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ABSTRACT

The use of variable rate technology has become increasingly popular for
applying plant nutrient elements. The most widely used method for determining
variable fertilizer rates is presently based on soil testing and yield mapping.
Three field studies (Burneyville 1995, Burneyvilie 1996, and Ardmore 1996}
were initiated in established Midland bermudagrass [Cynodon dacrylon (L)
Pers.] pastures to determine the relationship between spectral radiance at
specific wavelengths with forage nitrogen (N) removal and biemass, and to
determine field variability of soil test parameters. Variable N (applied to 1.5 x
2.4 m subplots within 2.4 x 45.7 m main plots), fixed N and check treatments
were evaluated at each location. Spectral radiance readings were taken in the
red (67146 nm), green (570+6 nm), and near infrared (NIR) (780+6 nm)
wavelengths. The normalized difference vegetation index (NDVI) was
caleulated as NIR-red/NTR+red. Variable N rates were applied based on NDVI.
The highest fixed variable N rate was set at 224, 336, and 672 kg N ha for
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Bumeyville, 1995, 1996, and Ardmon:
s ) : e, 1996, respectively. At Bumeyville, soi
samples were collected in all variable rate plots(1.5x Z.i m)and analyz::jsle:

various soil test characteristics. NDVT, red, green, and NIR spectral radiance

readings were correlated with bermudagrass forage N removal and yield

Correlation of forage yield and N )
. . removal with red, N IR
with maximum forage production, how d. NIR, and NDVI were best

; evet, when forage production level
were low correlation decreased dramatically for the red wavelength compar:;

:;tath‘;II:sapd NDVI. Forage vield and forage N removal in variable rate

preame :d aﬁl;r;::;d \tvehcnhcoml;:ared to the check while being equal to the
- raies where higher N rates were applied. Al iabili

about the mean in variable rate igni iy lower tha ballforn)

plots was significantly lower th
and fixed rates which su justi od on indiret ed
pports adjusting N rates based on ind;
measdrements. Variable N rate plots redu lizes inputs by 60 ans
: ced fertilizer inputs by 60°

produced the same yield as fixed rate i a et
' : plots, while fixed and half-fixed rates di

rsnzt‘lmcrea;se N content in the forage over that of the variable rate ueatn:enltd

i sample data collected from small consecutive plots (<4 m?) was cxtrcmcl};

variable indicating that intense sampli
e mpling would be needed if vari "
application were to be based on soil test results. ded ifvariable ferifizer

INTRODUCTION

The use of sensor-
studied. Spectral ra
soiland NIR instru
in forages. The u
becoming increas

diance has been previoust
y used to detect weed versus bare
Sl;‘lﬂflfS ha\‘re. been use.d to detect protein content and digestibility
s t1> precision farming for applying plant nutrient elements is
besoming inorea gly ;?opular although the most widely used method to adjust
yie]dm apﬁ Ication continues to be soil testing. Kincheloe (1994) noted that wide
variations occur in fields which have continuall i i
and where much of the variability is due i Wibaw etal. Qoam e inputs
to soil type. Wibawa etal indi
thata 15-m sampling grid was a be i ‘ il oo dicated
tter estimator of field variabili
76-m sarnpling wrid e e, r1301lity compared to a
' ; yield increased from the reduced grid si
mtense sampling resulted in 2 lower net re i oo
: turn because of the high li
testing costs. Han et al. (1994) calculated the minim i bt s
ool o Eoogh st - umum cell size by subdividing a
gions that soil properties within regi i
thus keeping application rates cons i at theminiunn oell o
eep tant. They estimated that the min; i
:‘:r ;:;l mtl:a:; l(NOJ) concentration was 20 m x 20 m, Cahn et al (lg;;l;n azzlllyszl:;
atial vartability of soil properties and nutrient ¢ ions i
oncentrations for site-specj
:'rgz[l:am:igement afldb concluded that reducing sampling intervals from SSl:zcll tjri
reduce variability of soil water content, soil i
ould re s organic carbon (C),
:;g;]t:ter:g;g:nggbg%g), pclllc;;p;hate-phosphoms (PO,-P), and potassium( (Ig)
» 79, 29, 64, and 58%, respectively, Vansich d De Baerde
(1993) reported that 6 7% of the variability i 18 i was oup e
' . ability in corusilage yield was explai i
sampling variables, Wollephaupt et al. (1994} estimated rnapping :Eﬂgysg;]

