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Soil avdable phosphorus (P) can have appreciable spatial variation wluch could 
result in inefficient ferthzer use. The hlgh cost of mapping ttus variab&ty may make sit2 
s p e d c  management of P uneconomic. Seed-placing a small amount of P fertrli2er has 
been shown to increase gain  yield of corn. Therefore. it may have potential for 
improving P use efficiency. Ah txperiment was conducted to evaluate the spatial pattern 
of soil test P and the spatial response of applied P fertilizer. The scale of P variability was 
such that a 120 fi grid would be required to map soil test P adequately. Tllere was no 
s i d c a n t  - yield response of corn to sol1 test P over the range of soil test P observed, nor 
were the areas w i t h  the field which res~onded to applied P related to soil test P, 
indicating no benefit to mapping soil test P to predict variable P application rates. 
Combined seed-placed plus banded P ferlihzer although economical in parts of the field, 
was not an economical practice over the entire area of the field. 

The avdabdtty of soil phosphorus (P), as measured by the standard Ontario soil 
test soil (Bicarbonate P), can vary considerably withm a very short distance in the field 
rnalang it very difficult to adequately map the level of P ferhhty in the soil. The use of 
seed-placed P fertihzer on corn has become an established practice in southern Ontario, 
and research results have generally shown yield increases ever1 for soil test levels above 
those at whlch a yield response is obtained to a 2x2 (2 inches below and to the side of the 
seed) side-band ferfiher application. ~~e the response of corn to seed-placed P 
fertiher has been compared to a side-banded P application in a few experiments, these 
studies &d not have the scope to determine at what soil test level does seed-placed P 
replace the need for side-banded P or if the response of seed-placed P is additive to the 
response obtained with side-banded P. The answers to these questions could have a 
sigruficant impact on how we approach the management of P ferhlmtion for our variable 
s o h .  

' P ~ D .  Student, D q t .  of Land Resource Science, University of Guelph. 
Guelph Ont. Can. Phone (519)  823-8884 ext. 2 1 5 0 .  Ernail 
JLAUZON@LRS.UOGUELPH.CA. Presented to the 28 ' h o r t h  Central 
Extension-Industry Soil Fertility Conference, Nov. 12, 1998, St. 
Louis, Mo. 

: Professor. Department of Agronomy, Ridgetown College of 
Agrrcultural Technology, Ridgetown, Ont. Can. 



Site Smcific bfanagement of P 
Several methods that are being considered to map field variab&t). such s: satefit? 

imagery, aerial photography, soil based sensors nnd soil sampling based on either 
landscape position or a pre-set grid pattern. 

Satellite and aerial imagery are also possible tools for detecting spatid variations in 
crop o w t h  or strzss as related to potential nutnent deficiencies. Lozano-Garcia (1 99 I j 
described how satellite spectral ~ulalysis can be used to obtain a normalized difference 
vegetative index (NDVI). As new sensors are developed and tested there remains an 
enormous potential for using such imagery in site-specific farming but the bottom h e  is 
the suitability of rzmotely sensed data for site-specdic farming, and for variable rate 
fe-tion of field crops in particular is stdl not proven. 

C m  a d. (199 1) used soil classification as a method of mapping fields for soil 
sampling and fertilizer recommendation in hlontana. Returns were slightly increased with 
this method in three of five fields tested when the current ferhlizer recommendation 
system was used although larger rehums were obtained in two fields when "optimum" 
fermiztr rates were applied. They concluded that soil type has promise as a method of 
mapping fields for soil sampling. Moore a. 1. (1993) measured several soil attributes 
including; soil moisture, depth of A horizon, soil P, soil organic matter, and soil pH, as 
related to slope position. On the hvo sites considered soil organic matter, depth of A 
horizon and P wsre greatest at the foot slope position and lowest on the side slope where 
the slopes were the steepest. Field topogmphy can be quickly mapped with a DGPS 
system so slope positioning may be a viable method of mapping fields for soil sarnphg 
and fertilmng. A rzsearch project involving 26 different farms across Ontario has s h o w  
that whde relationships between slope positions or elevation and soil test phosphorus are 
statistically si,onicant often less than 20% of the variabhty in soil test P levels is 
associated attributzd to these landscape parameters (O'Halloran unpublished data). 

