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INTRODUCTIOK

¥arked reduction In the per cent of germination of seeds of
cultivated plants has often resulted from the application of fertilizers
in contact with or near the seed. The causes and remedy for this injury
have besn the subject of numerous investigations., The Committee on
Fertiliser Placement of the National Fertiliser Association (7) and co-
operating agrienltural experiment stetions have accomplished much to
remedy this objectionable effect by determining safe and effective methode
of fertilizer application. Some excellent work has also been done to
determine some of the causes of this fertilizer injury. It was belleved,
howsver, that there was need for further knowledge comncerning this matter,

and thersfore, the presented investigation was undertaken.
HISTORICAL

The literature ias replete with observations of retardation and
inhibition of germinatlon and growth caused by fertiliszers and other
chemical compounds. As early as 1733 Jethro Tull (14) noted that “too
mach nitre corredes a plant®, That was approximately one lmndred years
before the first shipment of Chilean nitrate from Iguique. Late in the
nineteenth contury an active interest was taken in the prodlem hy French
and German investigators. Thess early investigations were concerned
chiefly with laboratory tests using solutions of single salts,

Clandel and Crochetelle (3) investigated the effect of KC1,
K50y, (WHy)oS0y, ¥el05, ammoniated superphosphate, and basic slag on the
germination of seeds. All of these materials at the concentrations used
{n their experiment except basic slag (which is relatively insoludle),

retarded germination,
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Vincent (15), working with wheat seeds and several soluble
fertilizer salts, concluded that the ability to germinate was decreased
with increase in concentration of ths salt.

Much later, ia 1921, Rudolphs (9) showed that the reurdﬁxg
action, with some exceptions, conld be attributed to an interference with
absorption of water by the seed as a result of the high osmotic concentration
of the salt solutions,

Humerous other workers empleying solutlons, pet and field teasts
have supported the findings of these men, Little doubt remains that high
osmotic concenitrations have a retarding effect on germination.

There is, howaver, another source of injury to germination due
to toxic substances, which cannot be attributed to high osmetic concentration.

Sigmund (12), working with peas, corn, and rape seeds, found that a
0.5 per cent solution of XF entirely preveanted germination.

Boxo¥ny (2) foumd that a 0.1 per cent solution of HaF was very
injuricus to cress seedlings and that a 0.1 per cent solution of HF completely
prevented the germination of cress, bariey, peas, flax, and bean seeds.

~I%'is well known thai phosphate rock 'coz';ts.ins a considerable
quantity of fluorine. The analyses by Jacobs and Reynolds (5) and alsoc of
Marshal and co-workers (6) show that the fluorine content of rock phesphate
ranges between three and four per ceni for most of the samples analygzed,
loreover, the first mentioned investigators showed that most of this fluorine
is carried over inte the product during the manmufacture of superphosphates,
and the latter workers found that some fluorine 1s present in the phosphorie
acld used for making treble superphesphate.

Allisom (1), growing corn in tumblers, found that heavy applications
of 18 per cent superphosphate prevented germination.

Rost (8), in pot and field work, found that both 16 and 46 per

cent superphosphates were injurlous to corn at heavy rates of application,
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Ths 46 per esnt superphosphate was more toxic in equivalent smounts than
the 16 per cent superphospbate. Contect with the soil for one month before
planting largely eovercame the toxiai,{y of beth fertilizers.
EXPERIMENTAL
Toxleity of Superphosphates to Germination of Corn

To iavestigate the toxicity of various fertilizer materials, a
method was used similar to that used by bacteriologists in testing the
efficlency of disinfectants., The organimms {corn secds in this case) were
placed for a definite number of hours in the material investigated and then
-placed in a suitadle medium for growth. Tne effect of the treatment on
viability was then compared with a contrel rum parallel with the treated
organisms.

Pastes were made by moistening fertilizers with distilled water.
Each paste was placed in a two~pound glass butter dish having & loose glass
cover. One madred seeds of corn were embedded in each of the pastes for
the time designated. Corn seeds of unmiform sigze and high germinative power
were used., Any seeds that showed indication of meghanical injury or poor
quality were discarded, After remaining in the paste for a definltis number
of howrs, the seeds were removed, well washed with distilled water, weighed
and placed in'rag dolls to germinate. For the fluid treatments the same
proeedure was used except that 500 cc. Ebrlemmeyer flasks were used as con-
tainers during the treatment and these were stoppered with absorbeant cotton.

