Influence of Fertilizer Application Nonuniformity on Crop Response
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ABSTRACT

tevels of nonuniformity in K fertilizer application were estab-
lished in a field cxperiment on a K deficient soil. Measures of pni-
formity of fertilizer distribution (UCF) were cniculated from|the

coefficient of vurintion (CV) of K application (UCV =
The siructure of spatial dependencr of exchangenble soil K wag ysed
O estimate the proportion of a given experimental plot which shiy!d
be beluw 4 tpecified threshold of exchwngeable K. Fertilizer req‘
ments were estimuted on the bagig of the proportion of the resgion
that was deficient, If deficient areas were identified in the Field, then
variable rates of fertilization could be upplied. The respome of
chingce cabbage (Brassica oleracea L. Chinensis) to K application
was strongly affected by the uniformity of fertilizer distribuigion.
Maximum yield decreased 9.5% with nonuniformity of fertilizer dis-
tribution. Amounts of K associated nith 95% maximum yieid were
97, 3 13, and 444 kg K ha-' for UCF values of 1.0, 0.42, and = 0.62,
respeqtively. Correspending tissue K concentrations associated with
95% riaxitaum yield were 3.5, 3.8, and 4.0%. Increased variatiign in
exchangesble K from CV = 44,1% to CV = 96.6% resultjp in
critical levels of goi] K of 0.28 and 0.73 emol, ha-*, respectivel +
]

[ TNIFORM APPLICATION OF FERTILIZERS 1s usuially

J considered essential for maximum yield. Exgess
fertilizer in some spots within a field may decrease
vic'd and profit. Investigations that describe relation-
ships hetwecn nonuniform fertilizer application and
¢rop yweld are rare, however. Nonuniform fertil izer
applivaticn can occur because of faulty machinery,
faulty machine opetation or because of fertilizer prop-
erties wirich adversely affect the performance of . ithe
machine. According to Green et a. (1968) equipmcnt
should be rapable of applying fertilizers to meet |ag-
ronomic Standards. They proposed that “Fertilizer
shall be applied so that when the application rate is
rmeasured oy art-as not less than 1 foot by [ foot and
not greater than 1.5 feet by 1.5 feet, the measurcd
variation from the mean rate shali be such that it can
ve guaranteed that on 95% of the total area the vari-
ation from the mean rate will not exceed -+ 20%]| on
highk-value crops and + 30% on low-value crops: over
the whole area the variation from the mean applica-
tion rate shall not exceed +30% and + 45% for high
and low crops, respectively.” Even hand applica tion
of soliék fertilizer in cxperirnental plots may not myect
these standards. ]

Rates of fertilizer application are usually deter-
min:d by comparing soil test values with a i critical
,valuz appropriate for the nutrient and situation under
study. Although nutrient varability across a field may
reduce vicdd and result in wasteful application,, spatia
varnahility of the soil nutrient is seldom considered.
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Geostatistical concepts and mcthods of studying two-
and three-dimensional variation in soil properties
provide new ways to quantify nutrient content and
variability and may be useful for estimating rates of
fertilizer application rnore precisely.

The objectives of this study were to (i) test the use-
fulness of geostatistical methods as tools for estimat-
ing rates of fertilizer application, (ii) investigate crop
response to nonuniform K application using cabbage
as an indicator crop,

MATERIALS AND METHODS

Site Description

The study was conducted on a 92- by 42-m falow field at
the Upiversity of Hawaii Volcano Research Station on the
island of Hawaii. The experimental site was located at 1200
m elevation with a mean annual rainfall of 3000 mm and
mcan annual temperature of 14 °C. The soil was a medial
over thixotropic, isomesic, Typic Hydrandept (Puaulu se-
ries). The Puaulu series consists of well-dratned soils devel-
oped in geologicaly recent volcanic ash (Ikawa et d., 1985).

he subsoils are smeary and dry irreversibly.