The most widely used commercial rrlethod to-date for attempting to characterize 
soil variability has been based on grid sampling, with grid sizes often based on the 
acceptability of the cost rather than the usellness of the information being senerated. 
The field-specific characteristics of the soil test P (i.e. the range of soil test levels and the 
nature of the spatial variability) and the anticipated benefit fiom varying the ferhker rate 
whlch ultimately determines the samphg intensity required. There are numerous reports 
in the literature describing the impact of grid sampling size and field variability of soil test 
P. Franzen and Peck (1995) soil sarnpled two 40 acre fields over 3 years at an 52.5 fl grid 
and compared soil test P and K maps at h s  scale to ones at a 165 and 330 ft grid size. 
Conelation of the 165 ft and 330 ft. grid size with the 52.5 ft. resulted in ? values ran-ging 
fiom 0.22 to 0.48 and 0.03 to 0.12 respeccvely. In 1992 they added a 220 ft. grid and 
found improved correlations to the 52.5 A g i c l  over the 330 ft grid. In h s  zsperirnent 
they recommended a 220 or smaller grid size for newly sampled fields and then adjusting 
the size of the grid based on field variability for subsequent sampling. Others, such as 
Wollenhaupt d.(1994) recommended srnaller grid sizes of not more than 106 ft. W i h  
Ontano the standard grid sampling sized used for most fjeld crops is approximately 330 
A. our experience with Ontario soils suggests that the nature of soil test P variability is 
such that there is little hope in economically mapping the level of soil variability for the 
purpose of developing effective site-specific ferhher P recommendation maps. 



Seed-Placed Fedihzer use on Corn 
Experiments conducted at the University of Guelph with corn, indicate that 

attaining 3 critical shoot P concentration during very early gowth is required for h g h  
yields. B m y  and hldler (1989) g e w  corn outdoors with a hydroponic system that 
dowed P nutrition to be varied during plant growth. They found that attaining high shoot 
P concentrations by the &leaf stage (leafsta,oe = total number of leaves visible minus one) 
was critical for high gain yields regardless of the P nutrition at later stages. Lauzon 
(1 995) related shoot P concentration; at the 4-to 5-leaf stage and 6-to 7-leaf stage and leaf 
concentration at silkin,o, with gain yield. The greatest correlation between plant P 
concentiation and grain yield was found at the 6-to 7-leaf stage. Applying phosphorus 
f e w e r  seed-placed may be a way of increasing early season shoot P concentrations. 

The use of P ferbhzer in the seed trench of corn is .an estabhhed practice in 
southern Ontario. A greenhouse study by hdidler gt 4. (1371) showed that corn plants 
receiving P with the seed grew and absorbed P more rapidly than plants receiving four 
times as much P placed in a band to the side and below t!!c seed duuing the first four 
weeks of grow-th. A field expeiiment with corn by Bates (1371) found delidyed enicrgence 
but more rapid early growth and a yield increase of 2.9 % when 49 lb ac'l of 6-24-6 was 
added with the seed. l h s  response was independent of the soil available P and the 
.mount of P applied in a side band. It was concluded that "quite high rates of ferttker 
wotdd be required when applied broadcast or away from the seed to e h a t e  the 
response fiom low rates applied with the seed". Bates and Bowles (1986) found that 
applications of 62 lb ac-' of 6-24-6 with the seed increased early growth, advanced s h g ,  
decreased gain moisture content of 1.4 percent and increased grain yield of 3.6 bu ace' on 
sites where there was no response to broadcast or band-applied P. Mengel a 4. (1988) 
also reported similar grain moisture rzductions (fiorn 33.2 to 32.4 percent) and grain 
yields increases (from 153 to 158 bu ac-') when 60 lb ac" of 10-34-0 was applied in the 
seed bench, even though there was a very high soil test P levels (106 lb ac-' Bray P, 
extractable P). Hart (1989) reported a1 average increase in corn grain yield of 2.7 percent 
over 2 years with seed-placed P. The increased gain yield occurred in spite of a hgh  soil 
test P level of 40 ppm NaHCO, estractable P in the h s t  ycar and a sol1 test of 2 1 ppm 
with 57 lb lb P,O, ac" P,O, ac" broadcast in the second yzar. 