The "rag doll¥ consisted of a strip of cheese cloth eight inches
wide and thirty inches long. The hundred seeds were spread uniformly on
each strip and then rolled up with the cleth wsing a glass rod as an axis
to give stiffness to the roll., Each #rag dell® was placed in a five pint

jar contalning ome inch of distilled water so that the wick action of the
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cheess cloth moistened the geeds. The jars were then comnected by means
of rubber tubing and serated with moist air four times daily. Germinated
seeds were removed daily and the number that germinated was recorded. As
the reaction of the medium for plant growth may influence germinatiom, the
PH walues of the pastes and solutions were measured by means of the guin-
hydrone electrode. The results of the experiment are given in Table 1,
These results show that commercial ammonium sulfate and potassium

chloride were injuricus to germination. The toxic effect produced by the
two superphosphates was especially sewvere. Three hours immersion in these
two materials was gsufficlient to reduce germination seventy-five per cent
and the twelve hours immersion killed practically all ef the seeds. Similar
toxicity was not shown by monocalcium phosphate, phosphoric acid, or sulfurie
acid in the concentrations used. Neither was it shown by rock phosphate
in water. However, when rock phosphate and 0.143 ¥ saulfuric acid were mixed,
a product was ebtained that was highly toxic to germination.

| Since retardation of germination due to high osmotic concentration
of the medium is related to the waier absorption of the seced the weight of
seeds before and after immersion in the fertilizer pastes was recorded. The
per cent increase in weight of the seeds is shown in Graph 1. It 1s at once
apparant that the phosphates interfered with water absorption much less than
the more soluble ammoniun sulfate and potassium chloride whieh, in turn, were
less toxic than the phosphates. The interference with water absorption,
then, does not afford an explanation of this injury.

The high acidity of the phosphates evidently did not account directly

for their toxieity under the conditions of the experiment, because the more
acid phesphoric and sulfuric aeids did not produce a similar effect. There-

fore, an explanation of the injury must be sought elgewhere.
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Qualitative tests showed that concentrated sulfuric acid formed
lydrefluoric acid from rock phosphate, When the mixture was heated a
heavy etching was produced on a glass plate. Therefore, it seemed dssirasdble

to investigate flmorine as a possible sourge of injury to germination.
TOXICITY OF SOME FLUORINE COMPOUNDS TC GERMINATION OF CORN

Solutions of hydrogen fluoride and szodiwm flusride were made con-
taining known concenirations of fluorine, The strengths of these solutions
were checked by titration with 0.1 ¥ thorium nitrate using alisarin as an
indicator, according to the method of Willard and Winters., The pE values
of the solutions were determined by means of the guinhydrome electrode,

Pour hundred cublic centimeters of each selution were placed in
separate five-pint jars. In each of these were placed two %rag dells* each
contalning one lmndred seeds of corn., Omne of these #far dolls®" contaimed
Polar Dent corn (the same varisty used in the previous experiment), the
ether contained Pickett!s Yellow Deni gorn. In addition to the Jars con-
taining the flmriﬁe solutions four more were sdded to the series. One of
these contained 40O ec. of 0.143 ¥ H.S0), the second an equal volume of |
0.072 X H 80y, the third X0O cc. of 0,072 E E 80, plus one gram of Ca¥,
per 100 ce. ef solution, while in the fourth jar solld CaF, was sprimkled
directly on the seeds in the"rag dol¥ and 400 ec. of water was added, Ths
jars were connected in series by tubing, aerated, efis., as in the first
axperiment.

It should be noted that this egperiment and the subseguent ones
differ from the first ome in that the seeds were exposed to the reagents
continucusly through the wick action of the ®rag doll®, while in ths first

experiment the seeds were expesed to the reagents only for a limited space

of time. The results are given in Table 2,
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Several salieat facts were brought out by the data of the second
experiment. Hydrogen and sedium fluoride were both toxic to germination of
¢corn and their toxieity increased with comcentration. Hydrogen fluoride was
more toxic than sodium fluoride. These resulis are in accord with the findingse
of Bokorny (2). He attributed the toxicity to the passage of fluorine into
the seed where it united with the calcium present there to form insoluble
calciun fluoride, He states: "rhe calcium 18 an integral constituent of many
cell organs and prodably eccurs as calcium proteinate in the same.? His
theory is further supported by his results on the effects of potassium oxnlate
and oxalic acid. Both these materials proved imjurious in 0.1 per cent soluéions,
especially the latter which killed the seeds of cress.

Siguund, also, found that 0.5 and 0.3 per cent solutlons of tartarie
acid (another chemical which forms T insoluble compound with calcium) were
injuriouns to wheat and killed pea and rape seeds. But Sigmund obtained mo germ-~
ination of peas, wheat, and rape when he used solid calcium or barium fluoride,

In the present investigation, however, repeated attempts to odtain
injary to corn by solid calcium fluworide indicated that 1t had no effect on the
germination of corn. Seeds of corn completely embedded in the moist salt
germinated readily. When 0.072 § H,80) was added to calcium fluoride the results
were entirely different. Then the material became highly toxie, allowing ne
germination to take place, probably due to the formation of hydrogen fluworide,

