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U TR UCTIO 

Pr ent d y tr n in agricu tux-e 1n ioat th t 

f r m r · tot pro -uot1 n costs if t h y are to re liz 

prof1t . ,or x m. le ; to produce a crop of field onion 

in Oo lor o four t o f1 ve hand r :re u1red. Thi s 

y oo t mucb on hundred ollar per ore. The 

u e of herbicides 1 one eff ective a y of cutting produo .. 

tion co t • Much emp i ric l d ta are avail ble on th et-
feet of h rbicid pplio tion on weed control . Thia 

t ype of d t an wers m y of th question r ised by 

g rowers suoh a. t e of he rb1o1 to use , r ates d dates 

of lie tion d wheth r it will 1ncre e or dec rea. e 

yield . Previou inve t1g tions in t hi · rtm nt (23) 

h ve an wered . ome of t hese que t1on ; ho ever other 

fund a14ent l questio s r e i n un w l'" ed. wo examples 

follow: does the ap 11ca t1.on of he:rbici e to the soil 

lter t h exoh complex by t he r epl c ment of ion 

d orbe on th e oil colloid with an herbic1d ion? What 

po s i bl f fect do herbicides have on soil microor ants s? 

Fundamental informa tion 1 nece ary if we re to 

elimin te ome of t he ha z rd which accompany t h u ot 



ag ricul tur 1 ohemi•o • The cop o t b i tudy 11 be 

11mi ted to t h t ortion of t he roblem which 1nvol ve the 

roduot1 n ot n1 tr t e nt trogen by mioroorgani s in the 

oil it is infl u need byte r tur , oil t , kind 

r te of h rbictde ap 110 tiou function of time. 

Then ture of t he biologic 1 medium into wh ich 

h rbicide are l c d ne to be clearly under tood 'be-

f ore int el lig nt oultur pxaotic can b u t il z d. ef-

fio i ly. Th soil 1 dyn mi · et. r o eneou ium 

oon 1st in of very ny dif er nt k inda nd number of 

organism , th numbers an kind de nd1ng upon the oil 

e 1vi ronment and an ' tre t ment . yste of oh ek and 

b 1 o impo ed by ph ie , chemic J. , and bi ologic 

v r1a t1on 1th1n the soils rves to decide the ind and 

nub r of th ot1ve opul t1on t given ti • Thu 

the p lie tion of an h rb1c1de to t he oil woul d ch nge 

th environment and alter th iolo 10 compos i t ion of 

h e o 11 . Th1 os th question : i t h e agni tude of 

th·e chang bro h t bout by herbic i de enough to 1 t r 

t e ni tr te nit en produce by icroorg 1 m ? One 

1 ortant group of microorgani m is th eh mo ynth t1o 

utotrophs 1oh ohang e t h e a.mmon1 nitrog n roduo d by 

the heterot.ro hs from the so 11 org io ma tter , into 

9 

nitr te nitrogen . Thi g rou is ens1t1v e t o oh ge in t he 

oil nvironm nt d h noe the ni tr t rodueed by them 
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my be u ed ae an 1nd1o tion of the effect of given 

herbicide on on .gmen t of t he oil microbial populat i on. 

Since 11 hi er pl , ts , inolu ing onion , e d endent 

on the production of ni tr t n1 trog n, 1 t woul d b dt' -

sirable to now whether o r not t he her'b1c1dee m y i n any 

y ef et th t roe • 

If th h ~:bic1.d u d in d control on 

onion 
then the 

th ohan 

ff ct th ni tr t nt tro en roduoin b ot er1a, 

· ue f t h rbictde u t b corr lated w1 th 

in unt of nitr te ni t ro en. f or this 
r aeon th 1nv sti tion s unde rt ken, 

P:roblem 

Do herb1e1de influence microbi a l otivity in 

t h e soil? 

Ptoblem analysis , --In order to ans er t he main 

roblem it s found neces uy to obtain ans•ers t o t h e 

following f our questions : 

1 . Wh t i s the e!f ot of herbic·tdes on 

mterob1 l ot1v1ty wh n 11 d t o the oil? 

a. Wh ti the eff ct of rate of ap 110 tion of 

herbici es on mie robi l ac tivi ty measured by roduction 

of nitr te nitrogen? 

3 . t 1 th dur tion of the effect of 

herbicides s me sured by miorobi aot1 vity? 



h tbt.,oid. o 

nitro · ? 

1 t h ur tton of the et · 
orobl 1 o ,1 · 1 y 

f 

Dell . ... - Thi lnv be · 
I 

11 it d t · (1) thr e oll -: 011 r at d , oky 

1 el Y; (8) tbr hr lei 

11 

a ct · tde 2) , 0- 1 opro yl n-(3 ehtoro h . yl) 

rb t (cblor _ l ) ·d a ohloro • - bl (d i thyl . ino) . 

trt zi ( ); ( 3) tbre . il 13° , a 0 , 

· d. 3 - O : ( ) four dat f 1 'in i 5, 10 , 

o, d 30 tr tb t rt of inou 1on; () 
mio~obt l ttv1 y to b m ur by oh 

n1tro .; ( ) t ur h rbtoide r t • • 

in nitr t 
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VI O LI 

erbi 1d r 1du 1 oil h v 1v d uoh 
1 o Ill 1d! r tion th t h eff ct of th 11" 

t -1 nt • Thi l c t ot l1 - 1 c _ b tti- but d 

to t h 0 •---nl ff t of t h rb1o1de 

l :r h f _ 11 e t h ff t f h l'b1o1de 1.due 

011 y not b -. 1ly pp r nt , le o 

e:rbtotdea 1n 11 e d. - l _ r1 ril y th .b p 1 • 

t , of t he b rb1et a tt y 

n b f f t f h rb1c1d • 

f f c ot a, - iobloro henozy tio old on 
oil 1 roor ani h b n 1nv i k d 

G in y (13) t t , n 1 .non-toxic t o o t - 1oroo 1 -

t eonc ration u_ in th f1 l for oon:t%ol. 
F\llt yne (lo) oh r 1nv 1 (s ,11,11 , a , 

1b1tory t .t on o:rg ni by a. D 't 

c no ntr t1on u ft oont l . 
dr1oh (l) tha , 11 or 7 1 

not t t o th by . p - oul r h rbi i d , 

l h 1 h :r 1 nt do n t r ct t h H l o 

t t t h l - 1 v c ion of , D on lo o 1 
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popul tion my ch ng with repe t ed herbic i de applio t i on. 