Spatial Structural Analysis of Soil Potassium

In order to assess thc magnitude of soil K spatial varia-
bility. 161 samples of field soil from O- to 1 5-cm depth were
taken With @ 7.5-cm diam. auger at 2-m intervals along four
transects (N-S, E-W, NE-SW, SE-NW). Exchanqheab!e K
was extracted from' field-moist soil samples with 1 M
NH,OAc pH 7.0. Potassium in NH,OAc extracts was de-
termined by atomic absorption spectrophotometry. Semi-
variograms were computed to investigate the degree of spa-
tial dependence of exchangeable K (Yost et d., 1986).
Semivariograms were computed from log-transformed data
since exchangeable K was lognormally distributed. The
semivariance is defined by

y(h) = /2 E{Z(x + h) — Z(0)). (1]
An unbiased estimatc of semivariance is obtained by
NItE)
y {(h)= 11\’(!;) D [Z0x) ~Zx: + WP (2]

A
where E dcnotes expectation, N{/) is the number of pairs of
values Z(x;), Z(x, + h) separated by a distance 4. Aniso-
tropic variation of exchanfgeable K was evaluared by cal-
culating semivariograms of four directions s, 90, 135, and
| §0°), each subtending an arc of 45" (+ 22.5"). Isotropic
semivariograms, considering all samples takep in all direc-
tions (90" + 90°), were also calculated.

A Geostatistical Approach t0 the Determination
of Potassium Application Rate

The fitted isotroElic semivariogram of exchangeable K was
used to estimate thc average Icvel of cxchangeablc K of 8-
by 4-m blocks using block Kriging. These blocks were later
used as cxperimental plots. Given a lognormal distribution
of soil K test vaiues, the cumulative probability density
function of soil K is given by Eq. {31 (Matheron, 1955).

fix) = —= i (—mx; <

(3]

TxYLT

-t

911,

i




F».uw.......__ﬁ,.. e S L. et e A et et o+

NDIAYE & YOST: FERTILIZER APPLI(.‘:\TUL)N NONUNIFORMITY AND CROP RESPONSE

where p 15 the median of the distribution. The mean of x‘hc
fognormal (1 n ) distribution can be estimated by Eq. [4]
{Matheron, 1955)

2

a
= — 4
m=pes . t 1
Rearranging EQ. [4] yields
Ing=1Inm - Ez— 51
M 5
and let
In x = |
7 n X lng [6]
o
: e-2n
The value of the integral G(Z) = 2Lz can |be
found in standard statistical tables. 27
Then substituting Eq. [5] into Eq. [6] yiclds
| X o
Z=-In=+ 2. 7
a n m 2 7]

Given acritica level (X.) of exchangeable K, thc proporﬁon
of each block above that threshold is given by Eq. {8]

T = f " o dx.
X,

(8]

For the lognormal case Eq. {8] becomes (David, 1977

1 X o
Ty =0l-In— + - 9
(X ’La " m, 2) (5]
where X, = critical level of cxchangeable K and is co ;id-
ercd s a random variable with a spatial componenti ., a

regionalized variable, G = cumulative normal distribi |ion
function, m, = mean of exchangeable K (kriged valug) [ind
a = square root of the estimation variance. Thc var |[nce
term, commonly known as the dispersion variancc or | |ack
variance, iS unique to the geostatistical approach. | |de-
scribes the way in which exchangeable K varies withi | an
area of specified dimensions.

From Eq. [8] the proportion of the area below the cr
level (0.8 cmol,/kg) was calculated as follows

ical

1 X. o
. =] — —In—~< 4+ - 10
Aixy 1 G(U In ) 2) ]

The amount of” exchangeable K above X,, expressed |Sa
%ogortion 1o the total amount is given by Eq. [11] (D |'id,
m

f i X flx) dx

Xe .
Q(x(.) = 1]
j x flx) dx

]
For = lognormal distribution Eq. [{1] bccomes (David, | | 77)

Q(x,.) = G(l In i& - E) . 12]
a

m, 2

From EQ. [ 12] thc amount of cxchangeablc K in the deti |ent
zone, cxprrsscd as
X

1 . .
[3(_\»,=I—G;ln;l;-§ . ]3]
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The level of exchangeable K in the deficient zone of the
specified area was estimated by dividing thc amount of nu-
tricnt in the deficient zone by the size of the zone

3 v
Mu’,‘) = %f—‘-) m,
m, [l -~ G(-l In Xe _ E)}
o meg 2
= . [14)

Ay
I - G(l ln—&— + g)
g m, 2

The amount of K necessary to bring 0, 25, 50, and 1((%
of the deficient*area up to the critical level was determined.
Thisyielded four rates of K application (0, 70. 140, and 280
kg K ha-'), An additional rate, 560 kg K ha-*, was added 10
ensure sufficient K was added.