The strength of the sulphuric acid used also had an effect on germ-
tnation. In the jar comtaining 0,143 ¥ EpSGy not only was the per cent germ-
ination reduced but the roots showed signs of ‘severe injury, bdarely emerging
from the seed, and the shoots were alsoc injured but to & less extent., In some
cases the shoot appeared before the root which 1s the reverse of the natural

process. The seedlings soon became covered with mold and it was doubtful if
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they would have survived if left to grow. The 0.072 X H,50) treatment proved
to be injurious also but the effect was relatively much less severs. Salter
and Mcllwaine have shown that a mutrient solution having a pH of 2.17 allowed
26 out of 30 corn seeds to germinate. The seedlings did not flourish, however,
and sventually died. A solution eof PH 2.96, on the other hand, allowed nearly
perfect germination (29 out of 30) but growth was retarded. Hence the acidity
must de taken into account as a factor affecting germination.

It should also be noted that the corn seeds showed a marked variability
with respect to their susceptibility to fluorine injury. For example, in the
case of Plokett's Dent in the hydrogen fluoride solutions nine per cent of the
seeds were able to cerminate in three hundred parts per million of fluorine
whereas oaly‘ seventy per cent of the seeds germinated in a solution containing
one mmdred parts per million of fluorine. Moreover, the Polar Demt variety
appeared to be more susceptible to fluorine injury than Pickett's Dent in thisg
experiment and alse in subsequent ones,

The question arose as to whether the fluorine had a retarding effect on
germination. The weighted mean (dally per cent germination times days) is very
useful to express the time required for germination and is easily compared with
the germination means from the other treatments. These wvalues are found in the
last column of Table 2, The solutions of one hundred parits per million of
fluorine appear to have hastened germination to & slight extent but above two

huiidred parts per million a retarding action occurred. Simflar effects may be

observed in later experiments.
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RELATION OF FIUORINE IN SUPERPHOSPEATE T0 GERMINATION

Becauss fluorine in fertilizers seemed to be a source of injury to
germination end it should be in a soluble form im order to be texic, an investi-
gation of the amount of veluble fluorine in fertilizers and its effeet on
germinsiion was undertaken. Preliminary work showed that the quantity of soluble
fluorine extracted frem supsrphosphate was dependent on the guantity of water
used and the lemglih of time of shaking the fertilizer with the water., There was
alse 2 considerable difference in the amemnt of soludble fluorine in different
superphosphates. Therefore, the following procedure was followed:

Two samples of M4l per cent superphosphate of different origim {which
will hereafter be designated as A and B), and one sample of 20 per cent super-
phosphate were obtained from stock supplies used at thls station. These samples
were alr dried in the laboratory and placed in sulitable containers. Definite
mt_!.tigs of the air dry fertiliszer were weighed to one milligram and added
to 0O ce. of water in a 550 cc. glass bottle., These bottles were then stoppered
and shaken for six hours in a shaking machime. Preliminary work had shown that
t#o hours shaking was sufficient to attain 2 maximum content of soluble fluoride
in the extraet, but six hours was allowed Por shaking in order to insure eanpleée
egquilibrium., After shaking, the solutions were filtered and placed in stoppered
bottles. Aliquots of the solutions were nused to determine the freezing peoint
depression by the usual Beckman thermometer methed, the pE walue by the quin-
mydrene electrode and the soluble fluorinme content by the method proposed by
Willard and Winters. All these determinations were made in duplicate. Jars con-
taining "riag dolls® were set up as before and 200 cc. of solution were added to
each, The germination test was run simllar to and concurrently with that of the

pure fluorine compounds so that comditions of temperature, etc. were the same
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for both experiments. Table 3 gives the resulis of the tests.

A glance a% Tablo 3 is sufficient to show that superphosphate B was
more toxle then the 20 per cent superphosphate which in turn was more toxle
than superphosphate A. The injury to germination produced hy the solutions
from 20 per cent superphosphate increased with an increase in gencentration of
soluble fluoride. The ssme holds true for euperphosphate A and superphosphate
B. Buil, as might be expected, the acidity and ommotic concentration also in-
ereaged with incressing amomnts of fertiliger. In fact, the question might de
raised whether or not the toxicity was entirely due tn rhese last named factars.
To answer this question one treatment was selected in which the values of these
Tecters ware the leasgt, In the cese of superphesphate B eme gram of fertillzer
per 100 cc. of water gave a freezing point depression of only .19°C which core
responds t0 an osmotic value of 2.28 atmospherss. Shive {11) abtained as good
germination in selutiens of 8.0 atmospheres ss he did with the control cultures.
The author found in further work viﬁz €. P. amnoniun snlfate and potessium chloride
soiutions that corn sesds could germinate at much higher ocamotic concentrations.
Perfect zermination wae obiained in solutions of ammonimm sulfate having a freezing
point depression m% as 1,400, ¥or potassima chloride the limit waes still

w, being 1.829¢.