Th rte of 2, 4-0 deco o 1t ion in 011 1nd1o t e . 11 t 

deco · po it ion i edi t ly after tr at m nt . followed by 

r apid decomposition. re um bly 1 riod i n oessary 

for build-up of or i ms e p ble of br 1ng down , 4- D, 

1n i -tin tha t the r a.f uch rg n m 1 11 i t 

Audu ( 3) an 

a, 
r o.rt t h t x tr tm nt 1th t 

r pi d o mpo 1t n of ub 

orking t t b 

oid ( OP} 

oo o r e ult in 
ent 11c tin of the 

co 0 s , Thi suggests an ace ul t1on of or 1 s 

ing uoh co ound ouro e of ca rbon. 

r , ud (2) ot bl to C 1 tu:re t he or m 

1 l for 2, 4 .... D oompo iti n tn the absence f 2 , 4-

er for he eono l u t h t , 4- 18 th only .. ource • • 
f o rbon utiliz ble -y th s organisms_ 

o an n 

of organis of 

y r uc ·th .., ffeotiv n 

to. s of th herbicid .• 

l :r1oh (1) t t 
ove from t h oil by on or 

i 

0 

tat tha t th buil -up 
r . ic 1 r herb1o1d 

b .uent oil appl io -

th t h rbioide may b r -

r of th f o 11 o 1ng w y : 

(l 1 ohin , ( a) f t tion by t so il colloi , (3) d 

oompo ition, and (4) vo1 ttli2 tio . Oo i tione t h t 

· f f ct th me o· r mo l det rmine the per i t ence 

f an h rbio id in the soil. 
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It e rs that decomposition of herbicides in 

the soil is acoompl1 hed throu h the acti on of oil 

organi • A number of investig tion ( , 3, • , 13 , 14, 

1 5,18 ,1 1 20 , 23 1 28 , 30) have hown th t oil moisture , soil 

temperature , orga.r,ie m tter oont nt , ~doth r f otots 

.c,st conduei ve t o micro bi l aeti vity are al o mo t con-

ducive to h rbici e decom o ition . ZoBell (31) t ts 

th tali h tio by roe rbons re xidized oxe re dily than 

aromat i c or n phthenic compounds , ithin cert in limit , 

lon -cha in hydroo rbon re ttacked more readily than 

simil r compound of mall moleoul r ei ht , The ddition 

of aliph tic id ch ins 1ncre e the u ce tib111ty of 

oyclio compounds to m1orobi 1 ttaok. 

The reports of d com -osition of h rbicide by 

miorooiganism 1 icate tha t mall differ noes in 

chemic 1 structure h v a pronounoed eff ct on d com-

position b oil org 1 m . I opropyl N-(3-chlorophenyl)-

c rbamate i readily tt oked by i oroorg ism in oil 

(19 , 3 , 7) , ile 3- -chloro henyl- 1 , 1-dim thylure 1a 

extr emely re it nt to ttack. 

Audu () f oun tha t th organ1 ms ca bl of 

breakin own 2, 4-D wer bl t o bre kdown 2 methyl-4-

chlol'O h no yaoetic acid a t a lo r r te. Th or anism 

involve in 2, 4-D deoom o ition 1 not ff ot deoom os1-

tion of 2, 4, 5-T (a , 4 , 5-trichloro h noxya.o t1o a cid) . 



rly rk rs b l ived that mic:roorg 1 s wer 
r pon lbl for t h oh fro cyan mide to mmoni in 

the oil . Crowth r d oh rd on (7) t t e th t lthou 
o b ot eri d fun i r bl to tt ck cyan id , 

y inor an io e ly t s for t h c 
cti n r 1 cov r d by i 1 , 

Cowl (6) h o t h t in t ril 

mid to urea re• 

ppen , 

oil s ur 

d oth r • 

s r p idly 

f orme an ccumul at ed; in rti lly t er111 ed 11 the 

nd ur 1 ear d ga in tr few d y and on1 
n i tr te 

T mme ( ) f ound t ha t the s e 1th whioh the 
cyan ide in th oil 1 bei ng convert d pea r to b 

conn ct d 1th t h humidi ty of t he soil and the temp r a-
ture whereby t h conver ion t lace, H oono l uded 
th t t h convex i on of o loium cyan id to urea is ao-

1.5 

oo 11 h y phy ioo-ob mio 1 

of ur t o n1trat nitrogen 1 
an , wh ile the conv rsion 

coompli he d biologic lly. 
uk rji (16) Uri t h ic ro b1o logi o 1 

ot i vity of t he oil tr wi t h o loiu cyanamide found 
no r el tionsh i b t en b ct eri number s det rmin by 
l t count n t he oh g i n t h e aunt of simpl 

n1trog 00 oun • H t ates t h t inc th pl ting 
m t hod 1 h i hly lec:t1v , th e r t of o rbon diond ro-
duotion wa used gen ral int gr tio of microbiologic 1 

ct1vity. The re ult of Mukerji • 1nvest1g tion show 
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t h t 1n t wo different e ertment calcium c yan wh 

co w1t h m onlum sulf t inor ed. th o rbon 

io volut · n 18 p r o nt . 



METHODS AND M TERIALS 

One bun red pound ample of the t hree oil 

t yp s were collect din the field and brought to Fort 

Collin . Thee s , le er air ried t hen 1 ved• the 

oil p 

tudy. 

ing through a 2 mm. siev ws.e res rve for t h · 

17. 

A ten ion equal to 70 cm. of water (n r i deal 

mo istur e content) for the Gilcre t and from Weld county, 

wa 1. 55 ml . per 25 g. of _oil ; for t he Rocky Ford loam 

from Otero county , s. 56 ml . per as g. of otl; and for t he 

L Ani m s clay from Ot ro county, 7 . 14 ml . per 25 g. of 

oil . 0th r p~op rtie of th e s oils re given in T bl 

1 . 

T ble 1 . --000P '"' TIVE SOIL LABORATORY AL IS REPORT. 

oll D th pH Per Per p r lb. / A. lb . / A. 
cl 8 1: 5 c ent cent oent Pa()5 x:2o 

soluble o. }~. lime 
- J saa.t• 
Sand 0- 6" a.a 0 . 07 1. a o.o aso 397 

Loam 0- 6" 7. 9 0 . 13 1 . 4 7 . 7 47 370 

Olay 0-6" 8.0 0 . 16 2. 4 13. l 98 689 



Twenty.five gr am samples of the air~ry soil 

wer e ei bed nd pl ace into 25 1. erle 'eyer fl ke. 