based variable fertilizer application has not been extensively .
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dividing a field into cells of 97 m* and taking a composite soil sample from each cell.
They also looked at a second field and divided it into cells of size 32 m” and took
samples using a grid-point method in which soil samples were taken on grid
intersections. This work showed that the 97 m? cells were not acceptable for
variable rate fertilizer application and if used would result in some misapplication,
while the 32 m grid-point samples increased mapping accuracy by 38%. Chancellor
and Goronea (1994) found that application of N in wheat based on spatial variability
of <1 m intervals increased N-use efficiency 12% over spatial variability greater
than [ m.

Recent work by Stone et al. (1995) has demonstrated that total plant N can be
estimated by using spectral radiance measurements in the red (671 nm) and NIR
(780 nm) wavelengths. A plant-nitrogen-spectral-index (inverse of NDVI) was
used to calculate the amount of fertilizer N required to correct in-season winter
wheat N deficiencies. Blackmer et al. (1994) stated that light reflectance near 550
nm was best to separate N treatment differences and could be used to detect N
deficiencies in com. Work by Bowman (1989) measured leaf spectral reflectance of
cotton in the near-infrared spectra (810, 1,665, and 2.210 nm) as it related to relative
leaf water content, total water potential and turgor pressure. Hagger et al. (1984)
used 2 hand-held meter which measured relative intensity of reflected light at 650
and 750 nm on various legumes and grasses, and indicated that the meter could be
used to discriminate between white clover and N-deficient grasses. Green leaf dry
matter and infrared/red ratios indicated that reflectance measurements could be
used to estimate leaf dry matter or leaf area measurements in spring and winter
wheat (Aase and Tanaka, 1984). Everitt et al. (1985) studied the relationship of
plant leaf N content and leaf reflectance from 500 to 750 nm and concluded that
buffelgrass which received no fertilizer N resulted in higher reflectance readings.
Kleman and Fagertund (1987) found that an infrared/red ratio was strongly correlated

with biomass 200 days after planting barley. Walburgetal. (1982) measured speciral
differences across N treatments in corn and found that N treatments had an effect
across the entire wavelength interval measured (0.4 to 2.4 um). Readings in the red
reflectance increased from N-deprived canopies, while the near infrared reflectance
decreased, with a near infrared/red ratio differing more than a single wavelength.

The objectives of this work were to determine the relationship between spectral
radiance at specific wavelengths with total bermudagrass forage N and biomass
and to quantify soil test variability in small plots.

MATERIALS AND METHODS

For all experiments, forage spectral radiance measurements were obtained using,
an integrated sensor and signal processing system. Photodiode detectors included
interference filters for red (67 1+6 nm), NIR (78046 nm), and green (5506 nm) with
a spectral band width of 0.46 m and 0.075 m long. Using sensor measurements
obtained for NIR and red uncalibrated voltage readings, NDVI was calculated
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TABLEL. [Initial surface (0-15 cr) suil & isti
t i ificati
o Banyvitle OK oo 199)& il test characteristics and soil classification, Argmore

Location pH Total N Org.C NH,-N NO,-N

Boreyvin “
rneyville 5.7 .

