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In the pest few years there has been e sharp increase in the pro-

duction and use of chemical fertilisers in the field of agriculture.

This has taken place because of increased technology in the fertiliser

industry and the increased need for the addition of plant nutrients to

the soil to obtain maxtumw yields of crops.

With the increased use of chemical fertilisers the proper place-

sent of these fertilisers has bacons an important factor in obtaining

ssTlawi effectiveness of the fertilisers used.

This investigation was a study of one type of fertiliser place-

sent and its effect upon the germination of seed.

ATOU OF tlTSUTOtt

Ayers (1) states that an appreciation of soil moisture stress is

neoessary for adequate evaluation of the effects of soil moisture and

soil salinity upon the germination of seeds. For s seed to obtain

water from the soil, two main groups of forces must be overcomes

(1) the surfsee force action of the soil particles which accounts for

the moisture retentive properties of the soil and which is usually

referred to ss soil moisture tension} and (2) the osmotic fores action

which is due to the dissolved materials in the soil solution. Inves-

tigations at the Salinity laboratory (7, 8) have shown a high corre-

lation between the sum of these two forces, soil moisture stress, and the

growth of s number of plants. Soil moisture stress is a measure of the

•availability of soil water, 1* and it logicslly follows that the factors

which affect it should also affect the germination of seed.



Shive (5) investigated the effect of different salt concentrations

on aeed gemination. These salt oonoentrations reduced the amount of

water that oould be absorbed by the seed. This in turn retarded its

germination. He stated that germination may not necessarily be prevented

by high salt concentrations, but it may be retarded. This retardation is

directly related to the reduction in the amount of water absorbed by the

seed, which in turn is dependent upon the concentration of the soil solu-

tion.

Ewert (3) reported that if wheat and superphosphate were placed

together in dry soil, germination was affected. The germination was even

more seriously affected where there was a small amount of free moisture

present in the soil at the time of planting and a drying period followed.

Mien the superphosphate was placed one to three inches below the seed

and rapid germination took place, the fertiliser Instead of injuring the

seed car seedling increased the growth and the yield.

Investigations by Olson and Ereier (4) in both the field and in the

constant temperature laboratory suggest that it is a low moisture level

at which the most serious damage of fertiliser salts to germination occurs,

but full germination is not assured at any soil moisture level without a

surface increment to leach fertiliser salts away from the aeed. In general,

nitrogen materials are more detrimental per unit weight than potassium

materials, and the latter more than phosphate. Experimental data showed

that damage to germination under critical soil moisture is apparent at 10

pounds of nitrogen per acre, increasing to the point of stand elimination

with 160 pounds of nitrogen per acre. It was also shown that fertiliser

and seed need not be in immediate contact for germination inhibition, as

evidenced by appreciable migration of nitrogen and phosphate to the



imbibing

In an experiMont conducted at Kansas State Collaga in 199$ and '5©

by Smika and Smith (6) the effects of fertiliser on gemination of seed

Mare studied under both greenhouse and controlled humidity conditions.

In the greenhouse investigations three gemination media ware used)

soil from the Agronomy Farm, Soil from Ashland Agronomy Farm, and washed

fine send. The fertiliser was applied at ratea varying from 20 to 80

pounda per acre.

In the controlled humidity study the soil from the Agronomy Farm,

with various moisture contents, was used. The fertiliser was applied at

rates varying from 10 to 40 pounds per acre.

The greenhouse trials indicated that irrespective of the germinating

media or the way the treatments ware applied there generally vas a delay

In the date of both the Initial germination and the final date on which

mailww gemination was achieved.

Biuret, which may be present in commercial pelleted urea, caused

marked damage to the germination of wheat. Damage increased as the

percentage of biuret in urea increased.

The trials under controlled humidity indicated that the amount of

soil moisture present had an effect on the germination of wheat aeeds when

fertiliser was present. Damage increased as the soil moisture decreased.

In en experiment conducted in 1950 on two highly calcareous clay soils

In Texas, Collier (2) reported that ammonium nitrate (33*5 per cent N),

when applied with the seed at the rates of 0, 100, 200 and 300 pounds par

acre, reduced both the stand and yield of corn.

Muriate of Potash (60 per cent X20) applied at the rate of and 100

pounds per acre reduced the stand only slightly on one soil and did not



reduce yields significantly on either soil type.

Superphosphate (20 per cent P2O5) applications of 0, 150, and 300

pounds per acre had practically no effect on the plant population and caused

small but significant increases in yield on only one soil type.

The results of this experiment were compared with the results of a fer-

tiliser-spacing experiment in which the fertiliser was applied three months

before the planting of the seeds. In comparing the data, Collier concluded

that only a small portion of the reduction in yield resulting from fertilis-

er applications with the seed may be attributed to the reduction in plant

population. The major portion of the yield reduction is the result of re-

tarded emergence and the reduced seedling and plant vigor caused by

excessive concentrations of salts from the fertilizer materials.

MATERIALS AMD METHODS

Description of Soil Used

The soil for this experiment was obtained from the Agronomy Farm of

Kansas State College located at Manhattan, Kansas. It can best be described

as an alluvial soil with a light silty clay loam profile. The slope upon

which this soil lies is from one to two per cent and it is well drained.