The h erbicide u ed 1n this e eriment were added to 

th se :fl sks t r tea equiv ent to r tes uaed i n fi eld. 

ap lio t1o.ns s indio ted by 'l' ble 2. 

T ble a.- H IOIDE RAr s AS EXPRESSED I POUNDS , KILO-
GR , AND MIOROGR S. 

H rbioide Pound Kilo g. p·er tcrograms 

18 

:12 er acre 25 g •. .o_il :e r 25 g1 soil 

CI .PG 3 1 . 38 37. 5 

OIPO 3 /. 3 2,.,72 75. 0 

OIPO s 2. 72 75 .0 

444E 10 4 . 54 97.S 

4441 15 a.so 14$. 2 

444E 20 9 . 07 195. 0 

0 ON3 100 45. 38 l 50 . 0 

0 ,ON3 200 90 . 72 2500 . 0 

e a 400 181. 44 5000. 0 

The three herbicide used in thi experiment 

er,e o lcium cyan ide (OaONa} , Ohlo ro-XPO or OIPO 

(o-isopropyl n- (3 ohlorophenyl) c rbamat, and 444E 

( 4 ,, S .... bls ( iethylamino) -• tl'i&zin • The tructural 

formul a for each h rb1c1de 1 - r esented. 



0 

ea= ... o_ N 
O lei cyan id 

11 / OH 3 
NH - " / 0 - OH 

Ohl oro- I O . ~OH3 

4UI 

The t eri 1 olubl in water (OIPO) and 4441 

ere d i olved in ter in uoh an amount that the water 

required to br1n the oil to a water oont n equ 1 to 

19 

t h t a t 70 centimeters of water tens ion would contain the 

rop ount of h rb1c1de. Th oluti n were p 11 d by 

mean of bur tte. Th 1n olubl oaleium oya.namid was 

mix with di luent of qu rtz and t o pas 200 eh 

i eve. The herbioi - diluent mixture equivalent to 

recommend d rte tor wed control in onion w s wei ghed 

mix with oh 011 sam 1 . 

t hen dded to th se sample . 

t er in prop r ount 
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Three 1noubat1on tem erature were u ed: 13°0., 

as0 o., and 3500 . These temperature were int 1ned in an 

insul ted oh mber by means of the ostat ic lly controlled. 

1nfr ed he t 1 s . A high rel tive humidity wa ma.in-
t 1ned in the oh mber · by a pan of w t r which wa just 

slightly maller than th dimension of the bottom of th 

box.. T mp r tur and bum 1 tiy were r corded on weekly 

hydro- th rmogr h . All rlenmey r fla k w re stoppered 

w1 th one--holed rubber top 

moisture content . 

i nim1z ch ges in 

One bun red and foi-ty-four erlenmeyel' fl k 

containing 25 grams of oil plus the herbicide tr atment 

w re 1 ced in three different temper ture oh mbers . One-
fourth of 11 the a . 1 es from each oh mber w r removed 

t the end of 5 , 10 , 20 , and 30 days , Upon remov 1 from 

the ohamb r , 11 mples were 1mm diat ly oven-dried and 

to red prior to an lysis . 

__ E,...Jp.,_1.......,~t=i .. on_ of ohem10 

1 . itrate nitrogen s remo ved from e oh as g . 

soil pl by extr otion w1th an 80 ml . soluti on of ilver 

sulf t and copp r aulf te (a g. Ag804 - 30 g . OuS04 per 

12 liter distilled ter) . 

a. Sh e 10 m1nut s . 

3. Add bout O. 6 g . recipi t a.ting mixture 

(10 parts Mg003 and 4 rte Oa(OH) 2) . 



4. Sh ke 10 minute • 

5. Fil t r ( -atman 42) and catch extr ct in 

50 ml , erl nmeyer fl sk . 

s . P1pet 1quot of a ml , into 100 be r . 

7. Dry aliquot 1n oven (80 to 85°0) . 

21 

a. Add 2 · , ph nold1 ulfonio acid reagent 

( d is olve 5 • ur wh ite pheno l in 150 • oonoentrated. 

HaS04, 75 1 , fuming Ha 4, 13 to 15 'er cent 3• 

Heat t 100°0 . for two hour . 

9 . llow to tand for 10 nutes , making ur 

th tall r 1due in the be ker h s b en contaeted, 

10, Add 16 ml , of 1 tilled water . 

11. Ad 20 , of 1:l NH40H. 

12. Cool and red per cent tr m1 ion u ing a 

Oenco Phot lo ter d filter of 410 to 4 mu . 

'l'h tran mi sion d ta w converted to icrogr of 

nitr t · nitrog n from c libr tion curve , and the dat a 1s 

t corded 1n appen e3 I and II . 
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ST TISTIO L ALY I O D TA 

i ologie l d t 1 ht hly V r1 bl 11 

d 1 e er1ments y provid 1ng 

itude of t h1 ri ti • Convention lly, re 11-

o te of oh tre t ment a.coo 1 h t h is objeotiv with 

t r plic t .ee b 1. ng the nimum d much r num r 

b 1 g ore de 1 r bl e. 

t ohn1qu is th t 1 r: -

The ajor limit t1on f thi 

l t be pro-

oe In the res nt 32 1nd iv1du 

ly w r n t h but on r 11oa-

t1on. neo ry preol 1 n ob ieve by u in 

ti tio 1 t ohni ue for l yz1 th Th 1 

chn1 u 1 e cri i n t h uoc ing p ag? ph. 

Th tic tool or teohn1 u u e to 
v lu te riment of th1 t ithout th u e of 

r 110 t 1 . b on t h t ct th t h n ly 1 of 

1 1nt rpr ted it is 1 o 1bl , to de-

r e, to interpret t h1r h i gher or er inter ctions . 

T e hi gh r or r . e lu th t h rrol' 

t d re ult 1nor the ov r 11 and in ividual 

1t ion ceordingly. In th exp ri ent de cribed 

fiv in et ct er·e oon ider ; t mper ture , oil t e , 
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rte of h rbicid , 1nd of herbioid , ands ling d tes : 

10 fir t order i nt ot1on ·, 10 eoon or r ctton ; 

t h ird h i gh r o:r er int r ct ion wel' . lu d th th 

rror ter • 

r h 

The t ti tic l t hniqu by 

le 1 gi v n 1n d t il in 

ioh the t 

en io I and II . 