More recently Lauzon and Miller (1997) found increased shoot P concenh'ations 
and mass during early growth and grain yield increases with seed-placed P across the 
rrange of sodium bicarbonate extractable P tested (3 - 35 ppm). This experiment also 
included a side-band P application at the rzcommended rates at a low soil test P level (4 
ppm) where the recommended rate of application was SO lb P,O, ac'l and at a medium soil 
test level (17 ppmj where the recommended rate was IS Ib P,O, ac". The early season 
shoot P concentration increases observed with seed-placement were not seen with side- 
band P applications, even though a much greater amount ofP was applied in the side- 
band (SO Ib P,O, ac-' side-banded vs 13 Ib P,05 ac-' seed-placed). -4 yield increase was 
observed with side-banded P at the low sod test level however SO lb P,O, ac" side-banded 
did not si-gificmtly increase yields more than 13 lb P,O, ac-' seed-placed. At the medium 
soil test level 1s lb P,O, ac-' side-banded dld not increase corn yields. although 13 lb P,O, 
ac-' seed-placed &d increased yields. The effect of combining both a seed-placed and 
band application was not examined. 



The current practice of applying a constant ferhker rate based on a field average 
soil test undoubtedly results in the over and under-ferhhtion of certain areas of the field. 
Attempting to reliably identify these areas of the held by soil samphg  is urdkely to be a 
economically profitable practice for the f m e r .  Research results indicate that w N e  seed- 
placed f e w e r  may not supply enough P for a corn crop at low soil tzst levcb, yield 
wins could be reco,onized at higher soil tests. We cue currently ssaminirlg the possibility 3 

of u b g  a seed-placed and side-bald combirlation of ferhker P to capture most of tl~e 
variable corn yield response to applied P \ v i b  a field, rather than attempting to map the 
field variability of soil test P and then vary f e d z e r  applications based on this map. n s  
study wdl examine the witfun field variability of soil test P. its relationship to elevation 
and corn yield, and the response of cor~l to P f e h h t i o n  applied as a side-band, seed- 
placed or side-band plus seed-placed trsatment. 

EXPERIR,IENT=U, SITE n\iFORILI.-IT103 

The experiment was conducted in 1996 and 1997 at the Elora research station on 
a Guelph silt loam soil. The site was appro.xhately 5 ac in size (1300 ft long and 160 ft 
wide) with a simple slope whch slopes gently fiom both ends of the site to a low area in 
the middle (approximately 8 ft elevation difference) fi3we 1 .  The site composite soil test P 
of the area was 15 ppm NaHCO, extractable P. 

Treatments 
Four treatments, replicated four times were applied in sirips across the 111 len-d 

of the study area. The treatments were: 
1. check: no fertilizer P applied 
2. side-banded P fertdker at the provincial recommended rate for the site (44 Ib 
P,O, ac-I) as liquid 10-34-0. 

3. seed-placed P at a rate of 1 1 Ib P20, ac" as liquid 10-34-0. 
4. side-banded P f e w e r  at the recornmended rate plus seed-placed P ferhlizer at 

11 lb P,O, ac-' 

-411 of the soil and plant measurements were taken fiom an area 16.35 ft  in length 
by two corn rows wide (5 ft) at 45.75 ft intervals in each of the treatment strips (each 
treatment strip was 10 ft wide, and samples were taken on a 10 fix 45.75 ft gid). There 
were 27 sample areas per treatment strip For a total 433, plot areas in the site (27 plots strip- 
' x 4 treatments x 4 reps). 

Site Preparation 
The soil was conventionally cultivated ( f d  moldboard plowing followed by s p r i g  

secondary dage). Cultivation was conducted parallel to the long dunension of the site. 
Corn, Funks variety G-4043, was planted using a John Deere 7000 planter set up to apply 
liquid ferhker in a side-band and in the seed trench. Liquid 10-34-0 fertilizer was used as 
the P source in all the treatments. Potassium was supplied to the entire site at 90 lb K,O 
ac.' as broadcast 0-0-60. Nitrogen fertduer was broadcast to the site at 120 lb ac". 
hdhtiond N was applied to the treatment strips at rates to balance the N applied in the 



side-band and seed-placed treatments for a total of 136 lb N ac-' . 

Soil and Plant Measurements 
Soil samples were taken to a depth of 0" fiom each plot in the sprin,o of 1996 and 

analyzed for N3HC0,-extractable P, NH,Xc-extractable K, and soil pH (water paste). 
Elevation was determine using an ATV mounted high-resolution DGPS system which 
was dnven down the len,ath of the field in 10 tt. transects with readings of elevation 
recorded in approximately 15 ft. intervals. 

Plant shoot samples were taken at the 4-5 leaf stage and the 6-7 leaf stage in 1996 
and at the 5 leaf stage in 1997. Ledstage is defined as the Nth-1 leaf which is visible. The 
shoot samples were dried at 140' F. and d q  weights recorded. 