Determinations of the moisture equivalent value and the wilting coefficient

were made. The results of these and other determinations are tabulated in

Table 7 in the Appendix.

Experimental Procedure

Germination trials with wheat were conducted in small porcelain pans

which were approximately four inches deep and between seven and eight inches



In disaster. The seeds ware planted In a circle union had a dianeter of

five inches and a circumference of 19.7 inches. Assuming the use of a

grain drill with a space of seven inches between rows, this length (15*7

inches) was equivalent to 0.0000174 acres. A planting rate of approximately

five peeks per acre was used. It was calculated that between 20 and 25

seeds would be needed for each individual pan. Twenty-five was the number

used. This allowed for easy computation.

Two fertilisers, ammonium nitrate (33.5-0-0) » and muriate of potash

(0-0-60), were applied at five different rates, 20, 40, 60, 80, and 100

pounds per acre of actual nutrient element constituent (N or Z^O). Control

cultures to which fertiliser was not added were included for each trial.

Thus, the equivalent of six treatments was employed.

The equivalent of 750 grams of oven dry soil were placed in each pan.

This soil had previously been brought to the desired moisture level. In a

furrow about 3/4 Inch deep and fivs inches in diameter, the seeds (Ponca

wheat which had a germination of 95 per cent) and the appropriate amount of

fertiliser were placed. These were covered with soil and a slight amount

of firming was accomplished to insure intimate contact between the seed and

moist soil. Duplicate trials of a given portion of the experiment were con-

ducted simultaneously.

After the planting operation, the pans were placed into a germination

chamber. This was a sheet metal box, three feet wide, four feet long, and

one foot deep. A false bottom in this box allowed for the retention of a

layer of water below the pans. This maintained the relative humidity near

the saturation point. Thus evaporation of soil moisture was largely pre-

vented. This germination chamber was kept is a constant temperature room

at a temperature of 26tl° c.



Seed germination was allowed to progress until no more seedlings

emerged. Later these values were plotted so as to portray rate of

emergence

.

The germination chamber held 24 pans. This permitted inclusion of

one complete set (two replications) of each fertiliser substance.

Six trials were conducted during the course of the investigations.

These were done with moisture percentages of 30, 25, 20, 17, 12 and 10

and were started on May 15, February 21, April 10, March 10, June 18

and August 9, 1958, respectively.

Relative germination for each treatment for each day was calculated

as a percentage of the control. These were converted to arc sin[fpercent-

age. Analyses of variance were made on these values. Variations

among treatments were detected by use of the values for least significant

difference.

RESULTS AID DISCUSSION

Trial I.

This trial was conducted with both muriate of potash and ammonium

nitrate treatments. The soil contained 30 per cent moisture which corre-

sponded very closely to the moisture equivalent value of this soil.

The muriate of potash treatments caused very slight differences in

Ponca wheat germination. Only on the third day after planting were these

differences significant. All treatments (20, 40, 60, 80, and 100 pounds

per acre of K20) were significantly lower than the check and applications

of 80 and 100 pounds per acre produced germination significantly lower than

did applications of 20 and 40 pounds per acre (Table 1, Plate I, Appendix).



The ammonium nitrate treatment* had somewhat greater effect upon

germination than did the muriate of poteen treatment* of comparable appli-

cation rate*. The ammonium nitrate treatment8 not only delayed germination

longer than did the muriate of potash treatments but also caused a greater

reduction in the final germination percentage.

Treatment six (100 pounds par acre S) reflected significantly less

germination than the control from the third through the eighth day after

planting, then this difference disappeared. Treatments fir* and six did

not differ significantly. Treatment fir* (80 pounds 11 p*r acre) had sig-

nificantly lea* germination than the control from the third through the

fifth day*. The Application of 80 pound* of nitrogen par acre also caused

1*** germination than did the application* of 20, 40, or 60 pound* per

acre on the fourth and fifth day* after germination. Treatment three and

four (40 and 60 pound* of B par acre, respectively) had significantly less

germination than either the check or treatment 2 (20 pound* of N per acre)

for the third and fourth day* after planting.

The satistieal analys** for both the ammonium nitrate and muriate of

potash treatment* revealed significant variations among treatment* at the

.01 level. Likewise, the variation between days were significant at the

•am* level. There was no indication of a significant interaction between

day* and treatments (Table 1, Plate II, Appendix).

Trial II.

Trial number two like trial number on* waa conducted using both muriate

of potash and ammonium nitrate treatments. A soil moisture content of 25

per cent waa used.



The three heaviest rate* of application of muriate of potaah (100

pound*, 80 pounds, and 60 pounds par aera of IgO) raaultad in significantly

last germination of wheat than occurred with control cultures and either

treatments two or three (20 or 40 pounds par acre of K20) • Us* of 100

pounds of &2 did not produce significantly lass germination than did use of

80 pounds. It (100 pounds par acre) reduced germination significantly mora

than 60 pounds of Mgp only on the fifth day. The reduction in germination

caused by 80 pounds of KjO was significantly greater than that caused by

60 pounds for the fifth sad sixth days after planting. Applications of 40

pounds of *2° par acre reduced germination significantly below that which

occurred in the control cultures and la those to which 20 pounds of K^O had

been added only on the fifth day after planting. Treatment two (20 pounds of

&20) did not hare a significant influence on germination whan compared to the

control (Table 2, Plat* III, Appendix).