The pH of the superphosphate solution wmder discussion happens to coine
cids with that of the solmtion used by Salter and McIlwvaine on corn in which
they obtained no reductien in germimation. Also the slightly greater acldity of
the four gram solution of superplosphate A dld not produce such toxicity. The
flworine content of the solution from superphosphate B was 154 parts per millionm.
The per cent germination was approximately the same as thot in 100 parts per

million of fluorine as hydrezen flusride (Table 2). It mmst bde trus,
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therefore, that the toxicity of the fluorine in the saperphosphate is medified
Yy other factors.

A comparison of the solution of superphosphate B having two grams
of fertilizer per 100 cc. with that of 20 per cent superphosphate having four
grams per 100 cc. of water shows that the osmotic values and acidity are practi-
ceally the same, and that toxicity to germination wvarles directly with the flu-
orine content, Rach of these solutions, however, was less toxic than corresponding
selutions of hydrogen fluoride., In the three mentioned cases the pH of the solu-~
tion was higher than that of the correspending hydrogen fluoride solmtions. The
solutien of 20 per cent superphosphate containing 12 grams of fertilizer per 100
cc, conitained 200 paris per nﬁllioa of fluerine and f1ts acidity is practically
the same as the hydrogen fluoride solution of that strength, The injury to
gorninntion in this case is slighily greater than that of the hydrogen fluoride
solution. It appears, tm. that the toxicity is fawored by high acidity. This
conclusion is further smpported by the fact that hydrogen fluoride proved more
toxic than sodium fluoride.

Had gsuperphesphate A been omitted from the experiment the explanation
of Table 3 and some later experiments would have been greatly simplified for
its injury to germipation is much less than would be expected from its solubdle
fluorine content;-. There were, however, three major differences between this
fertilizer and the other two fertivlizers. The acidity was less and the solubdle
fluorine was less for a given weight of avallable P205 than in the case of the
other two feriilizers. Superphosphate A also contained a small amgount of copper
as shown by gqualitative snalysis of the material, No trace of copper was foumd
'i.n the other two fertilizers. There is need of further investigation to deter-
mine the exact cause for the lower toxicity of superphosphate A.

The time required for germinatlon in the varicus solutions 1s given

in the last columm of Table 3, Increasing smounts of fertilizer caused greater \'\



retardation of germination., PThe degree of retardation was not wholly controlled
by osmotic concentration, but was affected by other factors as well., FNo doubt

the fluorine content played some part in retarding germination.
HEDUCTION OF TOXICITY OF SUPERPHOSPHATES BY THE PARTIAL REMOVAL OF FLUORINE

Although the results of the foregoing experiments indicated that soluble
fluorine was responsible for the toxicity of the investigated superphosphates te
the germination of corn, an exact interpretation of the resulis was complicated
by the influence of other factors which may have had some effect on germination.
. An attempt was made, therefore, to remove the soluble fluworine from the super-
phosphate by a method which would cause the least possible alteration of the
phyelcal and chemical properties of the superphesphate used. For this purpose the
volatilization method seemed best adapted because it did not require the addition
of any foreign substance except water and, fortunately, the fluorine distilled
over at a low temperature (120°C) which removed only a trace of phosphoric and
sulfutic acid,

Twenty~-four grams of superphosphate B was accurately weighed into a
400 cc. Ehrlemmeyer flask and placed in a constant temperature oven at 1350c% 20,
The stoppered flask was connected to a water-cooled condenser on the outside of
the oven by means of glass tubing., The superphosphate was alternately wetted
and dried by the addition, through a capillary tube, of approximately 10 cec.
pertions of dlstilled water followed by several hours of drying at 135°C. The
distillate was received in a suitable container. During eight days of alternate
wetting and drying 225 cc. of distillate was obtained. The hard cake of super-
phosphate formed by this procedure adhered to the flask so strongly that removal
was not attempted, but the flask as well as 1ts contents was broken up in a
morter, placed in a 550 cc. bottle, 400 ce. of distilled water added, shaken for

eix ours, and then filtered. The physical appearance of the fertilizer after
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shakxing did not seem %o b different than that of the original supsrphosphate.
The filtrete and the distillate from the superphosphate were analyzed and used
for germination tests as in the preceding experiment.

Table 4§ shows that all of the soluble fluorine was not removed from
the superphosphate by this method, but it was greatly reduced in quantity. The
reduction in soluble fluorine content was accompanied by a deerease in the
toxicity of the superphesphate. The distillate from the superphosphate, on the
other hand, was highly toxic to gevmination., Phig toxiclity, me doubdd, was due
to the high comcentration of fluorine which muast have bBeen in comdbination as
hydro-fluosilicic acld decause of the method used for separation. The osmotic
coneentration of the dlstillate was mach too wmmall te have an appreciable effect
on germination, and it has been shown in Table 2 that 072 ¥ HoSOl having a
pH of 1.43 was not as toxic as this distillate which had a pH of 1.89., Hence,
the toxicity nust have beem dus éMiefly to the soluble fluorine present.