Experimental Design and Fertilizer Application

A 3*X 5 factorial arrangement of treatments with three
replications was laid out in a split-plot design with three
indices of fertilizer distribution as main plots and five rates
of K as subplots. The index of fertilizer distribution was
defined as thc ratio of the garea fertilized in each experimen-
tal plot to the total area and was determined as follows: a
I- by I-m grid was superimposed over each 8- by 4-m plot.
The percentage of gridcells randomly selected to receive K
fertilizer applications was 100, 75, or 50. This resulted in
three indices of fertilizer distribution (1.0, 0.75. 0.50) and
c?_nscquemly, three uniformity coefficients of fertilizer ap-
plication.

Each experimental plot received a uniform fertilizer and
lime application which consisted of 120 kg N ha! as
{NH,),S0,, 235 kg P ha-’ as wreble superphosphate, 15 kg
ha’ cach of Ca and Zn as sulfate, 15 kg B ha-! as borax,
and dolomite at 2 t ha-*, all incorporated into the soil with
arototiller, Potassium fcrtilizer was then applied by hand
in grid cells and rototilled into the soil. Two weeks after
fertilizer application the same - by I-m moving grid used
for fertilizer application was superimposed over each plot.
Soil samples were taken from the 0- to 15-cm depth from
the center of each cell with a 7.5-cm diam. auger. Exchange-
able K was extracted with | M NH,OAc pH 7. Seedlings of
chinese cabbage were transplanted into experimental plots
3wk after fertilizer application at a spacing of 90 by 40 cm.
Four weeks after transplanting a top dressing of 120 kg N
ha-! as urea was applied. Cabbage heads were individually
harvested and weighed in the field, Cabbage leaf samples
were taléen, dried at 60 “C, and nutrient contents were de-
termincd.

RESULTS AND DISCUSSION
Standard  Statistical  Analysis

Distribution function of exchangeable K was eval-
uatcd using a probability plot and the Kolmogorov-
Smirnoff D statistic (Barr et al., 1979). The results in-
dicated that exchangeable K could be approximated
to a lognormal probability distribution. The mean of
log-transformed exchangeable K re-expresscd in terms
of the original data (Haan, 1977) was 0.2 cmol, kg-’
with a standard deviation of 0.025 and a coefficient
of variation (CV) of 12.6%. The variability of
exchangeable K was influcnced by thc support size
(soil core). This is the classicad volume-variante re-

lationship-(Froidevcaux; 1982)-which states that-the --— —--

average values of large samples will bc lcss dispersed
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(smaller variability) than thc average values of small
ones. Hence, the overdl variability of the proper ty
under study will depend to a grcat extent on the size
of the soil core. The number of samples nccessary 10
estimate the mean value with a given level ofcertain ty
was calculated by Eq. [15]

2= [15]

where 1 is the two-tailed student’s { with infinite de-
gree of freedom at the confidence level a, d is the
allowable crror (precision required within the given
fimits of the true mean), and S? is the sample vari-
ance, The results of such calculations showed that six
samples would be requircd to estimate the true mean
of exchangeable K to within 10% of thc sample medn
al 0.05 probability.

While this information is useful, it is only a porti on
of thc knowledge required to efficiently sample an
area: 1t iS also nccessary to estimate the minimum
distance for spacing the samples. The geostatistical
analysis provides an estimate of the minimum sams-
pling interval.

Spatial Analysis of Soil Potassium

The results of the analysis of directional semivar-
iogrars suggested that exchangesble K varied iso-
tropically. The isotropic semivariogram of exchange-
able K. is shown in Fig. 1. It indicated the presence «f
4 largs nugget effcct. The nugget variance accounted
for 25% of the variancc of exchangeable K. The range
of gpatial dependencc was about 17 m. The range 1n-
dicates a zone of influence of a sample and is an ¢s-
rimate of the minimum distance required for spacing
of independent samples. Samples farther apart than
the range are cnnsidcred to be independent of each
other. Regionalized variable theory can be applied|to
augmeni thc classical approach which assumes that
deviations about the mean have a random geographic
distribution. Using the range, the number of samples
required in EQ. [ 15] can be determined <0 that tHey
are spatially indcpendent.