The two hoariest rates of application of ammonium nitrate (80 and 100

pounds of 1) caused significant losses la germination la all oases whan

compared to the cheek. On* hundred pounds of nitrogen reduced germination

more than 80 pounds for the first 13 day* after planting. Similarly

application of 80 pounds of nitrogen reduced gemination mors than 60

pounds of nitrogen through the first twelr* days of germination. The same

level of added nitrogen (80 pounds per acre) radased germination more than

either 20 or 40 pounds of nitrogen during the first 14 days of experimentation.

The effect of 60 pounds of nitrogen was greater than that of lower rates of

nitrogen until the eighth day, the effect of 40 pounds of nitrogen was

greater than that of lower rates up to end including the sixth day. However,

use of 20 pounds of nitrogen had no effect at any time.



According to the analysis of variance, the effects of treatments, days

and the interaction of theae two aaob produced significant offeats at the

.01 level (labia 2, Plata 17, Appendix).

Trial III.

Tfaa aoil used in this investigation contained 20 per cent moisture.

Again both muriate of potash and sisaoniisi nitrate were used as the fertil-

izer treatments.

Applications of 60, 80 or 100 pounds of K2O reduced germination signif-

icantay at all tinea when compared to the check. Use of 100 pounds of K2°

reduced germination between the seventh and ninth days whsn compared to 60

pounds, but thereafter this effect did not prevail. This heavy treatment

also had significantly leas germination than either 20 or 40 pounds of KgO

up to and including the 12th day but after that the difference was inaig-

nlfleant. Application of 30 pounds of potash resulted in lower germination

of wheat than did use of 60 pounds up to the 14th day and whsn compared to

the lower rates it resulted in significantly leas germination throughout

the period. Sixty pounds of X^O lowered germination significantly whan

compared to 40 pounds per acre only through the tenth day. The application

of 40 pounds decreased germination more than did the use of 20 pounds of

KgO for the fourth and fifth days only and it reduced germination below the

check until the eighth day. Germination on the treatment receiving 20 pounds

of KjjO was significantly below the check until the sixth day (Table 3,

Plate V, Appendix).

JSrery rate of applied nitrogen except the lowest (20 pounds per acre of

H) resulted in significantly less germination than the control. Various

rates of application resulted in significantly less germination than certain
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low rates. Qt»e-hundred pounds of nitrogen reduced germination acre then

20, 40, or 60 pound* did and in the final analysis (last three da/a of trial)

it resulted in laaa germination than ooourrad with 80 pouoda. Applications of

80 pounds par aora of nitrogan raduoad garaination nora than applications of

20, 40, or 60 poonda par aora. Treatment number four (60 pound* par aora

of 1) produced germination that wars significantly lover than traatnant three

(40 pounds of 1 par aora) until the 18th da/ and lower than those of traat-

nant two (20 pounds per acre of I) throughout the period. Applications of

40 pounds per aora resulted in eignificantly lower garaination of wheat than

did applications of 20 pounds par acre through the period. Twenty pounds

per acre caused a significant reduction in gemination whan compared to the

check only until the eighth day.

In the analysis of variance it was found that the effect of treatments,

days and the interaction of thass two each produced eignificant effects at

the .01 level (Table 3, Plata VI, Appendix).

Trial If.

The moisture level of the soil for this trial was 17 par cant. The

fertilisers that were applied were muriate of potash and anmonium nitrate.

(fee-hundred pounds of K (supplied by muriate of potash) caused sig-

nificant reduction* in germination when compared to each treatment through

the first twelve days, and was eigniflcautly lower than the check for thirteen

days. Eighty pounds of tjO was never significantly more harmful than 60

pounds hut it caused greater delays in germination than any of the other

treatmente (0, 20 or 40 pouade per acre of ^0) for the first eleven days.

Applications of 60 pounds of KjO resulted la significantly lower germinations
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than did application* of or 20 pounds for the first ton days. It vu

significantly lover than 40 pound* par acre only until the eighth day.

forty pounds of igp par asr* caused significantly lass germination of wheat

than did or 20 pounda par acre only on the sixth day. The 20 pound appli-

cation rata never reduced gemination significantly (Table 4» Plata VII,

Appendix).

The germination obtained by the application of 80 and 100 pounda of

nitrogen par acre (from ammonium nitrate) was significantly lover than that

obtained from any other treatment although there was never a significant

differ•nee between the two. Application of 60 pounds of nitrogen par acre

resulted in a aignifioant decline in germination whan compared to all lower

applications until the Lfcth day. Forty pounds per acre of nitrogen produced

germinations significantly lower than did or 20 pounds par acre until the

eighth day. Applications of 20 pounda of nitrogen par acre reduced germi-

nation significantly whan compared to the check only until the sixth day.

Analysis of variance showed that the affect of treatmenta, daye, and

the interaction of treatments times datea each produced significant effects

at the .01 level of significance (Table 4, Plata Till, Appendix).

Trial?.

Soil for this investigation contained 12 par cent moisture which

corresponda closely to the permanent wilting point. Again treatments of

both muriate of potash and ammonium nitrate ware used.