Classification : Minco fine nn?iyaloam (co:r;:-sihy, mixe;'tshermic Ud?gHa lust l23 b

- plustoll) '

Ardmore 54 0.6 9.6 15.8 1.4 9 t41

Classii tcation: Wilgon §ilt loam (l ne, montmor iil'omtic, thcn‘nic Verﬂ'g Oghmqua[f_g)
Bumeyvllle 5.4 a9.8 9.1

Classification: Minco fine sandy loam {coarse-silty 8.7 1.2 30 149

mixed thermjc Udic Haplustoll)

pH-1:1 soil:water, total N and organic C-d j
extract, P and K-Mehlich HI extractigon. 1 combustior, NH,-N and NONIM KD

::.:;ui ?gg\;;rlgsgcit:ﬁt;;; a:. (1993]);1 Perry and Lautenschlager (1984), and Sancan
. . ce readings were obtained at the start of the experi
and before each subsequent forage harvest. The senso vte mounted
on the front of a John Deere Model 318 law.'n and gard , C;;n ot ing s e
of 3kmhr'. Approximately 10 readings were mkin ens o '1'8""611118 oy
100 readings from each 2.4 x .5 m plot. Red, NIR, axf: oo mine Srom
each plot by averaging the collected readin,gs All selig:::!;;:?i:xd:t e ok ﬁﬂm
Y av . were taken
:;l:?, :alil?-; :r“:qc[t)l:; (;01:;12 t;ocr alall f:xpe;;i'n;fnts. Variable N rates wegre applied];as;:
' - ale in which readings wi i
(highest total forage N) received the lowest fcrtilligze:vllqﬂ::at:l: ggﬁztlﬁggg\l:
value (lo‘west total forage N) receiving the highest fcrtﬂize; N rate, dependent on
tl?e Jocation and year. All variable N rates were broadcast by hand,as ap;nmo i
nitrate (NH,NO,) to each subplot, e
All forage samples (prior to and after fertilization) were collected using a self-
propelled John Deere 256 rotary mower at a height of 0.09 m. Plot weights were
rec_:orded and sub-sampled for moisture and chemical anal ysis Sub-samg les wer
dried for 120 hr in a forced-air oven at 70°C and ground to pass; a lOO—mesph sc.remc
Bcnnud'agmss forage and soil samples were analyzed for total N and organic carbons;
© (soﬂ on_]y), by dry combustion, (Schepers et al., 1989), and total P (onl
prefertillization a.t Bu.mcyville 1995) using the vanadomolybdate method withou);
the use of.sulfunc acid (H,SO,) in the digest (Barton, 1942; Bolin and Stamber
l?:4). Soil samples were additionally analyzed for pH (1:1 sc:il:water), anunonmnf-’
nitrogen (NH,-N) and NO,-N [2M potassium chloride (KCI) extractant, LACHAT
1989], and extractable K and P [Mehlich I extractant (Mehlich, 1984)] '

TP T T s iy
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Burneyville 1995

One ficld experiment was established in the summer of 1995 on a Minco fine
sandy loam at Burneyville, OK. Initial soil test characteristics are reported in Table
1. Whole plot treatments {2.4 x 45.7 m) consisted of check (no-N), fixed (242kg N
ha'') and a variable rate (N rate dependent on NDV1 readings) applied to 30 subplots
(2.4x 1.5 m) within whole plots. The experimental design wasa split-plot randomized
complete block with three replications. A proportion of the third replication was
infested with crabgrass and was not included in the forage yield resuits, Fertilizer
treatments were applied after sensor readings were taken and forage was removed,
with the variable rate application ranging from 0to 224 kg N ha™ {agronomic rate
determined based on yield goal for the region). A blanket application of P as triple
superphosphate (0-45-0) and K as potassium chloride (KC1) was applied (at the
time of N fertilization) at rates of 48.9 kg ha of Pand 186 kg ha™ of K, respectively.
Surface soil samples (0- 15 cm) were taken from all subplots within variable rate
plots prior to fertilization to evaluate soil heterogeneity.