Th d t wet an yzed int d1ff r en nne~ with 

1 nt io re ult • A 33 x 4 f ctori e 1gn w u ed 

1n the rt nt th produ tion of n1tr t nitrogen 

tn!lu noed by tim , te r tur , oil t , r te ot 
h rbioid e , ind of rb oid nd t 1 ir int r t1on w re 

m ur d . 

Int suoo din di ou sion it 1 to b und r-

s oo th t nev r t h term itr t nit ro en i s u d it 

w111 r fer t o t h v r a e 

duoed . 

h n y 1 f th 

unt of nitr t nitrog n p:ro-

1ncre 1n ni t r w obt 1ne 

h .w t h t a 1 nifioant 

r ~lt of the ction 
of l of t h m jor va b l un con id r tion . Th 

ffeot of t r tur on nitr t ro uot1on s line , 

t h i h r the t mper t ur • t 1ghe:r th nitr t ro-

uoti ( ee bl 4) . !no .h t mp, r ture us were 

w 11 within t h e r n e no lly found in t h s oi l • th 

d t confir pr dictions which could h ve been m de from 

th.eor,-. 
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The effect of soil tyPe wa very ignific t . 

The d t how th t the oil stu ied n1trify at d1ff rent 

d ch cteri tic rates . The major f actor involved in 

the differences between the aoils ear to be t h 

mount of clay wh ich the soil cont 1n. The Gilcrest nd 

roduoed les nit~ te than t h Rocky Ford lo m wh ich in 

turn p ro uo 1ess t han the La im cl y . Mio:robi 1 

popul t1on also inerea e with the cl y content of th 

oil d heno one lan tio t h1 ffeet of oil 

tYPe my be th t h i hr number of nitrify ng b ct eri 

1 s ooi ted 1th t he incre e in clay content ( 

T ble 6 d 7) . 

Ni tr te ni t rogen incre sed in 1 of the oila 

a fun tion oft • Thi i a uld b xp oted d 

i a direct result of t he build up d ·apt t1on of the 

ie~obial popul t1on. 

The m in ff ct of h bioid ndic ts t hat 

th re is no tati tical difference in th a ount ot 
nitrat nitrog n roduo by oils tre t d th eith r 

Ohloro-IPC or 444 • So il re ted with th e m teri ls 

ho ever , p roduoed s i 1f1oantly le.a ni t r t n itrogen 

th t hos t o ieh ca.loium eyana.mide h b en dded. 

Tbere no iff r eno in t he ount of nitr t e nitrog n 

produced b y oils tre ted with Ohloro.IPO or 444 d the 

nontre :ted oil . 
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1nd1c, tes th t th re • s signif io nt 1ncre in 

n1 tr te ni t:rogen produot ion ov r th cheo t 11 te per -

tures nd at 11 oth r h rb1oid rates . 

e rel tion h·p bet kind of 

oil -ype s the vari ble f f ct n itr t 

rbioid and 

ooumul t i on 

1 h o - 1n T bl 5. Thi d t 1 die t th t the 

h rbici e did not ot d iff rently in the soil tudied. 

Th ov 11 eff ot of the d i ffer nth rbioid w o t 

ronounc din th L An C y. 

Th ffeot of th r t 0 herb1oi e applic tion 

wh n oom in th t h e f f ot of o 1 t e 1S ho in 

. i g. 2 al o in 'l'abl _ a. ble 6 point out that the 

soil react i ila.l'ly t 11 r tes of ller 1o d p io -

t1on and n1t:r t n1 t rogen p ro uctio i or see ( i 

g r 1) . th l' t of herb ci appl ic tion and 1th in-

C ea in th cl y conte t of th oil. 

he a t a rrang t o aho t e rel tionsh ip 

b ten o i l t yp e d s mplin e ho in T ble 7 . 

Th d ta ind ic t t 1 ils r ct 1 ll rly to 

pro uc iner i ng a ounts of nitr te ni trogen a th 

l en th of in u tion of t he 011 sample inorea s . 

h effect of sampli dates wh n co ine th 

herbicide 1 given in bl s. h .e d t in 10 t t h t 

C ei m e iner t h oun of n '.i.tr t 

nitrog in th e t all s pling d t i i f 1o tly 
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T ble 3,-•TEMP RATUJlE BY ERBICIDE I ERACTIO • 

Herbicide 13°0 2s0 c 3S0 c L. • D. L. .D • 
.A.,(g 03/l g of soil .os lev 1 . 01 level 

Chee 9 .82 12,59 15 . 76 0 , 66 1.09 

C C 2 14.06 19 . 66 26 . 74 0 . 66 1.09 

CIPC 13 .50 16 .SO 20 ,80 0 .66 1,09 

444£ 12 , 74 16 .06 21,82 0 . 66 1,09 

Table 4 . - -TEMPEM BY HEUlCIDE BATE INTERACTIO , 

H rbicide 13°C 25°c 35°c L. ,D. L.S.D. 
rat ,-{_,/.., g NOrn/1 g of oil .• os 1 vel .Ol lev l 

0 13 . 12 16 . 80 21 .02 0 . 67 l.02 

1 12 . 80 16 .45 21.42 0 . 67 1.02 

2 14.80 17 . 78 23 . 60 0 .67 1.02 

3 13 .02 1 . 62 26 .45 0 . 67 1.02 

Table 5 . ··HERBICIDE BY SOIL TYP INTBB.ACTIO . 

oil cla Chee 2 CIPC 444E L • • D. L •• D. 
1 g of soil .OS lev 1 .01 l v 1 

Sand 9 . 14 13 . 63 12 . 77 12 . 19 0 . 67 1.02 

Lo 13 . 23 18 .80 16 .62 16 . 96 0 . 67 1.02 

Clay 15 .82 28 .03 21 . 39 21 .46 0 . 67 1.02 
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Table 6. - -SOIL TYPE BY HE ICID RATE INTERACTION. 

H rbicide Sand Lo L. S.D. L.S.D. 
r t -'48 N03/l g of .OS level .Ol lev 1 

0 12 . 18 17 . 65 21 . 12 0 . 67 1.02 

1 12 .45 15 .87 22 . 35 0 . 67 1.02 

2 13 . 60 18 .S8 24 .00 0 . 67 1.02 

3 13 . 25 ·17 . 78 27 .07 0 .67' 1.02 

Tabl 7. - - AMPLING DATE SOIL TYPE INT iACTION . 