Treatments 4, 5, and 6 (60, 80 and 100 pounda of fcgO par acre) reduced

germination more than did all lower rates of application but the differences

in germination among those three treatments ware not significant. Application



of AO pounds of K2O par acre resulted in germinations significantly lover

then those produced by the check end lover then those of the 20 pound

application until the 19th day. Twenty pounds of K^O per acre resulted in

germination of Ponca wheat that was significantly lover then the check for

11 days (Table 5, Plate IX, Appendix).

Bach level of applied nitrogen caused significant reductions in ger-

mination. The use of 80 or sore pounds prevented all gemination. Appli-

cations of 40 and 60 pounds of nitrogen per acre reduced germination of

wheat significantly when compared to the check and application of 20 pounds

per acre; however they did not vary significantly from each other.

According to the analysis of variance, the effect of treatments, days,

and the Interaction of these tvo each produced highly significant effects

(Table $, Plate X, Appendix).

Trial YI.

Soil for this investigation had a moisture content of 10 per cent.

Muriate of potash and ammonium nitrate were the fertilisers that were used.

From the trials in which muriate of potash was used all levels of

application reduced the germination significantly below that obtained in the

cheek. Treatments three, four, five, and six (40, 60, 80, and 100 pounds of

KgO per sere) did not vary significantly from each other but did result in

significantly lower germination than did the application of 20 pounds per

acre (Table 6, Plate XI, Appendix).

With ammonium nitrate treatments the application of AO, 60, 80 and 100

pounds per acre of nitrogen prevented any germination of wheat. Appli-

cations of 20 pounds of nitrogen per acre resulted in a eignificant reduction
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la gemination when compared to the chaok.

Proa the analysis of variance tha affaet of tha traataaata and daya vara

highly eignifleant and tha interaction of traataaata tiaaa daye was signif-

ioant (Table 6, Plata XII, Appendix).

8BMARX AHD COKLOSIOn

ControUed humidity atudiea vara conducted to deteraine tha effecte of

anaonlna nitrate and muriate of potaah upon gemination whan placed In contact

with Ponce wheat aaed.

Six such controlled huaidity atudiea were conducted In a cloeed contain-

er which had water standing in tha bottoa under a wire screen on which tha

pans containing tha soil, treataenta, and seed ware placed. Fertiliser

applications ware based on a row width of seven inches and rates of appli-

cation ranging from 20 to 100 pounds of nitrogen (H) and potash (KjjO) per

acre. An unfertilised culture was used as a control. Soil from tha

Agronomy Para, with varioue aoiature contents » was used as the germination

asdia. Both the seed and the fertiliser treatnents ware placed la one

furrow In direst contact with each other.

The following conclusions were drawn from this study.

1. The soil aoiature percentage, from just below the peraanent wilting

point to tha aoiature equivalent, had only a slight effect upon the gemi-

nation of Ponea wheat aeed whan fertiliser was not used.

2. Fertiliser salts placed with the seed at planting tins in soil that

is at or near field capacity have little effect upon final gemination.

There will be sons delay in ecfWitg ensrgenoe, however. The heavier rates

of application will oauae the greatest delays.
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3. If fertilisers are placed la direct contact with the Med and the

•oil moisture is at or near the peraanent wilting point the gemination will

he reduced greatly oar won prevented by heavy applications of fertiliser.

4. I—mJT nitrate whan need at ratee which supply anotmta of nitrogen

(I) directly eoaparahle to enounte of potash (KjO) furoisfted by muriate of

potash will aanse greater delays in gemination and greater final losses than

will the latter fertiliser notarial.



15

LITERATURE CITED

(X) Ayere, A. D.

Seed germination as affected by soil moisture and salinity.
Agron. Jour. 44*82-64, 1992.

(2) Collier, JfMe W.
Effect of fertilisers applied with seed oorn on plant popu-
lation and yields on highly calcareous clay soil*. Agron.
Jour. 46:11^-120, 1954.

(3) Ewert, A. J.

The influenoe of superphosphate on germination of wheat.
Jour. Dept. Agrie. Victoria 10:256, 1912.

(4) Olson, fi. A., aad A. F. Dreicr.
Fertiliser plaoamaat for snail grains in relation to crop
stand and nutrient efficiency in Nebraska. Soil Sci. Soo.
Amer. Iron. 20:19-24, 1956.

(5) Shire, J. V.
The effect of salt concentration on the garaination of
saads. sew Jersey Agris. Exp. Ste. Rep., 1916.

(6) Salka, 0. E. and P. W. Smith.
Oernlnation of wheat as affected toy biuret contamination
in urea. Soil Sci. 84:273-282, 1957.

(7) Wadleigh, 0. 1.
The integrated soil aoisture stress upon a root in a large
container of saline soil. Soil Ssi. 61:225-233, 1946.

(«} rfadleigh, C. 1. and A. 0. Aysrs.
Growth aad biochemical composition of bean plants as con-
ditioned toy soil aoisture tension and salt concentration.
Plant Physiol. 20:106-132, 1945.



16

The author wishes to express his appreciation to the Agronosgr

Department Staff of Kansas State College for its helpful advice and

interest. Special appreciation is expressed by the author to his

smjor instructor Or. F. V. Smith.

Appreciation is also expressed to persons other than those on

the Agronomy Staff who aided in the preparation of this thesis.