Ardmore and Burneyville 1996

Two added field experiments were established at Ardmore and Burneyville to
determine the use of spectral radiance reading for estimating N deficiencies in
bermudagrass pastures. The Burneyville 1996 site was 200 m away from the
Burneyville 1995 experiment. Soil test values and classification are reported in
Table 1. The experimental design was a split-plot randomized design with two
replications. Whole plot treatments (3.1 x 45.7 m) consisted of a check (0 kg Nha™),
fixed (600 and 300 kg N ha™') Ardmore and Bumneyville, respectively), half-fixed
(half the fixed rate at each site, respectively) and variable rate (N rate dependent on
NDV1 readings). Whole plots were subdivided into 30 subplots (3.1 x 1.5m). Fertilizer
treatments were applied after sensor readings were taken, when the bermudagrass
was approximately 0.1 mtall, with the variable N rate ranging from 0 to 600 kg N ha'
1 and 0 to 300 kg N ha” at Ardmore and Bumneyville, respectively. The top fixed rate
{600 and 300 kg N ha' at Ardmore and Bumeyville) was chosen based on yield
maximums observed over time in companion studies at the same sites {data not
reported). A blanket application of P and K was applied as was done in 1995, but
in early April at these two sites. Spectral radiance readings were taken prior to
fertilization and before each subsequent harvest following fertilization for all

treatments.

RESULTS AND DISCUSSION

Prefertilization Forage Yield

Prior to any fertilization, a contour map of NDVT readings was developed from
mean values generated from every plot (2.4 x 1,5 m) from the entire experimental
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TABLE 2. Simple correlation coefficients and significance levels for forage production,

total N, N removal, NDV, red, NIR, and green spectral radiance readings, Ardmore and
Burneyville, OK, 1995 and 1996.

v m e e  mm Gt

: 4 1800
n = 1NDVI 1600
Forage Yield Total N N Removal ¢ Q o ] -
kg ha ghg kg ha' ! O Forageyleld, kg ha" "
g {1400 =
1995 R = 2
Bumeyville Prefertilization (n=53) : a {1200 ©
Red .74 % 0.09 DI3 : = K
NIR .55 o 0.14 0.63 %+ ! - ol
NDVI 0.60 ** 0.09 0.66 * ? 11000 §=
1996 80 5
Ardmore Prefertilization (n=60)
Red 0.57 % -0.16 0.6] ** : 1600
Green D47 -0.25 0.51 ++
NIR 0.12 -0.16 0.11 400
NDVI 0.51 ** . 54 ve i
o1 0.54 ; 18 —% 40 45 20 25 30 35 40 45
Post Fertilization i .
Ardmare First Harvest (n=240) Distance, m
Red 0.12 0.16 001 :
Green 035 ** 0.03* 0.39 ** "
NIR 0.50 *+ 0.10 0.50 %+ 35
NDVI 0.59 ‘ 0.1 046+ 1 4 '
. ! ] | ] 1INDV}
Ardmore Second Harvest (n=240 ) .
Red 20 0.48 % 078 % L0624 ,j o O  Forage yield, kg ha" 130
Green 0.64 2013 * 049 %* : 3.5y 2
NIR 0.38 *+ 0.32% 0.83 +* ; 128 o
NDVI 0.76 *» 0.71 % 0.83 ** f !
‘ = 3 olo) 20 9
Bumeyville Prefertitization (n=60) > - g
Red .75 0.08 055 % g E
Green 067 020 042+ - 25.0 s 2
NIR -0.03 0.10 0.02 . z
NDV1 0.72 * 0.02 0.56 *+ .
; 20 110
Post Fertilization ;
Burneyville First Harvest (n=240) j | ] 5
Red .58 0.44 ** -0.50 ** ‘_ . . : . . L T
Green -0.06 -0.02 -0.06 ! 1'50 5 10 15 20 25 30 35 40 45
NIR. 0.50 ** 0,55 0,58 *» : .
NDVI 0.74 4% 0.68 ** 0.80 ** : Distance, m
:ue;n yville Second Harvest (m=240) 0.02 | 0.18 . 0.06 FIGURE 1. Variability in bermudagrass forage yield, N removal, and the inverse of NDVI,
Green 0.43 #» 0.50** 0:49 P ‘ and weighed average frendlines, replication 2, Bumeyville, OK, 1995.
NIR 0.57 4+ 0.57 *+ 0.64 ++ :
NDVI 0.62%° 0.50 *» 0.63 +*

**, *Significant at the 0.0] and 0.05 probability levels, respectively.
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TABLE3. Post fertilization freatment means, total N and N removal by harvest, Ardmore
and Bumeyville, OK, 1996.