Sampling Sand Loam Clai L. • D. L. S.D • 
date µ. g 03/l g of oil .05 level .01 1 vel 

5 day 10 . 35 14. 62. 18 .45 0 . 67 l.02 

10 days 11.90 17 . 38 22 .45 0 . 67 l.02 

20 days 14.50 18. 50 24. 53 0 .67 1.02 

30 days 14. 70 19 . 38 29 . 12 0 .67 1.02 

Tabl . 8. --HER.BICIDE ·BY SAMPLIIG DAT INTERACTION . 

s pling CacN2 CIPC 444E L. S.D. L • . J) . 
dat .,ug N03ll g of soil .OS l v 1 .01 level 

5 days 15 .60 13 .90 13 .90 0 . 67 1.02 

10 days . 19 .06 . 16 .98 15 . 68 0 . 67 1.02 

20 days 22 . 13 17 . 15 18 .21 0 .67 1 . 02 

30 days 23 .81 ' 19 . 68 19 . 68 · 0 . 67 1.02 
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hyd rolltide: 

m t ly s 

form : 

20a a + 28:a()--------+Oa(HO 2) 2 + Oa(OH)a 

In conoentr t ed olution ba ic lt ulti-

r t s out in n edl e d tre cyan 1de ts 

20 (BOlia)a + 2H -----+(O R)z O 2 + 2H20N2 

Fre oyan id y berg d d e1th r Ha .o 
or o rbodiimid HN O . · H , d both f orms re prob-

bly present in olut1on. I t behave we k mono-

b io c1d ; diba.810 lts do not ex1 tin solution. 
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An qu ous solution of pure cy amid 1 rel -

tiv ly s t ble , but 1n the pr e ence of acid or k i or 

cert n other c t yst 1 t undergoes fairly r pid ch g e • 

In mod rt ly alkalin olution , especially when he ted., 

it pol ymerise almo t quantit t1vely to dioyanodi i d 
NHa 
O IH. The r t of re otion inor e es with the pH v lu 
H. CN 

up to bout 9. 6 , but i n till or alk line condi tions 

( H great r th n 10) th r ate f alls off r p i dly, hil 

hydrolys is tour commence and becomes lmost quantit -

ti ve bout H v lue of 12. 

In oid olution free oy amide 1 hy r olys d 

to ure , 

oompoun , 

d the re· otion is c t alys d by many org 1e 

eei ly alt or oxide of iron or man 

Thi 1 the formal oh nge undergone in the soil . 

e e. 



le ium cyan m1.de 1fh pplied to the soil 

usually deco o ea 1nto a or readily v ilable fo r 

1 t utiliz tion. nth proo ss t p es t hro . h a 

tage ich is toxlc toge in ting weed eeds . In dry 

o 1 having rela tively h i gh pH bove s.o, calcium 

cy amid t nds to polymerize 1nto d ioiandiamid. 

h i co ound has little v lue either a a 
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f rti11z r or herbici e beoaus of it rel tive t bility 

and in olubility. 

or t he other to herbicide • OIPO d 4 4E, 

the ount of n i trogen hioh may h ve been introduced by 

tea · 110 t1 on of the h rbtoide , was negl1gible. 

b r ar numb r of po . ibl l t1on for 

t e inc t·e e 1n ni tr te ni tro en ov r th t in th control 

in tho eoil tre te wit CI d 4 • On XPl n -

tion mi ht be th t p rti t riliz tion of t ay tem is 

brou t bout by th reatmen t . There r ve~kl 

th ori to e 1 i how rti l t r1liz ti n 1ncr es 

oil f rt11 i ty. Th e p roo m y de troy the biologic l 

ch c · io ha · mint in iv n o ul a. tion t 

oert in level . b ddition of toxic t rial or other 

tm nt rv s to k ill or severely restrict th 

otivit a of ome member of the iorobi l o ul tion. 

It is kno that the pro tozoa nd o hi her fun i re 

sp c1ally u o tible . e org ni m which h ve b en 
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killed serve high oarbon-n1 t rog n r a tio food ource 

fo:r t e r ini portion of th po u1 tion . 1no the e 

organism · r b i g in n1trog n, mont 1 rele 

n1tr1f1 and it t • in o s of t hat 1 a cont ol 

oil , i f ound u on ai al ysi • Thi y very ell be t he 

explanat1o or t h incre e i n n1tr t nit og found 1n 

th i er1 ent tudy. 

T d t ho g n r a l i er a i nitr te ae 

a uncti n of both r an t1 e. Th t mper tu~ea 

u w r 11 within th r e nor ly ound in the 

s s oil in th field . T mp er~tur inore e nor lly 

would double th ount of nitr t roduo for a.ob 10 

de ree ri in t emp r ture ( d re ce ti grad! ) • The 

inore h r in reported re o wh t les s th his . 

Th t er ture range u 1 qu te sim11 rt t t which 

ould be encount re in th f 1 ld from pring to 1 t 

um.m r a.n t rte of nitri f io tio couple wi t e 

info tion vail ble to t eff ct of leng . h of inoub -

tion g ve 1oting , at least in the o e of 

O a, the mount of n1trat which would be v il le at 

iven length o time f t er pplica tion. 

oh oil roduce a oha.racteri t1o nd. dit-

f erent curve for nitr te aooumul ton s funotton of 

the v riables studied in t h1 exp rim nt . h ourv for 

1ven oil is function of many v r i bles , 1n dd1tion 
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1 int or hol on t t 11 r1 bl o.., t th on 

e.r oon 1 r tion. 
ri ent 1 co ·1 ion 

for oonjectur • 

1 h rb1c1 

incu tion 1th XC 

CIC u d in . ich 

er s ppliet r1or 

1' t P lie to the 

eth r or not sueh 1de 11z 

re otu l ly produo 1 tt .r 

l plioat1o r ma prior to 

tion. A it p 11 tion f 

th ui l nt of thr p un 

to 1ncub i o ' d th n e 

ie oil s amples ft t hey h d 
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r 

i ncub t or n • h re . 0 in ic tion of re-
d ct ion in th pro uoti on of nitr t nitr en r ult1ng 

bi ti· t ment . T iis we l d tend to ndio e th t re-

p d d i tio of t h 

or 

cti vi ty 

d 

of n tr t p oduotion . 

b t h t 
n .b r i 

o trol) 

ure 

11 

eoul 

tl f 

f 

do 

by th 

etio 

b u 

ect o 

erbici ( t r t s 

t gr tly infl ene e 

p ci liz d proo e 

r oo end tio would 

fr oon i d r ble 

pro u tio of 

nitr t nitrogen d pro bly th littl eff ct o th 

eoil in n er 1. 