APPENDIX

17



EXPLANATION OF PLATE I

The effect of various rates of potash on the germination of Ponoa wheat
seed planted on May 15, 1953 in soil with 30 per cent moisture.

.
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EXPUHATICR OP PUTS XI

The affect of Tarioug rates of nitrogen an the gemination of
wheat seed planted on May 15, 1953 in soil vith 30 per cent Moisture.
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BVLaaxoi ap pute hi

effect of various rate* of potash on the germination of Ponca wheat
planted on February 21, 1953 la soil with 25 per cent Moisture.
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uplajutHi or puts if

Tha effect of various rat«a of nitrogen on tha germination of Ponca

uh«at seed plantad on Fataruarj 21, 1958 in toil vith 25 par east

oiature.
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XXPUMXIOK OP VUXS ?

effect of various ratta of potaah on the gemination of
planted on April 10, 1953 in noil with 20 per cent noieture.
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BFLuuncn or ?un ?x

Tho effeot of tcrlous rat«s of nitrogoa oa tho goraiaatioa of Ponca vhoat
•••d planted oa April 10, 1958 in soil with 20 p«r oeot aoUturo.
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HLPLAMATIOK Of PLATE VII

The effect of various rates of potash on the germination of Ponca wheat
seed planted on Maroh 10, 1958 In soil with 17 per cent moisture.
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EXFUHATION OF PLATE VIII

The effect of various rates of nitrogen on the germination of Ponea wheat
seed planted on March 10, 1958 in soil with 1? per cent moisture.
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MPLAfiAHOH QP PLATE IX

Tho offoot of wiouo rctos of potash oa tho gsraination of Ponea
seed plantod on Juno 18, 1958 in soil with 12 par eont oicturo.
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HCPLAHAXICff OF PLATE Z

The effect of various rate* of nitrogen on the germination of Ponce wheat
•end planted on June 18, 1954 in noil with 12 per cent Moisture.
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too-

PLATE X

Soil Moisture = 12%

90- ooooooooooooooooooo

80-

70-

60-

e
o

o
e

E

<a 50-

40*

30-

zo-

10-

lbs N/Acrt •

20 lb* N/Aere

40 lbs N/Acre •

60 lbs N/Acre •

80 lbs N/Acre

100 lbs N/Acrt

O
X
A

D D D D D D

X X X X X X X X X
10 II 12 IS 14 IS

Days After Planting
16 17 18 19 20 21 22 23 24



KXPLANATIOS OF PUTS XI

offset of various rates of potash on Dm gemination of Poaea unset
planted on August 9, 1953 In soil vita 10 par sent aoisture.
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100-

PLATE II

Soil Moisture =10%

90-

lbs K,0/Acrt * o
20 Ibt K.O/Acrt • •

40 Ibi K,0/ Acre u
60 Ibt K.O/Acrt X
80 Ibt K.O/Acre A
100 Ibt K,0/Acre «

oooooooooooo
80-

70-

60-

c
o
•«
o

i
la

«
o 50-

40-

30-

20-

10-

9 10 II 12 13 1*4 19 16 17 18 19 20 21 22 23
Days After Planting



OPUUIATIOH OP FUTB XII

the effect of various rates of nitrogen on the geriainetion of Fonea
wheat seed planted on August 9, 1993 In noil with 10 per cent moisture.
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100-

PLATE XII

Soil Moisture =10%

90-

Ibi N/Acre U
20 Ibt N/Acrt • •

40 Ibi N/Aerc > u
60 lb* N/Acrt X
80 Ibt N/Acrt • A
100 It* N/Acrt »

80-

70-

60-

E

5 50-

ooooooooooo

40-

30-

20-

10-

9 10 II 12 13 14

Days After Planting

16 17 18 19 20 21 22
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Table 1. The are sine transformation of the germination expressed as

; 5-18

90.00

: 5-19 i 5-20

Date

l 5-23 : 5-24
Treat-
ments : 5-21 j 5-22 i 5-25

Check 90.00 90.00 90.00 90.00 90.00 90.00. 90.00

N-2 62.89 90.00 90.00 90.00 90.00 90.00 90.00 90.00

1-3 26.

U

58.72 76.71 80.27 30.27 80.27 80.27 80.27

M-4 18.79 57.97 78.02 88.02 33.28 33.28 83.28 33.28

*-5 13,68 29.96 50.68 75.35 77.92 33.98 83.98 83.98

N-6 15,94 38.03 53.02 60.12 62.64 66.30 70.62 74.22

1-2 64.49 79.18 74,58 76.02 76.02 76.02 76.02 76.02

1-3 62.89 31.22 84.76 86.99 86.99 86.99 86.99 86.99

K-4 44.18 79.18 79.53 76.56 76.56 76.56 76.56 76.56

1-5 38.30 75.02 34.76 80.27 80.27 86.99 36.99 86.99

K-6 16.84 59.30 90.00 83.98 86.99 86.99 36.99 86.99

L. S. D. = 22.65

L. S. D. = Least significant difference
N s Ammonium nitrate treatments
K a Muriate of potash treatments
2 s 20 pounds per acre N or &2O

3 • 40 pounds per acre N or &2O

4 60 pounds per acre H or KgO
Js 80 pounds per acre N or K2
6 = 100 pounds per acre N or K2
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Table 2. The arc sine tranaforaatica of the gerai-
aatioa expressed aa par cant of check for