The spherical model weightcd for the number |of
pairs in cach lag was fitted to the experimental semi-
variogram using the SAS noniinear agorithm (Barr et
al.. 1979) to obtain semivariogram parameters

. U o o <
yih)y=C,., + CLl.;“O.S; orh<a

¥y = C, + Cfor h > a [}6]

where (© = spatial covariance; a = range of spatial dePcn-
dence: h = lag distance.
Yield Response ta Nonuniform Potassium
Application

Thec uniformity coefficient of fertilizer applicat
for each plot was defined as

on

UCF = [ - E)

0

where UCF is the uniformity coefficient of fertili

[}1 71

zer

application, and § and @ arc the standard deviation

Ssmivariance
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Fig. 1. Experimental (stars) and theoretical (solid line) semivario-
grams of exchangeable K.
&
and the average rate of K application respectively. The
uniformity coefficient provides an overal indication
of the evenness of fertilizer application. The UCF val-
ues were calculated for.each of the three levels of uni-
formity. However, for the case where 100% of the grid
cells in each plot received the same amount of K fer-
tilizer a UCF vaue of t was assumed.

The relationship between cabbage yield and K ap-
plication is shown in Fig. 2 for the various uniformity
coefficients. Cabbage yields decreased with increasing
nonuniformity of fertilizer application. The spatial
variability of soil properties across the field also sig-
nificantly influenced yields. This can be seen from the
differences in yield with no K application.

To quantify the relationship between yield and rates
of K application the data were fitted to a Mitscherlich
model

Yo = A — Bexp (-CQ) 18]

wher: Y, = yield (Mg ha'), 4 = maximum yield,
B and C are fitted coefficients, and Q = amount of K
applicd. The amount of K required 1o attain 95% of
]maximum yield was calculated from Eq. [I8] as fol-
OwWSs

KRgs = (In B =1In A4 --In 0.05)/C.  [19]

Values of KR,, for the three lcvels of variability were:

97 kg K ha-! for UCF = 1.0.
113 kg K ha’ for UCF = 0.42, and
KRy = 446 kg K hat for UCF = -0.02.

The geostatistical_techniqnes employed earlier to
determine rates of fertilizer application indicated that
the application of 97 kg K ha” would bring 35% of
the deficient area up to the critical level of 0.8 cmol,
ha*. If acritical level of 0.5 cmol, ha-i were selected,
however, 97 kg K hai would adjust 70% of the defi-
cient area to the critical. In this manner the relation-
ship of critical |evel to the proportion of each plot
below the threshold’can be estimated and, in turn, be
used to determine rates of K gpplication. Geostatist-
ical methods provide relatively precise estimatcs of K

A
Z
Inmnn

content:-Rates-of~K-applicationr-can- be-gbtained-by -
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1985). Geostatistical techniques described in this pa-
per provide an optima method to develop such maps
from soil sample data

Predicting Yield from Potassium Application
and  Nonunifor mity

Because variation of K application significantly af-
fected yield, and a relationship between yidld per unit
area and the application rate was established, it was
useful to develop an expression for yield as a function
of application rate and nonuniformity. Neglecting ge-
netic factors, crop yield can be assumed to depend on
both the average rate of K application over the area
and the spatial deviations from that average (Zaslav-
Mo sky and Mokady, 1967). The relevant expression is
(Zadavsky and Mokady)

; 1{3*Y
’ Yo =7Ya+ 5(@3) St [20]
where Y, is the spatial average crop yield, Y,,, is the
yield tha? would have been obtained with perfectly
uniform application (Q = (), i.e., no fluctuation in Q),
and %, is the spatial variance of fertilizer application
(Q), and is also called the fluctuation index (FI). The
2
term % (j—Q)—:) is called the response index (RI),, The
product of Fl and RI is the fluctuation response Index
(FRI) and this expresses changes in average yield due
to fluctuations in the level of applied nutrient.
In order to calculate the effects of nonuniformity of

28 T T s v -
0 200 400

K Applisd, kg ho-’

K fertilizer application on cabbagé yield Eq. [ 18] was

“’" substituted into Eq. [20] to obtain

4
41 4

38 - * UCF = ~0.02

Yield, tonnes hg —!