Harvest #1 Hervest #2
Forage Yield Tota]lN N Removal Forage Yield TotalN N Removal
kg ha g kg kg ha"! kg hat gkg kg ha'

Ardmors 1996

Check 443 297 132 641 1.73 1.1
Variable 1213 1% 36.3 1412 278 39.1
4 Fixed 1521 239 437 1779 n 47.3
Fixed 1437 3.66 524 1638 2.90 456
SED 406 0.73 14.3 378 0.28 9.4
Bumeyville, 1996

Check 1522 1.48 22.5 1013 1.64 16.7
Variable 2122 2.44 513 1749 2.73 47.6
¥ Fixed 1735 2.32 40.5 1121 248 328
Fixed 2438 2.49 61.4 1527 2.50 44.7
SED 504 0.21 1.7 325 0.38 8.7

SED-standard error of the difference between two equally replicated means.

area to determine the variable fertilizer rates. Simple correlation coefficients for
forage yield, total N, N removal, NDVI, red, green, and NIR combinations are
reported in Table 2. Red green and NDVI readings were significantly comelated
with forage yield and N removal, while the NIR spectral radiance readings were not
correlated at either location in the 1996 sampling year. The lack of correlation could
have been due to the low N availability (low total N content in the forage), also
illustrated by the lack of correlation of total N with any of the spectral radiance
readings. Results from forage harvest and NDVI data collected from consecutive
(2.4 x 1.5 m) plots is reported in Figure 1. It is important to note that forage yields
ranged from 400 to 1,800kg ha' over a 40-m distance. Similarly, N removal ranged
from 5 to 35 kg ha!, roughly a seven-fold difference. This large variability was not
expected, however, it was important to find that NDVI readings paralleled the
severe variations in yield and N removal for all prefertilization readings in both
years and locations.

Post Fertilization Forage Yield

Prior to each harvest, spectral radiance readings were taken for the entire
experimental area, Simple correlation coefficients by harvest and location are
reported in Table 2. Forage yield and N removal were correlated with NDVI atall
locations. The second harvest at Ardmore 1996 and the first harvest at Bumeyville
1996 had the highest forage yields. For these harvests, red, NIR, and NDVI spectral
radiance readings had the highest correlation with forage yield, total N, and N

A e e AR R T
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FIGURE 2. Correlation of total N removal versus NDVI spectral radiance readings,

Ardmore and Bumeyvilte, OK, 1996,
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TABLE4.  Analysis of variance and single-degree-of-freedom-

total N, and N removal for the first harvest afier fertilization, Bumeyville, 0K, 1995,

contrasts for forage yield,

Source dr Forage Yield Total Forage N N Removal
kg bu! gkg' kg bz
T —————Mean Squares— —
Rep 1 1102499 0.04 7854
v 2 425725 6627 15340
Contrust
CK vs VR and FX i 220337 17.0] »= 32012~
VR vs FX 1 792263 0,33 11230
Errox (a) 2 784408 0.35 4658
Sub-plet 28 112553 0.9 694
Trt*Sub-plot 52 5114 0.1] 4313
Error (h) 78 96904 0,07 3.7
SED 254 0.22 70
Ccv, % 30 1 n
Treatment Means W rate, kg ha'!
Check 0 994 227 225
Varisble-rare 126 249 2.80 264
Fixed 224 121 2.9 318

SED-standard error of the difference between two equally replicated means.

q‘ CV-coefficient of variation, %, CK-check, VR-variable rate, FX-fixed.

consistently correlated with spectral radiance measurements when yield production
levels were high (Ardmore 1996, second post fertilization harvest, and Burneyville
1996, first post fertilization harvest) (Tables 2 and 3). The relationship between
NDVT and total N removal at Ardmore (second post fertilization harvest) and
Burmeyville (first post fertilization harvest) in 1996 is reported in Figure 2. The
quadratic equation at both locations significantly improved correlation over linear,
This highly significant curvilinear relationship between NDV1 and total N removal
in bermudagrass was consistent with similar work in winter wheat (Stone ¢t al,
1996).