; 2-26
||
2-27

Eat'1

i 3-2 i

Treat-

MHaf i 2-28 s 3-1 i 3-3

Check 90.00 90.00 90.00 90.00 90.00 90.00

*-2 78.51 78.51 78.51 32.68 82.68 82.68

»-3 49.32 62.58 73.51 81.67 81.67 81.67

K-4 22.22 39.36 54.33 62.00 71.37 78.64

-5 18.% 24.22 31.58 45.64 50.90 57.08

M-6 0.0 5.98 10.48 18.16 28.91 34.33

K-2 85.84 90.00 90.00 90.00 90.00 90.00

*-3 69.14 85.84 85.84 90.00 90.00 90.00

** 54.31 64.18 69.14 71.32 71.32 71.32

«-5 28.91 49.28 59.14 72.88 74.48 74.48

K^ 30.29 51.77 61.16 69.72 71.32 73.18
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W>1* 1 (PpfltiU)

Ml
ins*

s 3-A I 3-? i H> ' 3-7 t H* » ?•?

90.00 90.00 90.00 90.00 90.00 90.00

82.68 82.68 32.68 82.63 82.63 32.68

1-3 81.67 81.67 31.67 81.67 81.67 31.67

K-4 73.64 73.64 73.64 73.64 73.64 78.64

1-5 60.76 63.30 66.04 66.04 67.54 67.54

H-6 36.95 41.93 46.85 51.94 54.36 54.86

1-2 90.00 90.00 90.00 90.00 90.00 90.00

K-3 90.00 90.00 90.00 90.00 90.00 90.00

W 71.32 71.32 71.32 71.32 71.32 71.32

K-5 74.43 74.43 74.48 74.48 74.43 74.48

X-6 73.18 73.13 73.18 73.13 73.13 73.13

L. 8. 0. 15.40

L. S. D. Least significant difference
1 « Ammonium nitrate treatments
X s Muriate of potash treatments
2 « 20 pounds per sore M or Kj^Q

3 s 40 pounds per sore R or X3J0

4 s 60 pounds per sore H or X2O
5-80 pounds per sore I or XjjO

6 • 100 pounds per sore X or X2O
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Table 3. Dm arc tsin* trc&aforn&ilca of the g&cad.-

uatiou expreeued aa par oeat of check for

; 4-13

Data

t 4-^7
|

Iraat-
•. at. ft 1 k-l$ m \

i 4-16 i 4-18

Check 90.00 90.00 90.00 90.00 90.00 90.00

M-2 0.0 30.93 fell 60.73 74.12 77.00

H-3 0.0 6.21 16.70 26.07 34.23 44.39

N-4 0.0 6.21 12.11 14.51 18.90 27.02

1-5 0.0 0.0 0.0 0.0 0.0 0.0

-6 0.0 0.0 0.0 5.98 5.98 5.98

K-2 0.0 39.-47 66.03 74.20 78.51 78.51

*-3 0.0 19.29 45.34 66.35 74.43 76.34

K~t 0.0 6.21 13.46 31.77 45.60 54.33

K-5 0.0 0.0 0.0 14.51 31.71 43.00

K-6 0.0 0.0 0.0 10.53 18.96 28.72
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TiMtf 3 .ftflftt)

Cat*

Trm%-
-gf i 4-19 t 4-20 i 4-21 i 4-22 i 4-23 » faH I 4-25 I 4-26

Cteok 90.00 90.00 90.00 90.00 90.00 90.00 90.00 90.00

S-a 80.50 80.50 82.63 82.68 82.68 85.84 85.34 85.34

1-3 50.15 59.66 65.65 67.29 67.29 71.32 71.32 71.32

1-4 30.01 34.11 36.75 39.36 40.60 43.U 49.65 50.90

1-5 0.0 5.93 5.93 8*43 14.46 18.96 18.96 22.66

1-6 5*98 11.97 11.97 16.95 13.46 13.46 22.22 23.64

K-2 78.51 78.51 78.51 78.51 78.51 78.51 78.51 73.51

1-3 73.51 78.51 73.51 81.67 31.67 31.67 31.67 31.67

K-4 59.81 65.65 69.14 71.00 71.00 71.00 73.18 73.18

K-5 51.94 54.55 55.80 57.04 59.81 59.81 61.12 61.12

1-6 32.54 43.72 50.92 64.18 67.50 71.00 73.18 73.13
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latolf 3 (fought)

ZZM£
t i-27 » ^-28 t L-2& i a-80 t 5-1 » S-2 i 3-3 i S-i

90.00 90.00 90.00 90.00 90.00 90.00 90.00 90.00

35.34 35.34 35.84 35.34 35.34 35.34 35.34 35.34

3-3 71.32 71.32 71.32 71.32 71.32 71.32 71.32 71.32

3-4 57.04 53.34 59.66 61.07 62.54 64.01 64.01 64.01

1-5 22.66 24.22 30.29 39.43 39.43 43.04 43.04 50.52

3-6 23.64 23.64 30.35 30.35 30.35 30.35 32.06 33.76

78.51 78.51 78.51 78.51 78.51 78.51 78.51 78.51

8-3 31.67 31.67 31.67 81.67 31.67 31.67 31.67 81.67

73.18 73.18 73.18 73.18 73.18 73.18 73.18 73.13

1-5 62.54 62.54 62.54 62.54 62.54 62.54 62.54 62.54

8-6 73.18 73.13 73.13 73.13 73.13 73.13 73.18 73.13

L. 8. 8. * 12.41

L. 8. 0. * Iawet significant difference
1 * torn hi lu* nitrate treatoent*
X m Muriate of potato treatment*
2 * 20 pound* per tore 8 or KjO
3 * 40 pound* per acre 8 or KgO
4 60 pound* per acre M or ajO
5 * 80 pound* per ear* 8 or SjjQ