The corn grain yields wsre determined by hand hcarvesting each of tlle hvo-rorv 
wide 16.25 ft. sarnphg .areas. Total gain plus cobs mass was determined from 2ach yield 
area, fiom whlch a subsample of 10 cobs were weighed and dned (140' F), and the gain 
plus cob moisture calculated. Cobs were then shelled and grain yield (15.546 moisture) 
determined. 

Statistical -4nalvsis 
The treatments were applied in strips across the entire length of the esperiment 

with 27 samphg locations per strip in an attempt to pick up field variability in so~ls and 
crop response. Crop responses were statistically evaluated using regession analysis in 
SAS proc GLM andor NLIN. In the analysis, the applied rreatments were added into the 
model as a class variable and soil test P was added as a regression variable. The average 
beatrnent responses were compared using SAS proc mi.. 

Geostatistical procedures were completed and maps generated for elevation, soil 
test P, check plot grain yield, and yield changes with each of the P treatments relative to 
the check yields (delta yield). The elevation map was overlayed on each of the other soil 
.md yield parameters. 

Each of the data sets were tested for norrn.&ty. If any data point deviated more 
than 4 standard deviations fiom the mean it was flagged and removed fiom the data set 
before determining the variogam model. A variogram model was calculated for each data 
jet usins a software program called GS'. ?he software allows examination of the 
semivaiance of each pair of data at each lag position. If one data point consistently 
caused the semivariance of a data pair to be more than three times greater or less than the 
main cluster of data pairs it was removed fiom the data set and a new variogam model 
was calculated. Several types of models were available in the program (hear. h e a r  to a 
sdl  exponential, spherical, and Gaussian). The model whch resulted in the best fit 
(lughest r3 to the data pairs was selected. If more than one of the models had a s d a r  i' 
the visual fit of the model to the data was used to select the variogam model. Variogram 
models were calculated for elevation, soil test P, and each of the treatment gain yields. 
The variogam models mere used in dztermining the largest sample spacing which could 
be employed on this site to adequately pick up the field variabhty present. 'lhs distance 
was set at 'A the maximum lag distance (htance at which data pairs are no longer 
spatially related). Going beyond !4 the ma;\;imum lag distance wdl result in data pairs 
which ars not sufficiently well related lo calculate accurate variogam models. 



I;;ri&g - of the data was completed using the variogam models fiom GS+ and the 
mapping s o h a r e  package Surfir. All of the data removed fiom the data sets before 
calculating the va r iogm models were reintroduced before kn,hg. Delta yields were 
determined in Surfer by subtracting the lagged data file for the check yields fiom that of 
the knged data sets of each of the P treatment yields. During the mapping of the data the 
scale used in each of the contour plots was based on the standard deviation of the data set 
involved. In each case the first map unit is * 0.2 sd from the mean of the data set. The 
next units are 0.6, 1 .O, and 3.0 SD from the mean in either the positive and negative 
drrection. The contour plots of soil test P, check grain yield, and delta yield maps for the 
three P treatments were overlayed on a 3 D map of the sites surface elevation. 

RESULTS rWD DISCUSSION 

Relationshiu between check vields and soil test P 
Using classical statistics there was no relationship between check gain yield and 

soil test P level (9 = -0.08). Figre 2 shows the yield pattern of the check plots over the 
variability in soil test P. The lack of yield response to soil test P is Likely due to the soil test 
P levels being 12 ppm and greater. Recent studies in southern Ontario (Lauzon and Miller 
1997) suggest that corn yield response to soil test P levels often reaches a maximum at 
about 12 to 15 ppm NaHCO, extractable P. 

The average treatment responses for shoot mass, ga in  moisture and yield are 
given in tables 1 and 2 for the 1996 and 1997 field seasons respectively. In both years all 
L 

fertdzer P treatments resulted in early growth shoot mass increases. Grain moisture 
content was reduced by all of the P treatments in 1997 but in 1996 only the combination 
of side-banding plus seed-placement resulted in si,dcant moisture content reductions. 
There were gain yield increases in 1996 with side-banding plus seed-placemeni and in 
1997 to only side-bandmg but average over the erltire field, these responses would not be 
economical given t l~e  current value of corn and P ferbker costs. 