V- 1{a2Y) .,
@ = 4= Rexp(-CQ) + 3 Yo Sta- [21]
Rearranging Eq. [17] and substituting for §? in Eq.
[21] one obtains

Yoo = A ~ Bexp(=CQ)

{azY :
ey |8 X _ '
0 [D(l UCF)} [22)
Because yields of cabbage on no-K treatments varied
due to inherent variability in soil properties, the yield-
fertilizer function obtained with UCF = 1.0 could not
be considered as Y,, in Eg. [20]. An estimate of Y
was obtained by pooling the data from the entire ex-
periment and fitting Eq. [ 18]. Therefore the fitting pa-

) 200 400
K Applied, kg ho-’

Fig. 2. Relationship between cabbage yield and rates of K applicat
for various levels of uniformity of K fertilizer application.

methods described in Eq. [ 13] if the semivariogn
of soil K is known, and if an adequate number
samples are avalable. Fertilizer rates can then

based on the proportion of the deficient area belov
standard. If the deficient zones are large and cont
uous, they can be identified and fertilized separatc
Another method of applyin? fertilizer to nonunifor
soils is possible with variable rate fertilizer spread:
which use maps of nutrient levels as a guide (Luelle

wo  rameters A, B, and Cin Eqg. {22] are those estimated
from the pooled data with A = 39.98, B = 10.17, and
C = 0.0172. Using Eqg. [22], cabbage yield was pre-
dicted for UCF values of 1 .0, 0.42, and -0.02 and for
different rates of K application. A plot of predicted
yield against observed yield is shown in Fig. 3. A sig-
f nificant (P < 0.05) correlation coefficient (r) of 0.89
was found between observed and predicted cabbage

| yield. _
Expressing yield as relative yield (Y, = /4, with
. A = 39.98) curves of relative yieid as a function of
the nonuniformity_of fertilizer application were drawn
in Fig. 4 using Eq. [22]. It can be seen from this figure
that the decrease in relative yield with decrease in uni-

o —————— T
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Fig. 5 Comparison of predicted and observed cabbage yield.
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Fig. 4. Calculated relative yield of cabbage as a function of| uni-
formity coefficient of K fertilizer application for four rates pf K
application.

formity coefficient was most pronounced at applica-
tion rates <140 kg K ha-‘. This is aso shown. in |Fig.
5 by the relationship between relative fluctuation re-
sponse index and uniformity coefficient. These |cal-
culations showed that the decrease in relative FRI
witk increase in UCF was much steeper for lower rates
of fertilizer application.

There are some limitations on the use of data ffrom
experiments which measure crop response to nonun-
iform application of fertilizers. If argas of nonuni-
formity are sufficiently small, the nonuniformity may
not be important because individua plants may draw
nutrients from areas receiving both high and low dates
of fertilizer. In this way, individual plants may aver-
age nonuniformity in fertilizer application rate. Little
information is available on the minimum area ¢over
which nonuniformity of application should be consid-
ered. Prummel and Datema (1962) determined that
inequalities in rate of application were only important
when the areas of fertilized and “unfertilized applica-

non were greater than 0.5 m. Factors which affect rrool

3
o
("™
]
2 4 K
T . /4/ - - 70 kg/ha
= ’
& 5 A s 140 kg/ha
- ’,’ '/" o 210 ko/hq
N seenss 280 kg /ha
.7 ]l
0.0 0.2 0.4 0.0 0.1 1.1

Uniformity Coefficlent, UCF

Fig. 5. Calculated relative fluctuation response index (FRI) as a
function of uniformity coefficient of K fertilizer application for 4
ratcir of K application.
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3.8 4.0 4.2 4.4 48 4.9

T
3.2 3.4 3.6

Leat K Concentratlen, %

Fig. 6. Relationship bctween cabbage yield and K in dry matter as
affected by uniformity of K application.

zone volume, such as plant species, population den-
sity and row width, wili probably influence the size of
area that is sufficiently nonuniform to affect yields.