6 » 100 pound* per acre 8 or &20



Table 4* Dm arc da* tranaformation of the germination expreeeed aa
eaat of ohook for aoU containing 17 per oent Plature.

Treat-

mm um um i am uai me lm in umb Um
90.00 90.00 90.00

90.00 90.00 90.00

90.00 90.00 90.00

48.00 53.a 62.69

23.16 25.24 30.18

12.39 18.90 23.48

90.00 90.00 90.00

84.68 84.68 84.68

73.57 79.37 79.37

76.08 81.78 81.78

45.35 59.08 67.36

Check 90.00 90.00 90.00 90.00 90.00 90.00

1-2 72.04 84.68 84.66 90.00 90.00 90.00

»-3 27.20 37.35 54.86 70.32 77.75 81.78

** 12.78 12.70 24.68 29.98 34.36 41.28

*-5 0.0 0.0 6.20 8.83 10.90 18.90

1-6 0.0 0.0 0.0 0.0 6.20 6.20

K-2 85.64 90.00 90.00 90.00 90.00 90.00

fc-3 61.20 67.87 79.60 69.60 81.78 81.78

£-4 35.92 44.02 53.41 57.62 60.62 71.39

*-5 21.97 27.93 41.34 50.76 59.93 66.37

fr-6 6.26 14.33 15.84 15.84 37.00 42.66
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3-25

:.',...

i 3-27

Date

t 3-31 t 4-1 t

Treat-
: 3-23 ,

|
3-29 i 3-ao 4-2

Check 90.00 90.00 90.00 90.00 90.00 90.00 90.00 90.00 90.00

1-2 90.00 90.00 90.00 90.00 90.00 90.00 90.00 90.00 90.00

8-3 90.00 90.00 90.00 90.00 90.00 90.00 90.00 90.00 90.00

1-4 74.54 74.54 74.54 74.54 74.54 79.60 79.60 79.60 79.60

8-5 33.13 41.23 42.67 42.67 45.36 45.36 46.71 49.56 49.56

H-6 26.22 27.55 34.28 37.28 38.94 33.94 42.98 42.98 42.98

1-2 90.00 90.00 90.00 90.00 90.00 90.00 90.00 90.00 90.00

1-3 84.63 84.63 84.68 34.68 84.63 34.68 84.68 84.68 84.63

*-4 79.37 79.37 79.37 79.37 79.37 79.37 79.37 79-37 79.37

8-5 84.68 84.63 84.68 84.63 34.63 84.68 84.68 84.68 84.68

K-6 69.21 74.29 76.47 76.47 76.47 76.47 76.47 76.47 76.47

L. 8. Ji>. « 23.03

L. 8. 0. » Least significant difference
I Aaaonlun nitrate treatments
1 * Mariate of potash treatments
2 20 pounds per acre X or fyO
3 40 pounds per acre 9 or JttfO

4 * 60 pounds per sore R or j£o
5 * 80 pounds per sere I or KgO
6 100 pounds per sore or agO
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Tabla 5. Tha are sine transformation of tha germination
expraaaad aa par oant of ehaok for soil eon-

: 6-22
|
6-23 : 6-26

| |
6-27 j

Traat-
manta i 6-24 i . 6-28

Check 90.00 90.00 90.00 90.00 90.00 90.00 90.00

1-2 9.42 10.32 28.20 29.82 29.82 34.09 43.36

i-3 6.84 6.12 6.12 6.12 6.12 12.25 14.86

-* 6.84 6.12 6.12 6.12 6.12 6.12 6.12

I-S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1-6 0.0 0.0 0.0 0.0 0.0 0.0 0.0

K-2 12.U 20.35 30.54 39.28 52.80 56.10 58.06

t-3 0.0 0.0 6.12 16.90 18.68 21.28 32.31

K-4 0.0 0.0 0.0 0.0 0.0 8.73 14.86

*-5 0.0 0.0 0.0 0.0 0.0 0.0 0.0

K-6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Tfcttff ? (fcntr)

finta Z
t 7-4

ft-Mt-

Mrti » <Hfl * <>-30 , 7-1 i 7-* i 7-3 ' 7-5

QM«k 90.00 90.00

1-2 49.92 51.32

-3 U.86 14.86

* 6.12 6.12

1-5 0.0 0.0

1-6 0.0 0.0

K-2 70.98 74.03

ft* 35.20 41.90

K-4 16.90 19.51

X-5 0.0 0.0

K-6 0.0 6.21

90.00 90.00 90.00 90.00 90.00

54.09 55.66 55.66 57.39 61.78

14.36 14.36 14.36 U.36 14.36

6.12 6.12 6.12 6.12 6.12

0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0

74.03 74.03 74.03 75.46 78.77

44.66 43.76 51.30 56.44 53.06

19.51 19.51 21.28 21.23 21.28

0.0 0.0 0.0 0.0 0.0

6.21 6.21 6.21 12.25 12.25
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Ilttt 5 (Ooncl.)