I umm y it my concl d t hat or the 

h rb1a1 es o nsi er d, i no deleteri u e!feot on 

t e 1 io ro 1 l 1 tion, p rtioUl rly tho or _ 1 ms 

hich ro uo nl tr te itro en . h inore 1 nit t 

n1 ro , n produetio ould nh oe oro growth nd ther e 1 
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littl 1ndic tion that there wou d b yr sidu 1 ef -

f ot· f the fr uent u o f t ma.t rial • e study 

ndica te hat if cond1tions w r oa oiu 

i d could s rv oth a rb· 1d . an 

f xt111 er. 
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B 1nbr1 e t . l . (4) , t te tha t in n l zing 

the re ul ts of f tori 1 er1ment 1 t 1 o et1m s de-

ir bl t o c leul te art ly oo 1 t of 

n ean qual"e ch r l ting to ne d r 

Thi com _l te ly i is mot v lu ble in co pl x 

m nt d signs h!ch include oontound in , dif f e r ent error 
oo onent, n po s ibilitie of error v r ying with factor 

l v 1 or r lto tion, or wh r it i esir bl t o ine 

nd 110 for th eff ot of some unoontroll v rtabl . 

For x le in the re nt xperi ent , the um of squa re• 

s ooi ted ith t h e t mer tur b h rbicid e in 

(oont 1n1 fur degree off~ dom) 142. 22. sing th 

t bul r analysis described 'by l'J iub1:..ct e et . 1 . (4) , th 

sum of equ r a ooi ted ~it ea.eh degPe of fr _edom ot 
thi inter ct ion -re: 59. 63 (1 ine r b l in r ff ot) , 

l . 46 (1 ine r by quadr t 10 ffeet) , ao . 25 ( u dr tic by 

liner eff ct) , 

1vi mor 

d o. 88 ( uadr tie by qua.cir tic effect) , 

tiled tudy of th int r ct1 n. It i 

Vid nt th t t of the um of u r·e of t h temperatur 

by h rbioi d int r otion re no t 1 ~ 1fio t . Thu t h 

de re of 001 t e t h e h of t hese t um 
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of squa.ree mi ght v ry ell 'be oombtned 1th the error 

t : , which uld tend to 1ncre 

?1menta . 

th _ pr e1s1on of future 

The gen r liz d t bul rm tho i i llustr ted 

in bl 9 for t h f \ltori· l ri nt us in thi 

tu y . The ooeff1o1ent u e in ea.oh tag of the o -

oul tin re t und in bl s 10 11. ef er ring now t o 

bl . 9, the r dat 

03• v lue . Colu 1 

e given in the column head d 

orm d by f ir t dividi ng the 

col he by OT v ue into group of threes to 

t h thr v 1 oft ctor (h rb1o1d s , oil , 

t ture • The u of oh rou . of thre numb ·rs 

w re obt in d., an tho e numb rs bee me th fir t 144 

n b r f column 1. Tho numb r w re obt ined by using 

o f 1o1ent in T bl 10 . h oo 144 numb r of 
column l wer obt ine by ubt r otin t he fir t number 

( in the fl r t rou of thre number ) from th t h ird or 

l t numb r . C ff1oient 1 1n T ble 10 w u ed in th t 

t • Th l t 144 numb r 1n column l wer obt 1ne by 

ubtr cting to t 1 e th oon numb r f th fir t 

numb r of the rou of t re num er , d dding th thir d. 

Oo f icient 0 T 1 10 u ed. in t i t ep . T 1 

roe w re t d ov r a tn f r oh group of t hr e 

nub r in column - 1 , 2 , n 3. Th r · re 14 roups 

cont 1n1ng three number in ch of th e columns. 
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T ble 11.-•0RTHOGONAL POL 0 ! Ali CO FFIC I NT AND DIVI ORS 
OR 4- L L F-OTOR . 

Oo f f ioi t 
nu l a 
0 1 l 

l -3 ' -1 

2 1 -1 

3 -1 --- ----
Ch k - 2 a 

h oolu h 

ltd by u in th ivi or 

fici nt in T bl 10 an 11. 

3 4 Divisor 

1 1 4 

l 3 20 

-1 l 4 

-3 1 --
.. a -6 

1 vi r ('l bl 9 ) c lcu-

oi t 1th th oo f-

to th c 1 

h ed RDH ( T hl 9) in th e le blow• 1t will 

b noted th t th oolumn · h d · by c.n D cont in 'tour 

f tor • Th 1 vi ·or e. soe1 · ted t ' th eoet to1 nts in 

'l' ble 11 r u ed for th fir t two column • Th n rl 

t hre 00 

f otor ' 
from bl 

umn he 

thu t h e 

10 

nt 
r of 
or in 
tr :t 

r 

1c cod 
f or each 
tre t ment 

by tl 1 

i 1 Ol' . 

u e on th 

DH . T 

4 3 3 
0 0 0 0 0 
1 1 2 a a 
1 o a 2 

0 0 1 l 

tter · H, cont 1'.rl 

oci te t th -

thr column • 

or f 
col 

4 4 3 3 3 
20 20 s a a 
2() 4 6 6 6 

4 4 3 2 2 

only three 

ooeffio i nt 

D1 v1 or 

432 
86,400 
17,280 

192 
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'l'he 1 visor soci ted with O tre t ment ( wh en 

th tre t ent cont in four f to ) 

fo the umber o in T ble 11 under -the b 

fund by looki 

ing coefficient 

num er, and then r ing oro th t ble until the 

nub ·i four found und r t h e he ing d i vi or. Th 

divi or for y tr 

foun in ex otly th 

ent oentainin four f otors o be 

e nn r . 

cont 1n only three f actor t h 

n t h tr t ment 

e method w a u 

e o t bl 10 w uaed in _ te of Table 11. en th 

1vi or of ch oolumn found the produot o th e 

f 1 v numb :r w "' th fin l i v1 r . 

oh column w oh eke in the follo i ng m nner 

in o r to corr ot for mist es . _eginnin 1th th 

c umn h ed 03~ v lu , the um w obt ind. Th 

s m aolumn s divid tnt roup ont inin thr 

nu1J1b 

(ther 

g 

done b f :r • he fir t numb r of 1 g r ou -

r. 