EFFECT OF SOME SOILS OR TOXICITY OF FERTILIZER SOLUTIONS
T0 GERMIKATION OF CORN

Results obtained with solution culturee are often guite different from
those cbtained 1f the solution is added to the soil. The soil usually reduces
the toxicity of solutions and may completely overcome it. An experiment was
run to determine if this were true with fluworine in fertilizers., If the solution
Bad been added $o the soll the pessibility of determining the effect of the soil
en‘ soluble fluorine would have been eliminated due to lack of suitable methods
for extracting the soil solution. Therefore an intermediate method was chosen,

. Solutions of superphosphete B were made as the selutions given in
Pable 3 except that 50 grams of soll (oven dry basis) ware added for each 100 ce.
of water used. The procedure for shaking, analysis, and germination was the
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same as before. The germination tests ran concurrently with those of the afore-
mentioned solutions. The results are given in Table 5,

The addition of soil %o the solutions cmueed a marked reduction in the
soluble fiuorine content and in the acidity. This effect wes accompauied by a
great change in the toxicity of the fertilizer., More than twelve times as much
saperphosphate B with soil added was required to produce the same degree of
toxicity obtained when one gram of superphosphate B wam used without soll (Tabdle 3).
The reduction im fluorine cemtent, no doubt, is due to the formation of imsoluble
calcium fluoride which aceording to Table 2 1s not toxic te germinatioan of corn.
Brookaton loam was more effective than Miami silt leoam in reducing the soluble
fluoride content of the solution. The ommotic wvalue of the solutions was not
greatly changed. The retarding effect of the solutions is shown in the last
column of Table . Six grams of superphosphate B plus soll appeared to hasten
germination, ut the more concentrated solutionz showed a retarding influence on
_the germination.

KELATION OF FERTILIZER PLACEMERT TO GEBMINATION
OF CORN 1IN POT BXPERIMENTS

Having determined that soil wes effective in overcoming the toxleity
of the superphosphates to corn, experiments were run in the greenhouse to investi-
gate the toxicity of the fertilizers when placed In the soil with the sesd. Two-
gallon glazed jars were used, containing soil made up to definite molisture cen-
tents using 7000 grams of alr-dry soil in the case of Brookston leam and 3000
grams in the case of Miami and Fox scils.

he rate of applicatior of fertilizer wes based upon a hill application
in a eirecle three inches in diameter with the corn planted in check rows three

end ope-belf feet apart, By this method only 1/250 of the total area is covered.
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Hence, an application of 25 pounds per acre im the hill equals 25 times 250 or
62%0 pounds per acre broadecast for the area covered.

25 1bs,/acre in bill = 6,250 1lbs./acre broadcast
50 1lbs./acre in Bhill

12,500 1bs./acre broadeast

100 1bs./acre in hill = 25,000 lbs./acre broadecast

200 lvs./acre in b11l = 50,000 lbs./acre broadecast

400 lbs./acre 1n Bi1l = 100,000 1lbs./acre broadeast
The fertilizer was applied with large salt shakers, covering the entire cross
section of the goil at the bdroadcast rates noted. IFifty seeds were planted per
Jar at a depth of two and onme-balf inches. The jars were made up to weight
every other day by adding water to the lower seil through a glass tudbe placed
through the center of the soil column,

An experiment was conducted io determine what effeet placing the
embrye against the fertllizer would have upon germination as compared to the
same treatment with the endosperm toward the fertilizer. Corn was planted on
Miami 211t loanx at ten per cent moisture content, using 20 per cent svperphosphate
in contaect with the seed. The placements and results are given in Table 6.

Since the water was added to the lower part of the soil column the
movement of moisture in the soil was predominantly upwerd as 1t would be ir the
field 4if no rains occurred during the time for germination, Under these conditions
the fertilizer below the seed was injurious to germination of corn regardless of
whether the fertiligser was in contact with the embryo or the endosperm. The
fertilizer zbove the seed produced greater injury when the embryo came in conﬁct
with the fertilizer than when the endosperm did. Plate 1 shows these jars twelve
days after the seed was planted., Similar results with regard to facing of the
embryo of the corn kermel toward or away f¥fom the fertilizer were obtained by

coe, using Amme-Phos in contaet with the seed. The experiment indicates that when
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the diffusion of the fertilizer takes place in a direction away from the seed
& fow millimetors separation of seed and fertilizer may make a profowmd dif-
ference in the per cent germination for when the fertilizer was above the seed
in contact with the endosperm gormination was much better than when the embrye
was exposed teo the fertilizer,

