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Collings (I)' has discussed th e effect of fertilization practices on ger
mination and emergence of field crops and has indicated that soil moisture 
is a key factor in the respo nse obtained . As an aid in eva luating best field 
conditimls (or emergence o f sugar beets, emergence data were obtained, in 
the laboratory, under controlled conditions of soil texture, moi sture, and 
temperature; and rate, analysis, and placement of fertilizer. 

Methods and Materials 

Lock sandy loam top soil, obtained from a field on the iVlichigan State 
University farm at East Lansing, Michiga n, was air dried, screened through 
a No. 20 mesh sieve, . and mixed. The textural analysis was as follows: 
60.4 percent sand, 26.7 percent silt « and > 2JL), and 12.9 percent50JL 
clay. The moisture curve is shown in Figure I. This soil was of medium 
fertility as determined by the Spurway reserve test. Moisture of the air-dried 
soil was determined and corrections made to give the percentage of moisture 
desired on an oven-dry basis (105 ° C.). 
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Figure 1. - Soil moisture 
curve for the Lock sandy 
loam used in this investiga
tion. 
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rhree hundred and forty grams of air-dried soil were placed in each 
plimic sa ndwich box (4J;2" x 4J;2" x His"). The ferti lizer, broadcast or 
banded, was applied to the air-dried so il. In each box, eight cardully selected 
and sized whole seed balls of sugar beet variety US 401 were planted at a 
uniform depth of one-half inch. Finally, distilled water was added over 
the surface to give the desired soil moisture. The shallow depth of the soil, 
approximately seven-eighths of a n inch, permitted . moisture equilibrium 
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suffici ently rapiel to avoid any seriou s difficulty. In experiments involving 
more th a n (our cla ys, c1istill ed water was added every three to five clays to 
replace that lost by evaporation. The plastic covers were loose enough to 
permit a loss of up to 0.6 pe rcent so il moisture in a four-day period. The 
boxes were keDt in an incubator at 20° C. ± 2° for the dura tion of 
each ex periment. Counts o f seedlings were made every 24 hours. Only the 
first seedling from each seed ball was counted. Each trea tment was replicated 
four times. The maximum dura tion of a n experiment was 20 days. 

For broadcast fertili zat ion, the ferti lizer incorporated in each box was 
equal to the amount that wo uld have been broadcast over and thoroughly 
mixed in the top tluee in ches of the soi l of comparable surface area (1000 
Ibs. per 1,000,000 Ibs. of soil or 0.34 gms. fertilizer p er '340 gms. of a ir-dried 
soil). For ba nd application the fertili zer was p laced as eve lll y as possible 
in a band approximately a quarter-in ch in width. The amount applied 
per lineal inch was calculated a t the acre rate for 28-inch rows. ' ,Vhere seed
balls were to be in contact with fertili zer, the band of knilizer was applied 
and the seed balls pl aced directly o n the band of fertilizer. 

Results 

The number of days required for 7:1 percent emergence with different 
moisture levels and rates and placement of 10-10-10 fertilizer arc shown 
graphically in Figure 2. High so il moisture minimized the effect of qU;1Il
ti ty and placemcn t of fe rtili zer. On the other ha nd, soil moisture in the 
range in which field operat ions are don e was sufficiently limiting to delay 
emergence where 50 and 100 pounds or fertilizer per acre were banded in 
contact with the seed. 
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The m arked E'ffect of different rates of fertilization on emergence at a 
given soi l moi:;ture is shown in Figure 3. Figure 4 reveals the effect of given 
levels of soil moisture, when the rate and placement of fertilizer were main· 
tained constant. '<\Tith red uctions in soil moisture, emergence was not only 
delayed, but there was a substant ial reduction in perce ntage of emergence. 
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The extent of delay in emergence of seedlings because of a given fer· 
tilizatio n prilc tice may be determined by a comparison with the emergence 
where no fertili zer was applied. This delay has been expressed graphically 
in Figure 5. At 28.1 percent >oil moisture, )00 pounds of 10-10-10 banded 
with the seed delayed emergence three days as compared with emergence 
of seedlings receiving no fertilization. However, a t 19.2 percent soil moisture, 
the delay in attaining 75 percent emergence was eleven days. In an experi
ment at 16.2 percent soil moisture, 0·4·5-0 fertilizer banded in contact with 
the seed at a calculated rate of 50 pounds per acre delayed emergence two 
days as compared with no fertilizCltion . 
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Figure 5.-Delays in emerg
ence of sugar beet seedlings 
of variety US 401 resulting 
fro m specific fertilization 
practices at given soil mois
ture percentages. 
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To determine the effect of a soil barrier between the seed and fertilizer 
on emergence, six repli cat ions were used, each box containing three rows of 
six seeds per row placed a t different distances from 10-10-10 fertilizer, banded 
at the rate of 100 pounds p er acre. These results are shown graphically in 
Figure 6. Where seed balls were placed (a) in contact with fertilizer, (b) 
one-half inch directly above the fertilizer , or (c) one inch to the side and 
one-half inch a bove the band of fertilizer, those seeds placed at the greater 
distance germin ated mos t rapidly. Seeds at the I-inch and 1\i2-inch distances 
germinated equally well. 
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Figure 7.-Effect of 100 pounds per acre basis (2S-inch rows) of different 
analyses of fertilizer banded in contact with the seeds of sugar beet variety 
US 401 on emergence. 
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The effects of each of three fertilizers banded in contact with the seed
balls on emergen ce is illustra ted graphically in Figure 7. The JO-IO-IO 
analysis was a commercial mix while the 0-10-20 and 0-20-10 were com
pounded by hand mixing. At the sa me ra te of application and the same 
soil mo isture percentage, the 0-20-10 caused the least delay in emerge nce 
while the 10-10-10 caused the grea test delay. This differential delay in 
emerge nce of the seedlings appears to be linked directly with the degree 
of solubility o f th ese three grades o f fertilizer. The solubility da ta' were 
obtained as fo llows: One part of fertilizer was dissolved in 100 parts of 
distilled wa ter for one hour. The conductance readings were then obtained 
on the Solu-bridge soil tester a t Soo F. The sp ecific conductance for the 
0-20-10 was 380 x 10-5 ; the 0-10-20 an a lys is 505 x 10-5, and the 10-10-10 
analysis 1000 x 10-5 . The high specific conductance reading of the 10-10-10 
fertilizer was associated with the greatest delay in emergence. 