JfcfeL

fc| i 7-6 i 7-7 i 7-8 i 7-9 i 7.10 x 7-11 » 7-12

Chaek 90.00 90.00 90.00 90.00 90.00 90.00 90.00

1-2 63.08 64.40 65.74 63.74 65.74 65.74 65.74

1-3 U.86 16.90 18.68 18.68 21.78 21.78 21.78

-4 6.22 8.73 8.73 8.73 8.73 8.73 12.55

1-5 0.0 0.0 0.0 0.0 0.0 0.0 0.0

-6 0.0 0.0 0.0 0.0 0.0 0.0 0.0

^2 78.77 78.77 78.77 78.77 78.77 78.77 78.77

M 60.48 60.48 64.69 64.69 65.74 67.15 67.15

*-4 21.28 21.28 21.28 22.89 22.89 ****r> 28.20

*-5 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1-6 U.86 14.86 U.86 U.86 U.86 U.86 U.86

L. 8. 1». « 17.58

L. 8. 0. « Laaat aignifioant diffaranoe
1 » Mnooiua nitrate treataents
K • Muriate of potaato treatments
2 * 20 founds par sere M or K^O
3 40 pounds par aara R or KgO
4 * 60 pound* par aara II or KgO
5 * 80 pounds par aara 8 or l^O
6 « 100 pounds par aara 8 or K2O
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Table 6. The era sine transformation of the germination expressed as

oer cent of check for sojtl ffontllnUf Iff WT! MJefi .

3-17
, ,f

3-18 x 8-19
|
t 3-20 :

1

t 3-22 j 3-a? i

Treat-
Meats ;

8-21 i

I MH
Check 90.00 90.00 90.00 90.00 90.00 90.00 90.00 90.00

H-2 0.0 0.0 6.26 6.20 12.70 12.70 13.89 20.52

** 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

** 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

** 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

fr4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

S-3 9.12 9.02 19.96 23.60 33.00 34.36 37.00 39.66

** 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

K-4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

*-5 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0

14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Mil i (rfOMit)

Hi
bnx»v

Chock 90.00 90.00 90.00 90.00 90.00 90.00 90.00 90.00

H-2 22.04 24.68 30.18 31.50 31.50 34.15 35.52 35.52

M-3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1-4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

8-5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1-6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

8-2 42.42 48.37 50.04 50.04 50.04 51.89 51.89 51.89

K-3 0.0 0.0 0.0 0.0 0.0 0.0 6.20 6.20

0.0 0.0 0.0 0.0 0.0 0.0 6.20 6.20

8-5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

K-6 0.0 0.0 0.0 0.0 0.0 0.0 6.20 6.20

L. 8. B. = 15.01

L. 8. 0. * Least significant difference
8 Imodium nitrate treat—nts
X Muriate of potash treatsent a
2 s 20 pound* par acre X or K2O
3 40 pound* par aora 8 or 8^0
4 * 60 pounds par aera 8 or K2O
5 s 80 pounds par aera 8 or K2O
6 100 pounds par aera 8 or XjO
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Table 7. Son* physical and oh—|«aj oharactsristios

of taa soil u—d in this lnrsstlgaUoft,

Taxtviral class:
Sand 7.2%
Silt 68.7*
Clay 24.1*

Moistvars equivalent 30.1*

Permanent wilting point 11.9*

Cation exchange capacity IS as.A00 *»•
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In recent years the need for fertiliser in agricultural aoila haa been

roaliaed. Cnaamrrolsl fertilisera of ever increasing concentration are being

applied at ever increasing rates. These two factora have necessitated

fertiliser placement studies.

This investigation was designed to stud/ the effects of fertiliser on

seed gemination when both are placed in the ease furrow, fertilisers used

for this study were ammonium nitrate (33.5 per cent I) and muriate of potash

(60 par cent KgO) . Bates of application were calculated on the length of

row used sad sa sjsjsjsjsJ row spacing of seven Inches. The fert i lisers ware

applied at rates of 20, *0, 60, 80, and 100 pounds per sere of actual plant

nutrient constituent (1 or K20). A check pot to which fertiliser was not

added was also included.

Six trials with Ponce Wheat seed were conducted under constant tsmper-

sture and controlled humidity conditions. These trials were with soil

oisture percentages of 30, 25, 20, 17, 12 sad 10. The soil was sa alluvial

soil obtained from the Agronomy Farm. The Moisture equivalent and peraanent

wilting point of this soil corresponded very closely to 30 per cent aad 12 per

cent, respectively.

The seed were allowed to continue gemination until no acre was obtained.

Eaerged seedlings were counted daily.

Results of this study indicate that the harmful effects of fertilisers

upon the gemination of seed are increaeed by low moisture contents of the ^-

soil. Ammonium nitrate when used at rates which supply amounta of nitrogen

(N) directly comparable to amounts of potash (K20) supplied by muriate of

potash caused greater delays and greater final losses than did the latter

fertiliser material.