Table 1. 1996 average plant responses 

Treatment 4-5 leaf 6-7 leaf Grain moisture Yield 

lb 1000 plants-' ?4 bu ace' 

Check 0.75 A' 13.2 A 34.7 A 110 A 

Both 1.06 C 19.2 C 32.5 R 116 B 

"means within the same column followed by the same letter are not siqificantly (P<O.OSj 
fiom one another. 



Table 2. 1997 average plant responses 

Treatment 5-leaf stage Grain moisture Grain vield 

lb 1000 plants" ?4 bu ac" 

Check 2.91 A' 33.3 A 95 -4 

Seed-placed 5.29 B 32.5 B 97 .U3 

Side-band 5.95 C 32.5 B 98 B 

Both 6.61 D 32.0 C 06 AB 

*means within the same column followed by the same letter are not si-gificmtly (P~0.05)  
kom one another. 

Soatial soil test P and crop vield patterns 
PL map of the elevation for the e,qerimental site is given in 6-we 1. which 

indcates approximately 5 fl change in elevation. There was a dstinct depressional area 
(at about 1000 A Northmg by 1200 f? Eashg). 

The spatial pattem of NaHCO, ekeactable P relative to elevation is @vcn in 6-me 
3. The variograrn model for soil test P was spherical with a nugget (y intercept) of 7.25, a 
sill of 19.2 .and a range of240 ft. Therefore the masimum distance that grid samples 
should be taken f?om at this site is about 120 ft. The current grid size wed for commercial 
grid sampling soil ttst P is approximately 330 ft. At 120 ft a sampling intensity almost 9 
times greater than the current commercial practice would be required. The 330 fi _grid size 
would miss a geat  deal of the variability and a accurate variogam model could not be 
calculated. 

The spatial pattern of gain yield when no P f e w e r  was applied is given in figue 
4. Notable is the low yielding area which occurred along the upper slope position of the 
knoll at about 400 ft Northmg. which also tended to be an area of lugher soil test P. As 
indcated by the simple regression between soil test level and check gain yield (Fi-we 2),  
however, overall the yield variability present &d not appear to be due to variations in soil 
test P. The yield pattem would indcnte a stronger snfluence of topography than soil test P. 
which may reflect the growing season soil moisture avdabdity in tlus rain-fed system. 

Delta yields (ferbhzer P treatment yields - check yields) are given in fi,oures 5 to '7. 
Yield response to seed-placed P appeared to occur only in a small proportion of the site in 
some of the low and high topograp hic positions (6,oure 5). Side-banding of the P f e w e r  
resulted in a slightly larger area of the field respondmg (fi,we 6), while the combination 
of the two ferhlizer t~tatrnents resulted in the largest area of response in the field (figure - 
7). The minimum yield increase required for each of the treatments to @Bet  the cost of 
the ferthzer are approsimately, 2 bu ac-I for seed-placement, 8 bu ac-' for side-banding. 
and 10 bu ac-I for the combmation of the treahnents. Given ttus information the areas of 
economic response art generally quite small, with the exception of the treatment where 



both seed-placed and banded P ferhhzers were applied. Again: soil test P and landscape 
position had little to do with debs these resporisive areas w i t h  the field. 

Coriclusioris 

The fact that much of the site appeared to be relatively non-responsive to P 
fertker  application does h u t  the extent to w l u ~ h  one can draw corlclusions regardulg 
the appropriateness of various apphcahon techniques for P management. The spatial 
patterns of yield and yield response to fe&er application indicated that mapping of soil 
test P, regardless of whether based on g-id or landscape patterns, would do little to predict 
the requirement of the crop for ferbker P as measured by the delta yield approach. The 
fact that many fields in Ontario have sol1 tcst levels equal to or hgher than those found in 
t h ~ s  study would also bring serious doubts into the profitability of varying fertker P 
applications. 

Compared to either seed placed or side-bxi~ded fcrbher applicatio~ls, the seed- 
placed plus banded ferhhzer treatment increase yields  TI one of the m o  study years, 
although ths yield increase would not off-set the addhonal cost of the ferhhzer when 
applied to the entirt field. Economical response were obtained in ceratin areas of the 
field, but there was no clear method of delineating where orle could expect to obtain a 
profitable response to the applied fertilizer. Research is continuing on sites with lower 
soil test levels of P and with Mering rates of banded P with the seed-placed keatments. 
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Figure 1. Field topographic map with sample locations 

Figure 2. 1996 check yield as a function of soil test P level 
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Figure 5. 1996 delta yield with seed-placed P fertilizer 
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Figure 6.1996 delta yield with side-banded P fertilizer 
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