Increasing the uniformity of fertilizer application in
order to improvc crop yield must be viewed critically.
Under certain conditions ensuring uniform fertilizer
application may be expensive without commensurate
increase in yield. Under other conditions, however,
yield may be greatly increased through uniform ap-
plication of fertilizer. .

Yield-Tissue Potassum  Concentration  Relationship
as Affected by Nonuniformity of Potassium
Application

The relationship between yield and K concentration
in cabba?e leaf is shown in Fig. 6a, b, and ¢ for UCF
values of 1.0, 0.42 and -0.02, respectively. The re-
sults are in agreement with the general relationships
reported in the literature between plant nutrient status
and crop performance (Dow and Roberts, 1982).

However;” the-scattering of points along éach cufve ™
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Fig. 7. Relationship between relative yield of cabbage and excha nge-
able K as affected by spatial variability of soil K.

indicates thc difficulty of determining a specific per-
centage as the critical potassium concentration.
Graphical determination of K associated with 95%
max.:mum Yield gave 3.6, 3.8, and 4.0% K for UCF
valugs of 1.0, 4.2, and -0.02, respectively. Neverthe-
less the variation about the regression line supports
the contention that a narrow range of concentrations
rather than a single value scems. more appropriate in
cvaluating nutrient status of crops (Dow an:d Roberts,
1982,
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Cabbage Yield as Affected by Spatial Variability
of Soil Potassium

The effectiveness of a soil K test isusually measured
by its accuracy in predicting crop response to applied
K. The goal of such a test is to.measure the quantity
of plant-available K. and. therefore the test is nega-
tively related to responsiveness and amount of K re-
quired to make up the deficit. Figures 7a, b, and c
show the relationship between relative yield and
exchangeable K for various coefficient of variation
(CV) of soil K. The general form of the relationship
was

Y=a+ bx (23]
where Y = rdative yield, x = exchangeable K, and a
and 4 are constants. The level of exchangeable K as-
sociatgd with 90% maximum relative yield incrcascd
with increasing CV: 0.28 cmol. ha’ for CV = 44.1%.
0.31 cmol, ha! for 67 == 67.0%, and 0.73 cmol, ha™!
for CV = 96.6%. A critical level of 0.28 cmol, ha*! is
suggested by Boyer (1972) for tropical agriculture.

Thc range in nonuniformity in this study is within
the ranges of nonuniformity reported in several stud-
ies. A CV value of 44.1% is consistent witli values
reported by Beckett and Webster (197 1), and Courtin
et al. ( 1983). However, Trangmar (1984) found a CV
value of 105% in a study area of about 0.1 hain Si-
tiung, Indonesia. He attributed this high heterogeneity
to differences between burn sites, areas of exposed
subsoil, and intermediate areas of surrounding soil.
The results obtained in this study g%gest that an av-
erage soil K test value may be misleading if the spatial
variability K is not considered.

CONCLUSIONS

The response of chinese cabbage to K application
was strongly dependent on the uniformity of fertilizer
distribution. Different maximum yields were obtained
with different levels of nonuniformity of K. With a
uniformity coefficient of -0.02, the K requirement
was four times greater than that for more uniform
conditions.

The decrease in yield due to nonuniform applice
tion of fertilizer was quantitatively described by the
fluctuation response index., The fluctuation response
index value decreased with increasing rates of K ap-
plication suggesting that at higher rates of application
the areal uniformity of fertilizer application became a
less important influence on overall yied.