Analysis of variance for forage yield, total N, and N removal is reported in
Tables 4and 5. 'The main effect of treatment for bermudagrass forage yield wasnot

significant at the Bumeyville 1995 and 1996 sites. F ailure o observe a significant

atments was significant for tota] N and
5. The 1996 sites showed significant
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TABLE6. Range, mean, and standard deviation of soil test parameters collected every 1.5
x 2.44 m, Burneyville, OK, 1995.

pH TomiN Org.C TomlP  NH-N NO,N P K
------ Bk - mg k¢!

mv

g—o- Flxed 3532 + 1010 (20)

=]

5

8

[+

£

=

[+

E Min 5.1 0.4 5.4 138.8 4.6 12 57 144
E Max 6.2 1.3 17.3 336.5 14.7 9.0 604 273
= Mean 5.7 0.8 9.5 223.1 7.8 2.2 7127 184
E ; Std. Dev. 0.2 0.1 2.2 38.8 1.9 1.0 12.0 25
i)

£

g

o

1

E

a3y

—
40
hELIEL)

Distance, m

wO~ 12 Flund 3399 + 941
=0~ 1ZFixnd 01+ 3y
—o= Flied 87+ 4

pH-1:1scil water, total N and organic C-dry combustion, NH,-N and NO,-N-2M KCI
extract, K and P-Mehlich HI extraction, total P vanadomolybdate method.
Std. Dev.-standard deviation from the mean.

T ()
20
28)

13 (1n

=i Variable 108 + 13

19

—ar—Variabie 4123 + Teg
~a=Chach 48 + 12

differences for the check versus variable-, half-, and fixed-rate treatment for total
forage yield at Ardmore and total N at Burneyville 1996 (Table 5). Total N removal
in the forage was significantly different for the above eontrast at both locations for
1996. However, no differences were detected between variable rate and half-fixed
rate (VR versus half-FX) or fixed rate (VR versus FX) treatments for any of the
variables measured (Table 5). At the Bumeyville 1996 experiment, forage N-use
efficiency was greater for the variable rate compared to the half-fixed and fixed rate
treatments. Percent fertilizer recovery (N uptake treated minus N uptake check/N
rate) over the check was 71% for the variable rate and 20 and 19 for the half-fixed
o and fixed rate, respectively. Addition of fertilizer at Ardmore increased total forage
% yield and total N removal compared to the check plot, with no difference detected
: between the variable, half-fixed, and fixed rate treatments.
: j' Variability in the measurement of bermudagrass forage yield and N removal over
f 45.7 m from harvest data collected from consecutive 1.53 m intervals is illustrated in
' Figure 3 for Replication 1 of Ardmore and Replication 2 of Bumeyville 1996. Also,
E reported in each figure are the treatment means over the 45.7 m (30 subplots) and
2 " the associated standard deviations. The application of variable fertilizer N had a
decreased standard deviation compared to the half-fixed and fixed rate treatments
for total forage yield at both locations (Figure 3). For both forage yield and forage
N removal, coefficients of variation were smaller for the variable rate compared to
half-fixed and fixed rate treatments (excluding forage N removal, Ardmore, Figure

§

3

> :

5 3)
5

o

g

g

TonD
5000
5000
4000
000
000} Y
1900
180
150
120
]
60
n
nﬂ

o ot e g

€120
(20}

—t= Fixed 87 + 24

74823
+ 74128

“0- 172 Fixed 81 # 1

30

0 (48} -0~ 1/ZFixed 3183 + 7.