r 1 44 roup h ... nce 144 number ) ere add d to-

ll eoond numb r of e ch g roup d 11 t h ird 

nu be:r of oh rou w r m in 11 e m n r . 'l'h1 

g -, thr SU h ioh l' itten t the e d of t h 1 

column d l b le SU Th e u 0 th thr ums 

a b t in d , sho he n of bl 9., In T ble 

10, 1n th ro p l' ix d by th wo:r tt cheek 11 
- ' the number 

l , •l, an 3 er b th u1:>tot s of the 

column h aded Oa- v lue in uoh y t h t the fir t 



subtotal sum w s ultipli d by 1 , t h econd by -1 d th 

t h ird by 3. Th follo in e•ample w tak n from Table 

9 • Th ir t! econ· , n thi rd ubtot 1 sum er, 

1 , 209 , 1 , 5 7 , 2, 0 l re cti ely . ultipl1 r 

val es k fx m T 1 . 10 re 1 , - 1 ,d 3. 

(l 9 X 1 l\l" 1567 X -1 lus 81 X 3 u ed 58 5) . 

Wh n th um of th aubtot sum fo,: col 1 · s com-
to t 1 nu b 5, 8 s, they ound to be t h 

8 • m1 t oul be pl'e ent if t . wo nu r were 

not 1d nt1c l . Thi proo a the aam for 11 of the 

column XO t d 5. For. th column t e ubtot 1 

um .re ul ti 11 d by the numbe s in th row p refix 

by the ord che k in T ble 11. 

1'h 

de-re of £reedom 

f u re oci ,t d it e ch singl 

obt .in by qu ring e ch it m in 

column 5 and dividin by th di visor 

rt1oul r tre ent. 

soi ted with the 

th t h mor · or h odox tho 

cul tin the u of s u res from n b r of t o- Y, 

re - Y, four- Y, · iv - y t bles th t bul 

re ent m ch l 8 op ortun1ty or o pying rxor 
and l p e the dv t ge th t it 1 eompl tely 

e f-ch C 1ng. in effect int r tion can 1 o b 

' 
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obt in fr (: • L th1 · tu y th wer obta ined. 

f ma an 3- y tabl • 
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T 1 9 . ••ANALYSIS 0 VAR CE U I 08.THOOO AL POLYN ALS (4). 

BDHST fi' tment 03- I It III IV V Divisor Sum of 
valu a square 

00000 an 2 17 81 236 1146 4 57 432 54,607,52 
00001 Tl 9 32 69 273 1140 872 288 2,640 . 22 
00002 T2 6 32 86 308 1264 156 864 2 . 17 
00010 Sl 7 15 91 329 1307 969 2 3,260 . 28 
00011 SlTl 13 28 95- 223 178 342 192 609 . 19 
00012 1T2 12 26 87 273 194 1S0 576 39 .06 
00020 S2 10 9 101 301 198 141 64 23 .01 
00021 - 2Tl 10 31 101 343 302 278 S76 134. 17 
00022 2T2 12 36 106 273 12 30 1728 0 .52 
00100 lll 4 23 101 293 30 - 295 288 302. 17 
00101 BlTl 5 33 114 340 64 • 107 192 59 . 63 
00102 H1T2 6 35 114 3S8 so 29 76 1.46 
00110 HlSl 8 24 76 245 201 •154 192 123 .52 
00111 1S1Tl 12 32 77 325 223 • 80 128 so .oo 
00112 R1S1T2 8 39 70 345 234 • 58 384 8. 76 
00120 1S2 4 21 91 392 311 -130 576 29 . 34 
00121 H1S2Tl 11 30 91 36 86 •116 384 35 .04 
00122 HlS2T2 11 36 91 28 74 - S8 1152 2.92 
00200 H2 4 26 106 44 60 285 864 94.01 
00201 H2Tl 7 35 93 70 122 21S 576 80 . 25 
00202 H2T2 8 40 102 40 12 39 177.8 00 .88 
00210 H2S1 8 2 120 32 64 192 SM 64 .00 
00211 H2 lTl 10 35 113 3S 60 36 3~. 3. 38 
00212 H2S1T2 13 41 110 87 14 - 114 1152 11 . 28 
00220 S2 9 26 107 36 • 45 60 1728 2.08 

22 H2S2Tl 11 37 88 53 69 8 1152 0 .06 
00222 H2 2T2 16 43 78 52 10 30 34S6 0 . 26 
01000 Dl 9 27 105 57 107 1465 2160 993 . 62 
01001 DlTl 6 27 101 39 40 542 1440· - 204.00 
01002 DlT2 8 47 87 74 130 4320 3.91 
01010 DlSl 9 27 140 67 36 415 1440 119 . 60 
01011 Dl lTl 10 37 102 116 128 292 960 88 .82 
01012 Dl l 2 14 so 9 - 28 54 - 32 2 80 0 . 36 
01020 D1S2 9 24 142 · 36 • 24 427 4320 42 .21 
01021 Dl 2Tl 12 40 103 - 4 • 56 368 28 0 47 .02 
01022 D1S2T2 14 so 113 8 56 - 44 8640 0 . 22 
01100))1Hl 12 19 7 - 14 19 - 177 1440 21 . 76 
01101 Dl lTl 4 2S 79 12 • 20 - 73 960 S.5S 
01102 DlH1T2 8 32 79 7 •118 63 2880 1. 38 
01110 DlHlSl 10 18 142 25 -176 • 18 960 0 . 34 
01111 DlHl l'll 10 26 95 6 12 8 640 0 . 10 
01112 DlH1S1T2 12 33 88 47 6 - 54 1920 1.52 
01120 J)lB1S2 9 20 151 - 8 3 -19 2880 13. 61 
01121 DlHl 2Tl 12 20 90 19 •128 44 1920 1.01 
01122 J>lH1S2T2 18 30 104 11 16 -174 5760 S. 26 
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Cont nu d. 