IAFLUENCE OF SOIL MOISTURE ON POXICITY OF FERPILIZERS T0 GERMIEATION OF CORN

Troog and Ms co-workere (13) found that the injury to germination
of corn caused by a complete fertilizer wvaried imversely with the moisture con~-
tent of the soll., An experiment was conducted to determine 4if the same were
tree for superphosphates. Jars of Hiami silt loam were made up to definite
molsture content. The fertilizer was applied beneath the seed in contact with
the embrye. Superphosphates A and B and 20 per cent superphssphate were included
in this experiment. The mt of fertilizer used in the case of the more con-
»mt‘rgm.carrinra was wach that an eguivalent amount of available P2°5 was
uged in all three sets of pots. Watering was accomplished in the same manmner as
before. Dally counts were made of the namber of plants emerging from the soil
and from these the weigzhted mean for time of emergence was calculated, Teble
7 contains these results.

The data show that germination was both retarded and veduced by a
decrease in soll moisture content, Similar resulis were obtained by using Breck-
ston loam at 20 per ceat and 15 per cent soil moisture content., Due to the
nature of the experiment reliable chemical anzlysls of the solution ceming in
contact with the seed was impossible but from the laboratory results certein
suppositions seem Jjustified., The lower molsture content of the soil probably
resulted in a Mgher concentration of soluble material including fluorine at
the sarface of the seed, Alse, no dombi, there wses a slower rate of reactién

detween fertilizer and soll at the lower meisture content than at the higher one
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for diffusien in the soil was probably slower. The combination of the two
conditions named should have favored a higher soluble fluorine content as well
as a higher cmmotic concentration in the dryer soil resulting in retardation
and inhibitien of growth,

PYDSPEATES WITH SOILS VS. DIRECT CONTACT
WITH SEED OF GERMINATION

An experiment was set up to determine the effect on germination of
mixing the superphosphates with the soll as compared to the placement of the
same In direct contact with the seed. The jars for the direct contact treat-
ments were made up as before placing the fertilizer below the seed in contact
with the embrye. Ian the jars where mixiag of fertilizer with the soil was
desired, ene kilogram of alr-dry soil was mixed with the fertilizer, brought
to the desired moistuare content, and placed in a layer over untreated moist
soil, In this layer the corn kernels were planted. The layer of fertilized
s0ll was approximately one Inch thick and was covered by a layer of unfertilized
soll. Three solls were used--Brookston loam at 20 per ceat moisture conteant,
¥iami silt loam at 15 per cent moisture content, and Feox sandy loam at 12 per
cent moisture content. The moisture content was approximetely ocne-half of the
moisture Bolding capacity. The results of the experiment are recorded in Table
8.

By mixing the fertilizer with the soil the toxlcity of the fertilizer
was almost completely overcome except in the case of the heaviest application
of the 44 per cent superphosphates on Fox sandy loam. More than sixteen times
as smch fertilizer could be applied without reduction in germination by mixing
with the soil than when the fertilizer was used in direct contact with the seed,
¥hen the superphosphates were in direct contact with the seed the reaction

between 201l and fertilizer was not complete encugh to overcome its toxicity.
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It was supposed that the soil type misht play an important part inm
the ablliity to overcome toxieity. Except for the heaviest application on Fox
eandy leam, the results are rather mnconvincing, The direct comtact resalts
indicate that reaction between soll and fertilizer was not sufficient to pro-
duce significant differences whoreas the reaction bteiween the mixed soil and
fextilizer was great enough to evercome toxiciiy im the majority of the cases.

The lewer toxicity to gemmination of superphosphate A is again brought
out in the direct contact treatments of Table 8, The difference betwsen the
toxieity of superphosphate B and 20 per cent superphosphate, however, was dimin-
1shed as compared to the toxleity preduced as shown in Table 3, This can be
agcounted for by the fact thal a greater weight of dry fertilizer was used in
the eage of 20 per cent superphosphate which mumst have reduced the moisture
content in the immediate vicinitly of the seed.

Increassd retardation of emergence of corn occurred with inereasing
amounts of fertilizer. The seed in soll mixed with fertilizer came up 1.3
days earlier ss an average than when the same rate of application was applied

in direct contact with fhe sesed.

TPOXICITY OF FERTILIZERS TO GERMINATION OF CORN
IN FPIELD EXPERIMENTS

The final expseriment with reaspect to toxicity of superphosphates was \
comducted in the field. 'The fertilizer was applied im the M1l in a circle

three inches in dismeter and the seeds planted in direct comtact with the ferti- |

iizer, using amownts of the 4l per cent fertilizers equivalent in P2(35 content
to the amounts applied in the 20 per cent superphosphate epplications, PFer
sach treatment tem hills were planted with five kermels of corn per hill., Samples

of soil were taken at the time of planting oa which molsture comtent and pH

\v \\
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ware determined. Emergence counts were made at 12 and 21 days from date of
planting. The final emergence is given in Table 9,