308 (19) _o— Fixed 2033 + 7
Distance, m
Distance, m

i Varisbie 2634 +

~8-Check 32 + 14 (86)
= Varlable 73 + 27 (38}

10

Soail Variability
Soil samples were taken in the variable N rate plots in 1.53 m intervals over the
entire plot to quantify the actual soil variability within a 45,7 m transect. Simple

By ‘propA sfinio,
' 4 . ¢y By ‘pascius iy 1m0y
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statistics for each soil test are reported in Table 6. None of the soil test variables
co}lected were correlated with total production, total N or N removal. Variability in
soil test results are reported in Table 6 from samples (16 cores plot') collected from
each 1.5 x 2.44 m subplot (=90). Soil pH ranged from 5.1 t0 6.2 within this 1,350 m?

Soil organic C had three-fold difference within the sampled area. This, wouki
representaTange in organic matter of between 1.3 to 3.4%. Similar large differences
in other soil test parameters were found, especially for P. The agronomic significance
of this soil variability is that it would be economically impossible to collect samples
on SI.IFh a fine scale and treat each area independently. This is the principle reason
wl.'ny indirect sensor measurements are needed to detect and subsequently treat
micro-soil variability.

CONCLUSIONS

Spectral radiance readings were significantly correlated with forage yield, and N
removal for all harvests and locations, indicating that sensor based variable rate
technology could be used in bermudagrass forage production systems. There
was a significant N treatment response to applied fertilizer for total N and total N
removal for most locations. Application of N fertilizer increased total forage yield
over the check at two of the three locations. Total N and total N removal was
Increased over the check, while the variable rate treatment was equal to the half-
fixed and fixed rate. In general, the variability in both forage yield and N removal of
variable rate treatments was lower than that of half-fixed rate and fixed rate treatments,
This supports adjusting N rates based on indirect NDVI measurements and also
because significant yield increases were found as a result of applying N. Results
from soil test analysis suggested that substantial field variability is present over
very short distances (<=1.53 m). The intense sampling required to account for soil
variability in an entire ficld on this small of a scale and the costs associated with
such sampling would further indicate the beneficial use of sensor-based-variable-
rate-technology to adjust for nutrient element needs.

REFERENCES

Aase, LK, and D.L. Tanaka. 1984. Effects of tillage practices on soil and wheat spectral
reflectances. Agron. J. 76:814-818.

Barton, C.J. 1942, Photometric analyses of phosphate rock. Anal. Chem. 20:1068-1074,

Blackmer, 'T.M., 1.S. Schepers, and G.E. Varvel. 1994. Light reflectance compared with
other nitrogen stress measurement in com Jeaves. Agron J. 86:934.938,

Bolin, D.W. and O.E. Stamberg. 1944. Rapid digestion method for the determination of
phospherus. Ind. Eng. Chem. Anal. Ed. 16:345-346.

USE OF SPECTRAL RADIANCE IN BERMUDAGRASS PASTURE 2501

Bowman, W.D. 1989. The relationship between leaf water status, gas exchange, and
spectral reflectance in cotton leaves. Remote Sens. Environ. 30:249-255.

Cahn, M.D., J.W. Hummel, and B.H. Brouer. 1994. Spatial analysis of soi) fertility for site
specific crop management. Soil Sci. Soc. Am. J. 58:1240-1248.

Chancellor, W.J. and M.A. Goronea. 1993. Effects of spatiat variability of nitrogen,
moisture, and weeds on the advantages of site-specific application on wheat. Trans.
ASAE37.717-724.

Everitt, J.H., A.J. Richardson, and H-W. Gausman. 1985. Leaf reflectance-nitrogen-
chlorophyll relations in buffelgrass. Photogram. Engin. Remote Sens. 51:463-466.

Haggar, R.J., C.J. Stent, and J. Rose. 1984. Measuring spectral diffcrences in vegetation
canopies by a reflectance ratjo meter. Weed Res. 24:59-65.

Han, S., J.W. Hummel, C.E. Goering, and M.D. Cahn. 1994, Cell size sclection for
site-specific crop management. Trans. ASAE17:19-26.

Kincheloe, S. 1994. Tools to aid management: The use of site specific managcment. J. Soil
‘Water Conser. 49:43-45.

