In spite bf severe leaching,
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it is strongly retained in soils, particularly those of fine
texture. Although the rate of availability tends to be slow,
especially in heavy soils, this feature may be advantageous in
the case of certain pgrennial or long-season crops for which
an immediate Eupply of n;troéen is not essential.

This material =should be satisfactory as a source of
nitrogen for light solls when applied on the surface because
it seems probable that the fertilizer will not be lsached by
.moderate rainfall beyond the depth of root growth, and tﬁat the
rate of availability;will be sufficiently high to provide
adequately for sustained plant growth. |

In heavy.soils.where the nitrogen is strongly retained
and only slowly afailahle. 1t seems that greater benefit would
be derived if the material were incorporated in the soil to
some depth, rather than allowed to remgin on the surface.

Although the fish proteinate has undeniable value &s a
éoﬁrce of nitrogen for plant'growfh, its use as a fertilizer
cannot be racommendéd at the present time. The tendency of
the material to absorb moisture from the air preseﬁts a serioné
difficulty.' Even if.thb material could be maintajined in
powder form by special care in packaging and storage, the
problem of applicaflon would remain, and it is evident from
the.limited observations made during this experiment that the
.fish protelnate could not be applied by ordinary mechanical
means. A second drawback of the material 1s'ita'tendency to

form a hard, almost impervious crust, parficularly'on sandy

soils M -
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It is concluded, therefore, tnat until these undesirable
properties of the material have heen overcome, the fish
prﬁteinate should not be put on the market as a commercial

fertilizer.

6. SUMMARYs

Water 1n three separate applications was allowed to
: percolate through columns bf pots contalning different types
of soils to whigh fish proteinate had been added only in the
top pot. The vslume of water was sufficient to saturate all
the soil and to give a small excess fo; analysié Plants were
subsequently grown in all pots aﬁd the increased growth in
" different pot levels was used as a méﬁaure of nitrogen
retentiop. |

On the whole the fish proteinate was well retained,

particularly'in heavy s0ils, but the retalned fertilizer was
more efficiently utilise@ in light soil.

The tendency of the fish proteinate in its present form
to absorb moisture'from.the air and to cause the formation of
.a hard ecrust, especially in the 1ight soll, are definite draw-
backs, and it is concluded that these undesirﬁﬁle feﬁtures

mast be overcome before the product should be put on the

market.
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