The geostatistical approach used to determine rates
of K fertilizer is a promising technique for determin-
ing fertilizer quantities needed to adjust fertility to a
given critical level and for estimating the dstatistical
distribution of nutrient in crop fields. Variable rates
of fertilization can be applied if deficient zones have
been identified in the field. The level of exchangeable
K associated with 90% of maximum relative yield in-
creased from 0.28 c¢mol, ha! for a CV of 44.1% to

0.73 cmol ha~! for a.CV of 96.6%. The results suggest ...

that an average soil K test value may be misleading
if the spatial variability of soil K is not considered.
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Injection of Nitrogen in Winter Wheat

H. H. Janaen* and C. W. Lindwall

ABSTRACT

Pcint injection may enhance N fertilizer use efﬁciency in iinter
whezut but optimum application parameters have not been identified.
Three field experiments, employing SN tracer techniques and jman-
val injections on small plots, were established at two sites in south-
ern Afberta, Canada, to. Mlentify optimum injection intervals and
injection depth for spring point-injection of urea-ammonium nEtrate
solution (UAN). The optimum lateral (across-row) injection interval
was found to be the equivalent of two row spacings (40 cm). Higher
intervals resulted in unacceptable variability in N availability be-
cause wheat in rows not directly adjacent to injections assimjlated
comparatively little fertilizer-derived N. The optimum longitudinal
injection interval was also approximately 40 ¢cm. Analysis of fertil-
izer N distribution from the injection point demonstrated unaccept-
able variability when this interval was exceeded. Crop uptake of
fertilizer N was reduced when the injection interval was increased
from 40 tu 60 cm. Adoption of ~smaller injection intervals im both
dimensions, while not jeopardizing fertilizer use efficiency, 1’0“”
incriase the cost of fertilizer application. The optimum in{'bction
depth wag observed to be approximately 10 cm. Grain yield response
and fertilizer N recovery in the crop increased four- and thre¢-fold,
respectively, when injection depth was increased from 25 to 10 cm.
Thix effect wag attributed to the inaccessibility of fertilizer N fresid-
ing in dry surface seil. Injection of fertilizer at 15 cm rather than
10 cm demonstrated no additionnl ndvantnge.

PRIMARY LIMITATION of current production prac-

A tices for winter wheat in the northern Great
Plains region is the absence of an efficient means of
applying N fertilizer. Fall-applied N is susceptible to
substantial overwinter losses and may reduce the|win-
ter survival of wheat (Freyman and Kaldy, 1979;
Grant et al., 1984, 1985). As a result, the currgntly
recommended application strategy is to topdress N
onto the winter wheat crop in spring (Black and Sid-
Soil Sci. Scction, Agric. Canada Res. Stn., P.O. Box 3000, |Main,
lcthbridge, Alberta, T1) 4Bl Canada. Contribution no. 3878855.
Received 7 Sept. 1988, *Corresponding author.

Published in %oil Sci. Soc. Am. J. 53: 1878~1883 (1989).

doway, 1977; Christenson and Meints, 1982; Fowler,
1982). The efficiency of top-dressed N, however, may
be limited by volatile losses (Keller and Mengel, 1986;
Mcinnes et a., 1986), biologicd immobilization in
surface residues (Fredrickson et al., 1982; Sharpe et
al., 1988), and inaccessibility to wheat roots in dry soil
conditions (Harapiak et a., 1986).

An approach which may circumvent some limita-
tions of conventional application methods for winter
wheat izé)oint injection of fluid N fertilizer, & method
developed for fertilization of row crops (Baker et d.,
1983). If adapted for winter wheat production, this
method could facilitate effective N placement in
spring without appreciable disturbance of the growing
crop and thereby increase fertilizer use efficiency.
Other potential advantages of this proposed method
include compatibility with conservation tillage sys-
tems because of minimal soil disruption, and reduced
energy consumption because of ver-y low draft require-
ments relative to conventiona banding methods.

The first step in the effective exploitation of point
injection for the enhancement of fertilizer use effi-
ciency in winter wheat is the identification of opti-
mum application parameters. Two of the most im-
portant variables are the geometrical spacing of
injection points and the depth of injection. Optimi-
zation of these variables is prerequisite to the mean-
ingful comparison of point injection with conven-
tiona application methods.”

The objective of this study, thercfore, was to deter-
mine the optimum spatia arrangement and injection
depths for point injection of N in wintcr wheat. This
objective was addressed under field conditions using
15N tracer techniques to quantify N distribution from
injection points and determine fertilizer uptake effi-
ciency as a function of injection interval and depth.

MATERIAU AND METHODS

. Three field experiments.werc conducted -in. southern Al-
beria, Canada, during 1985 and 1986 to determine distri-
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