3 D a ta determined by]. C. Shickluna , Soil Sci ence Department , Michigan State University. 
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Discussion 

The in terpretat io n of th ese results must be guided by the fact that the 
maximum soil mo isture a t which the plowing op era tion could be done under 
fi eld cond itions withou t seri o us detrimental effect upo n the physical prop
erties of the soil is ap proxim ately 19 percent. Thus, unl ess soil m oisture is 
added by rain or irriga tion a fter pl anting, criti cal d elays in emergen ce may 
occur when fer t ili zer is p laced with the seed' at p lanting time. 

The curves ob ta ined suggest a good quantita tive rela tionship between 
the effect of soil m o isture and fertili zation and th e emergence pattern 
obtained . Surpri singly good prediction was possibl e from just one curve 
and a portion o f a no ther. '-\There fertili zer is pl aced with the seed, at 
modera te soil moisture, the data show that o nly rela tively small differences 
in rate o f applicat ion a nd placement may ca use ap preciable differences in 
r;.lte of emerge nce of the sugar bee t. This certainl y substan tia tes the field 
observa tions cited by Collings (1 ) concerning the effect o f fertilizer in con
tact with the seed . The delayed emergence resulting from fertilizer pl aced 
one-half inch from the seed emphasizes the danger of applying fertilizer 
with the seed. 

The germin ation response is intimately controlled by rate of water 
uptake by the seed. This ra te of uptake is decreased as the osmotic pressure 
of the soil solution is increased by deple tion of the soil moisture, and the 
additio n of fer tilizer salts would intensify the effect. 

Two p rac tical implica tions of this stud y should be stressed. First, con
servati on of soil moisture during tillage operati ons is paramount in helping
avoid delayed emergence. This suggests some form of minimum seedbed 
prepara tion . Secondl y, proper placement of fe rtil izer may aid ma teri allv 
in obta ining rapid emergence a nd the establishment o f a good stand of 
seedlings. 

Summary 

The effect of controlled soil mo isture levels and sp ecific fertili za tion 
practi ces on em ergen ce of the sugar beet was d etermined. Pl astic sandwi ch 
boxes were used to reduce m oisture losses. The experiments were conducted 
at 20° C. ± 2°. 

1. For a given fertili zer r a te a nd placement, as the soil moisture level 
was decreased, emergence was progTess ively delayed. A substantiall y lower 
percen tage of seedlin gs emerged at the lower moisture 1evels. 

2. Banding 100 pounds p er acre (28-inch rows) of 10-10-10 fertili zer in 
contact with the seed a t 14.7 p ercent soil moisture resulted in emergence of 
less than 50 percent of the p o tenti al stand in twenty days. 

3. Emergence was substantially delayed when seeds were placed one
half inch above th e b and of fertili zer as compared with seeds placed one 
inch to th e side and one-half inch above the fertilizer. 

., 
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4. At the same rate of application in contact with the seeds, 0-20-10 
delayed emergence least, 0-10-20 was in termediate, and 10-10-10 delayed 
emergence most. This was correlated with solubility of the fertilizers. 

5. It is recommended that fertilizer be placed away from the sugar beet 
seeds to avoid delays in emergence at the lower soil-moisture levels. 
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