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TABLE 2. Analysis of variance for wet biomass, dry biomass, moisture, P lissue concentration, P uptake, N lissue 
concentration, and N uplake in wheat forage at Feekes growth stages 4, 5.6, and 9, Tipton, OK, 1997. 

Swrce wet DfY Moisnue P lissue P tiawe N tissue N 
of variation df biomass Biomens cnnc. upcake mnc. uptake 

- 4 4373 n o 1  49 - 2282 
5 

3 2 
4442 

23 2 2ou 33 I 
52 2189 

PDao 6 
4.3 23.7 

13271 49.4 
8183 34 239s 
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9 16693 2W4 I 5  4 
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68 sen I 0 5  

6% 
10.3 
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I 73 0 9  0.6 6.2 

*,**#*"Significant 04 the 0.05,0.01, and 0.001 probability levels, mpcc(ively. 
GS=gmwth stage. 
n m o t  s ip i f iwt .  
SEPtandard e m r  of the difference between two equally replicated means, 
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TABLE 3. Analysis of variance for wet biomass, dry biomms, moisture, P tissue concentratio& P uptake, N tissue 
concentration. and N uptake in wheat foragc nl Feekes growlh slagcs 4.5,6, Md 9, Perkins, OK, 1997. 

Sounrof df We4 hy Moisrun P tissue P uptake N N 
&&M biomass biomasr conc. uptake mnc uptake 

Rep 
N rate 
P* 
NxP 
Prmr (a) 

GS N, kghd' 
Wu4 0 

56 
112 
168 

Pecku5 0 
56 
112 
168 

kghi' kghd 
1615 675 
2628 810 
3226 935 
3910 1186 
3418 1692 
5227 2150 
7078 2695 
742 1 2338 

*,**,"*Significant at the 0.05.0.01, and 0.001 probability levels, respectively. 
GS-pwth stage. 
ns=qot significant 
SED-standard error of the difTcrence behueen two equally replicated means. 



TABLE 4. Spectral radiance combinations and simple correlation from the three ben models with N rate. P rate, biomass, moisNre, P tissue 
cnncenuation, P uptake, N tissue concentration, and N uptake by growth stage, Tipton, OK. 1997. 

NRD Wl3Y665 W73Y545 Wl8W WllY545 WWYS WlZYllS Wl3Y545 Wl'W7l5 Wl3YlI5 NDVl Wl3YllS W13Wfl 
0.25546 4.73489 4.25161 0.92254 0.9X22 0.91%1 4.8W 488367 4.00367 4.88153 0.88195 0.86949 
(0.1326) (0.1336) (0.1388) (0.000I) (0.0001) (0.0001) (0.0001) (0.000l) (0.000l) (0.0001) (0.0001) (0.000l) 

P Nc Wl3Y6.55 Wl3Y655 W8OY4I5 W9Yl35 NW NROl Pal NPCM PRI WWY( WlOY5IS WluSmS 
4,21561 4.21385 0.18178 4.19322 0.15971 4.16864 024767 0.18a)3 0.13% 4.17445 alUL69 4.08342 
(0.M66) (0.2104) (0.288n (0.2189) (0.3521) (0.3215) (0.1453) (0.2934) (0.4410) (0.3089) (0.5512) (0.6286) 

lh-ybims Wt99405 MlVl WWS35 WlOYY( Wl2YS45 Wl3Yl15 Wl3YYS Wl3Y521 Wl3YSI5 WlIYSI5 Wl2Y525 NDVl 
0.34843 4.1609% 0.33588 4.48096 0.47612 0.47571 4.79948 4.79921 479619 0.91748 0.91669 0.91662 
(0.0373) (0.1242) (02283) (0.M3) (0.M33) (0.M3.0 (0.0001) (0,0001) (0,0001) (0.0001) (0.0001) (0.0001) 

NDVl 
0.2551 1 
(0.1332) 

WlIY545 
0.36387 
(0.0Wl) 

NW 
4.34595 
(0.0388) 

Wl3SMI5 
.o.m97 
(0.1851) 

WlW5ZS 
0.nm 
(0.lWl) 

NlRGl 
4.15383 
(0.3700 

PRI 
0.45146 
(0.0057) 

Wl2YllS 
0.39122 
(0.01YI) 

PFR 
0.20179 
(0.2355) 

WlOY52J 
4.48259 
(o.rn29) 

PRI 
0.12521 
(0.4669) 

NPCM 
0.16476 
(0.2807) 

Wl3YllS 
0.397.91 
(0.0178) 

WI3Y655 
0.18187 
(0.2864) 

rnYll5 
0.47763 
(0.0032) 

WlZYllS PFR 
4.67118 4.6725 
(0.0001) (0.0001) 

Wl3Y655 
0.74467 
(0.000l) 

PRI 
0.27068 
(0.1 103) 

pal 
0.65702 
(0.0001) 