The results of the greenhouse tests are confirmed by the field tests.
There was a marked difference Pproduced by facing the embrys toward or away
from the fertilixer. The low moisture conteni probably accounts for the lower
per cent germination on Hillsdale sandy loam, Superphosphate A proved less
toxic than superphosphate B or 20 per cent to germination. The per cent germination,
bowever, was mmch higher "in the field experiment than it was in the greenhouse
experiment. This may be due, in part, to the fact that only a circular area
three inches in dismeter was covered with fertilizer wheress in the Jars in the
greenhouse the sntire cross seetion of the jar was covered. The plants that
grev showed a marked tendency to send the roots through the seil beyond the
fertilizer rather than through the fertilizer. Marther comparison of per cent
gormination between the greemhouse and fleld tesis scarcely seems justified
bacause differont solls were used having different moisture contents and the
climatic enviromment was entirely different,

SUMMARY
1

In this investigation (1) laborstory, greenhouse, and field experime‘nté\
have shows that the superphosphates investigated were capable of exerting a
toxic influsnce on the germination of corn due to their content of soluble
fluarine; (2) the soils used in the experiment were effective in reducing or
overcoming the texicity provided that sufficient reaction took place between the
goil and the fertilizer., These two facts furnish a satisfactory explanation
of (3) the high toxicity of superphosphates when placed in direct comtact with
the seed and also (4) the reduction of this toxiclty when the superphosphates
wore mixed with the soil. {5) Corn was found to be quite variable in its sus-

ceptibility to fluorine injury. (6) The facing of the embryo of the seed toward
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the superphospbate resulted in greater reduction in germination of corn than
when the position of the kernel was reverssd, provided that the fertilizer
diffused away from the seed, (7) There was considerzble difference in the
amovnt of injury produced by the three smperphosphates investigated. PFurther
research is needed to determine the effects of nitrogen and potash carriers

on ths soluble flusrine content and toxicity of the superphosphates ia mixtures

of these fertilizers.



REFERENCES

1. Alltleon, P. E, 1918, Studies with ammonium phosphate, Soil Sci. 5: 6

2. Bekorny, Th. 1913. PYber den Einfluss verschiedener Substanzen auf die
foiuﬁg der Pflanzensamen., Biochemische Zeltschrift, 50:

3. Claudel and Crochetelle. 1896, Influsnce de quelques substances employees
' conme eéngrals ‘sur la germination. Ana. agron. ¢ XXXI p. 131,

4, Coe, Dana G. 1923, W“Ammo-phost: Ite effect upon seed germination and
plant growth. N. J. Agr. Exp. Sta. Bul. 375.

5. Jasod, K. D., and Reynolds, D. S. 1928. The fluorine content of phosphate
rock, Jour. Assec., Off. Agr, Chem, 11; 237 - 250.

6. Marshall, H. L. et al. 1933. Factors affecting the phospboric acld-phosphbate
rock reaction., Jour, Ind. and Eng. Chem. 25: 1253,

T. EReports of Committee on Fertilizer Placement of National Fertiliger Assoc-
fation, Washington, D. C. 1825 - 1933,

8. BRost, C. 0. 19350. Effects of superphosphates upon the germination of corn.
Jour. Amer. Soe. Agron. 22: 498 - 507.

9., Rudolphs, ¥, 1921, Effect of salt solutions bhaving definite osmotic con-
centration values umpon absorption by seeds. 3Soil Sel. 11:

277~-293.

10, Salter, R. M., and McIlwaine, T, C. 1920. Effect of solutlon reaction on
gormination and growth, Jour. Agr. Res. 19: 73«96,

11, Shive, J. W. 1916. Effect of salt concentration on the germination of
seeds. N. J. Agr. Exp. Sta. Ann. Rpt. W55-U57,

12. Sigumnd, Wn. 1896. Uber die Einwirkung chemischer Agentien auf die Keimung,
Landw, Versuchg-Stationen XINIX: 1 - 58,

13. Trueg, B. et al. 1925. Fertiliger experiments. Wisconsin Agr. Exp. Sta.
Res. Bul. 65.

1. Pall, Jethre, 1733. Herse Hoeing Husbandry. London,

15. Vincent, 1898. Absorpiion des dissolutione mutritives par le grain
de ble. Ann. des Sc agronom 2 serie 4 amnie t II.

16. Wllara, H. H. and Winter, 0. B. 1933. Volumeiric method for determination
of fluorine, Jour. Ind. and Eng. Chem. Anal. Ed. 5: 7.



ease in Weight

Per Cent Iner

A
o

n
Q

PER CENp INCREASE 1y WEIGHT oF CORN SEEDS
PLANTED 1y MOIsT FERTILIZER

12

2y
Number of Hours Immerseg

320

- 20% P205

Lug P305

KC1
(38 )50y,



RELATION OF FERTILIZER PLACEMENT TO GERMINATION OP CORN

PLATE 1

208 superphosphate on Miami slit loam at ten per cent moletore content.
Fertiliser was placed above the seed.