Kleman, J. and E. Fagerlund. 1987. Influence of different nitrogen and irrigation treatments
on the spectral reflectance of barley. Remote Sens. Environ. 21:1-14.

LACHAT Instruments. 1989. Quickchem Methed 12-107-04-1-B. LACHAT Instruments,
Milwaukee, WL

Mehlich, A. 1984. Mehlich 3 soil test extractant: A modification of Mehlich 2 extractant.
Commun. Soil Sci. Plant Anal. 15:1409-1416.

Perry, Jr, C.R. and L.F. Lautenschlager. 1984. Functional equivalence of spectral vegetation
indices. Remote Sens. Environ. 14:169-182.

Sancan, J., D. Stow, J. Franklin, and A. Hope. 1993. Assessing the relationshi_p between
speétral vegetation indices and shrub cover in the Jormada Basin, New Mexico. Int. J.

Remote Sens. 14:3395-3416.

i imultaneous determination of
Schepers, 1.S., D.D. Francts, and M.T. Tompson. 1‘_)89. Simul s dete
tec?tal C, total N and 15N on soil and plant material. Commun. Soil Sci. Plant Anal.

20:949-959.

Stone. M.L.. . B. Solie, W.R. Raun, R. W. Whitney, S.L. Taylor, and J.D. R-inge‘r. 1?96. 'Use
of'spect;-al radiance for correcting in-season fertilizer nitrogen deficiencies in winter
wheat. Transactions ASAE 39(5):1623-1631.



2302 TAYLORET AL.

Tisdale, S.L., W.L. Nelson, J.D, Beaton, and J.L. Havlin. 1993. Sail Fertility and Fertilizers.
MacMillan Publishing Co., New York, NY.

Vangichen, R. and J. De Bacrdemacker, 1993. A measurement technique for yield mapping
of corn silage. Agric. Eng. Res. 55:1-10.

Walburg: G., M.E. Bauer, C.5.T, Daughtry, and T.L. Housley. 1982. Effects of hitrogen
nutrition on the growth, yield, and reflectance characteristics of corn canopies. Agron.
1. 74:677-683.

Wibawia, W.D.,.D.L. Dludlu, L.J. Swenson, D.G. Hopkins, and W.C. Dahnke. 1993.
Variable fertilizer application based en yield goal, soil fertility, and soil map unit. J.
Prod. Agric. 6:255-261.

Wollenhaupt, N.C., R.P. Wolkowski, and M.K. Clayton. 1994. Mapping soil test

phosphorus and potassium for variable-rate fertilizer application. J. Prod. Agrie.
7:441-448,

T i TR e nman

A e o

ke v

JOURNAL OF PLANT NUTRITION, 2i(11), 2303-2318 (1998)

Response of Nitrogen Use Efficient
Sorghums to Nitrogen Fertilizer

S.S. J. Buah,* J. W. Maranville,*! A, Traore,* and
P.J. Bramel-Cox®

tDepariment of Agronomy, 102C KCR, P.O. Box 830817, University of
Nebraska, Lincoln, NE 68383
YICRISAT, Patancheru, R.O. 502324, A.P. India

ABSTRACT

Little information is available on the response of grain sorghum [Sorghum
bicolor (L.) Moench] genotypes differing in nitrogen (N) use efficiency (NUE)
(2 DM g N*') to added N fertilizer. Such knowledge is important for reducing
the reliance upon fertilizer N. A dryland field experiment was conducted in
1993 and 1994 at Mead, NE evaluating the agronomic responsiveness of 13
sorghum genotypes differing in NUE to three N rates (0, 50 and 100 kg N ha')
and also to determine physiological factors that contribute to improved NUE.
The experiment was conducted on a fine montmorillonitic, mesic, Typic
Argiudoll soil. Total N at maturity, dry matter, and grain yield were used to
calculate NUE terms. Genotype differences were found for all measured
variables both years, but no N rate by genotype effects were significant.
Nitrogen fertilizer enhanced plant N contents and grain yield, but decreased
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