NW 
4.60579 
(0.000l) 

W7ZYSZS 
0.93466 
(0.0001) 

Ww or Wdurindu combinations using specified bandwidth; 0.18915=correlation coefficient; (0.2692)=pmbability >JRI; NPCIX=(W685- 
W435)/(W685+W435); NR=W8OYW695; NW=W975-W905; NIRGI=W79Y(llW545); PRI=(WS55-W535YW555+W535); PFR=W725/655; 
NDVI=(W805-W695jI(W805+W695). 
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TABLE 6. Specual radlancc measurements, combination indices, and simple correlation coeff~cienl hm 
the fhree best models with N rate, P rate, biomass, moisture, P tissue concentration. P uptake, N tissue 
concentralion, and N uptake over growth stages. Tipton and Perkins, OK, 1997. 

b~cnl'eJlt I Tlplon Wnr 
variabIrs 2 3 I 2 3 

SmgI5- 
N tale W795 W8OS W55 W45 W635 W6U 

0.13138 0.13861 0.12595 038795 -0.93142 -0.49% 
(0.1 165) (0.0397) (0.000l) (0.0001) (0.0001) (0.0001) 

PNe W805 WE25 W195 W665 W675 W655 
O.03M 0.03301 0.033% -0.26892 -0.26221 -0.26585 
(0.6893) (0.6945) (0.6941) (O.Ma9) (0.W9) ~0.O"J.w 

Wcr Biomplr WJ75 W585 W535 W685 W675 W665 
-0.45293 -0.45255 -0.45181 -0.81457 -0.81335 -0.81013 
(0.0001) (0.0001) (0.000l) (0.0001) (Omol) (0.0001) 

biomr W435 W425 W655 W685 W695 W675 
-0.72607 -0.72492 -0.72489 -0.68412 -0.68352 -0.680W 
(0.0001) (0.0001) (0.0001) (0.000l) (0.000l) (0.000I) 

Mobarc W345 W355 W365 W375 W1145 W375 
0.80618 0.60535 0.8029 -0.7616 -0.75754 -0.756R 
(0.0001) (0.0001) (0.0001) (0,0001) (Omol) (0.0001) 

P tisue conc. W55 W365 W375 W455 W465 W485 

Nntt WSOW4l5 WI3Y515 WIWWS WIW525 WIZV535 WI35nU 
0.34598 0.35469 0.3'2625 0.6- 0.67856 06755 
(0.000i) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

PNe WW655 W3UW W69W405 WIOYS35 WOYY5 WW525 
-0.10762 -0.10673 -0.0~3 -0.34858 -0.34744 -0.33181 
(0.1992) (0.2029) (0.3Lm) (0.mZ) @.@I'm (0.0003) 

WaBionvrs WIWW WlU935 WII5lS15 W3U665 NPCM W3Y655 
0.601 3 0.58621 0.50834 0.91322 -0.90999 0.90104 
(0.000l) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

Dry blomas WlOYSl5 PRI WIOYYS NPCM WI3Y665 W135455 
~- 0.68415 0.67914 0.669% 0.BU)64 0.82017 0.80008 

(0.0001) - (Ormol) (0.0001) (0.0001) (0;ml) 10.0001) 
Moisture W79Y135 W8U505 WlW53S WOW935 WI~ WIY515 

0.76862 0.70083 -0.M325 063476 0.63399 03937.6 
(0.0001) (0.0001) ('JrnOl) (0.0001) (0.0001) (0.0001) 

P tissue cone W78VSO5 W79W35 WW15 NR PFR OR 
4.31502 -0.31232 -0.26793 O.IM75 0.14934 0.14666 
(0.0001) (0.0001) (0.0012) (0.1194) (0.1229) (0.1259) 

P uptake WIOYYS WIOY535 WIOV525 PFR W351655 NFCI 
0.67112 0.66387 0.66109 0.681% 067936 4.65SM 
(0.000l) (0.000l) (0.0001) (0.000l) (0.0001) (0.0001) 

N tissue mnc WOYSO5 Wll WMS WIOV5IS W39535 Wy!5AI WJWlS 
-060678 -0.50821 -0.49321 0.42392 0.41954 0.41768 
(0.0001) (0.0001) (0.0001) (Omol) (0.000 I) (0.0001) 

N uptake W9Y135 WlOU545 PRI PFU W3Y655 W3Y115 
-0.64a3 0.W89 0.58325 0.68849 0.60496 0.67037 
(0.000I) (0.0001) (0.0001) (0.000l) (0.0001) (OMOI) 

Wuu or Wm;/xxx=index combinations using specified bandwidth, 0.18915=correlation coefficicnl; 
(O..%~~robability>JR(;NPCIX~W685-W435Y(W685+W435);M=W805/W695;PR1=(w555-W535~ 
W555+W535);PFR=W725/655; R=(W515+W525+W535+W545)/4. 
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