C — No fertiliser

1 12,500 1lbe/acre in contact with endospem

2 — 12,500 1Ibs/acre in contact with embiy©
— 2Jf000 1bs/acre in contact with endosperm

«» 25%000 1bs/Acre in contact with embryo



Table 1

Per Cont Germination of Corn after Immersion in Fertiliger Materials

Nunber of hours immersed
:Concentration:pHof : 1 : 3 : 6 :12 : 24 ;

-

Treatment, Substance : of Meddum - :Medimmi Per Cent cormination
1§ E0 (dtstillea) S N T
2 ;(l&)asﬁhiam'l) ; Paste 4,23 - z - -»- 93:85 :ss
3 iEel (eom'l) P 690 s mm t et =t BMITT 165
% | Superphosphate 20f P20 ; L 2ME 67271 T+1t0 £ 0
5  Superphosphate B 44f Po05, 2418652819500 30
6§ . ca (EmPoy)2 C. P. P E 156 1 = am i met —iO) fes
7 HzPOY : 0a 4 ! 1.6 bamt - et -:99 -
§ | Eock phosphate & B0 ;5 gn,/300 ce.; 7.16 : - -3 =t 1] tem
9 . HoSoy D OOMNIE 1 1201 — t o= g —i =195 iem
10 | Hock phosphate & .LMZY 5 em./100 08ut 1.86 3 mm § om § omi wmf O jem

: HaS0n : 3 : :

(a) Average of 10 determinations of 100 seeds each
Standard deviation = 1,124



Table 2

Influence of Some Fluorine Compounds on the Germination of Corn

: Days for

Polar Dent : Ptekntt’n Dent : Germination
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PPN
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Table 3

Per Cent Germination of Corn in Fertilizer Solutions

tFreezing:

Fertilizer m point : pH .ppm sal@le:ﬁgafcfm;::;z::s: :yr:if-r
:1965@320 il,ewer!.ag: fluorine :mt Dent .: ation
cmex D L= el = esl owa 2
Superphosphate 206 : M i .30 2.935: 17 51 . 8 . 2.8
{8 1 .53 2.5: 12 i3 : W . 3.6
: 12 : oTH :265 200 : 7 b1 3.95
i 16 91 22.59 243 1 3 5.00
, 20 ;1.01 22.512: 270 0 : 1 5.00
Superphosphate A Wi Y 52 :2.933 147 91 96 2.30
: g : 1,00 :2.81 173 ™ 93 3.00
12 1.3% :a.'{& 21h 64 68 3.85
16 1.66 :a.es : 256 1k = 30 4,20
20 ;1.95 266: 327 ; 3 3 : L.85
Superphosphate BYY : 1 i .19 :2.96: 1% 152 : 69 ! 2.6
: 2 .30 :2.91 263 : 22 33 3.80
: 3 X3 ::2.8‘[ : 385 ;12 ;10 3.95
4 .53 :2.sh: 513 1 5 4.80
P 5 i .64 i282: 6 1 0 : . 6.80
Y6+ .7 277 a 670 o :



Table 4

Reduction of Toxicity of Superphosphates by the Partial
Removal of Fluorine

s : Freesing : s ¢ 1% gormination
Treatuent : & fert: point ¢ pH: ppm :Polar:Picketts
1100ceH20: depression: :fluorine: Dent: Dent
3 3 : 3 2 :
: : ] : : H
Cheek 'R + I S jummee : —== 98,5 : 99,2
: : : 3 s :
Superphoepbate B : 6 : .11 2.77: 610 :0 : ©
{anheated) H : t t : 3
Superphosphate B : 6 : .59 12,22 1 133 56 ; 61
(heated) : s _ : : : :
Distillate from H - 1 05 1,89 : 1035 :0 : O
heated fertilizer : : H : H :
z : s H : :



Pable 5
te Germination of Corn

Effect of Soils on Texlcity of Fertiliser Solutions
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Pable 6

Relation of Fertilizer Placement to Germination

of Corn in Pot Experiments

Placoment of Fertilizer : % germination

:12.':@ 1bs/a : 25,000 1bs/A
Ko treatment : 98 s 100
Fertilizer below seed in contact with embryo 18 i 0
Fertilizer below seed in contact with amspem: 14 : 12
Fertilizer adove seed in contact with embrye i 1k 10
Feriiliger atove seed in contact with and&spem: 82 b2

: 1



Table 7

Influsnce of Soll Moisture om Toxicity of Fertilizers

to Cermination of Cern
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Table 8

Effect of Mixing Fertilizer with Solils on the Toxicitiy of Fertilizers

to the Germination of Corn
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Table 9

in Fileld Experimonts

Toxiefity of Fertilizers tc GCermination of Corn
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