NOJ•N I II Ill IV V Divi or um of 
values aguar 

01200 1>1H2 6 23 173 34 - 20 283 4320 18 .54 
01=:01 DlH2Tl 6 27 113 . 9 - 1 65 2880 1.47 
01202 t>lH2T2 9 41 106 14 40 145 8640 2.43 
01210 Dlll2S1 9 20 11 43 14 112 2880 4 . 36 
01211 01H2S1Tl 9 29 9 42 .. s 76 1920 3.01 
01212 DlH2S1T2 12 42 16 47 - 35 • 254 760 11 . 20 
01220 Dlll2S2 10 24 9 69 -128 -296 8640 10 . 14 
01221 Dlll2 2Tl 10 29 7 38 4 -136 5760 3. 21 
01222 D1H2S2T2 16 38 12 54 - 1 106 17280 0 .65 
02000 D2 8 29 15 52 - 12 ... 59 432 8.06 
02001 D2Tl 8 32 14 79 - 65 90 288 28 . 13 
02002 D2T2 10 45 15 51 - 10 • 74 864 6 . 34 
02010 D2 1 9 25 19 56 • 47 4 288 6 .42 
02011 D2 lTl 14 27 2 49 • 26 18 192 1. 69 
02012 D2Sl't2 12 41 23 78 25 166 576 47 ,84 
02020 i.282 9 24 13 so • 14 67 864 5 . 20 
02021 D2 2Tl 12 34 8 s. .. . s 18 S76 O.S6 
02022 D2S2T2 19 44 19 78 - 7 • 2 1728 o.oo 
02100 D2Hl 26 8 98 • 104 33 28{} 3. 78 
02101 D2H1Tl 9 39 11 6 6 25 192 3.26 
02102 l>2HlT2 8 ss 13 22 • 21 9 576 0 . 14 
02110 D2H1Sl 9 28 11 26 .. 18 6 192 0 . 19 
02111 D2Hl lTl 12 34 8 32 • 83 20 128 3. 13 
02112 D2H1S1T2 14 51 16 s - - 90 3 4 21 .09 
02120 D2Hl 2 10 24 36 14 - s 18 576 0 .56 
021211>2 1S2Tl 12 35 25 19 32 • 20 384 1.04 
02122 D2R1S2T2 . 19 Sl 26 36 .. 77 - 6 1152 0 .03 
02200 D2H2 24 13 9 9 .. 23 864 0 .61 
02201 D2ll2Tl 9 35 6 15 l 15 576 0 . 39 
02202 )12H2T2 9 48 17 16 2 7 1728 0 .03 
02210 D2H2 l 10 23 22 20 176 4 576 0 .03 
02211 D2H2S1Tl 13 29 19 23 4 0 '384 o.oo 
02212 D2H2 1T2 14 36 12 25 38 46 1152 1.84 
02220 D2H2 2 9 · 19 21 25 51 · 4 1728 0 .01 
022211>2H2S2Tl 15 26 13 49 122 - 48 1152 2.00 
02222 D2H2S2T2 19 33 18 10 .. 36 34 3456 0 . 33 
030 0 '1>3 7 22 17 • 12 24 ss 2160 1.40 
03001 3Tl 10 41 11 8 2S 164 1440 18 . 68 
03002 D3T2 10 42 29 6 26 520 4320 62. S9 
03010 D3 1 8 20 26 21 6 175 1440 21 . 27 
03011 Dl lTl 9 42 9 0 - s 64 960 4. 27 
03012 D3 1T2 10 39 4 19 4 •104 2880 3. 76 
03020 D3S2 9 20 48 22 146 - 41 4320 0 .39 
03021 ·»3S2Tl 1 30 19 27 - 22 -124 2880 5 . 34 
03022 Dl 2T2 23 37 13 . 5 11 •188 8640 4.09 
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'f bl .. 9 . -- ALYSI 0 V IANCE U ING O l'IIOG AL LYNOML\L (4) .... 
Continued . 

t N03 .. N I II III IV V ivisor 
valu a 

03100 D3Hl 6 35 46 • 2 • 30 ... 19 1440 0. 25 
03101 D3H1Tl 9 48 6 30 77 - 51 960 2. 71 
03102 3 1T2 12 57 15 29 - 24 ... 19 2880 0. 13 
03110 3H1S1 10 29 65 • 11 i • 86 960 7. 70 
03ill D3HlS1Tl 10 33 26 • 15 • 48 •104 640 16.90 
03112 D3HlSl't2 17 40 25 11 • 9'1 • 38 1920 0.1s 
03120 D3H1S2 10 24 • 15 • 37 6 -. 46 2880 0. 73 
03121 D3H1S2Tl 15 34 • 15 12 . 9 168 1920 14. 70 
03122 D3Hl 2T2 25 40 2 - 13 - 11 62 5760 0. 67 
03200 D3H2 7 33 7 17 74 •299 4320 20 . 69 
03201 D3H2Tl 7 39 17 10 . 8 -145 2880 7.30 
03202 D3H2T2 10 70 12 18 • 19 -185 8640 3.96 
03210 D3H2S1 10 29 • l 22 .. 12 4 2880 0.01 
03211 D3H2S1Tl 15 25 2 19 47 52 1920 1.41 
03212 D3B2S1T2 15 49 • 5 3 6 202 5760 7.08 
03220 D3H2S2 9 28 ... l • 46 • 39 20 8640 5.01 
03221 3H2 2Tl 17 36 12 - 5 ... 14 188 5760 6.14 
03222 D3H2S2T2 24 49 • 3 58 77 142 17280 1 . 17 
10000 l 3 17 • ll ·14 314 607 2160 170. 8 
10001 RlTl 10 24 2 31 3 376 1440 98 . l 
10002 1T2 6 46 • s 42 302 148 4320 5.07 
10010 1 l 6 20 · 10 20 461 341 1440 80. 75 
10011 Ill lTl 9 28 l 6 118 94 960 9. 20 
10012 1S1T2 10 31 l - 2 144 2 2880 o.oo 
10020 1S2 8 22 13 62 397 4320 36.48 
10021 1 2Tl 10 25 • 6 2 218 226 2880 17 . 73 
10022 1S2T2 14 32 0 1 68 • 26 8640 0 .08 
10100 lHl 4 23 12 26 112 •683 1440 323 .9 
10101 8.1 lTl 7 34 s 35 • 16 •423 960 186. 38 
10102 RlHlT2 7 85 8 12 • 34 8 2880 2.51 
10110 lllHlSl 8 27 11 - 3 83 -456 960 216 .60 
10111 1H1S1Tl 9 32, 10 • 13 121 - 212 640 70 . 23 
10112 lHl 1T2 9 36 • 15 10 . 74 126 1920 8 . 27 
10120 l 1S2 10 21 18 42 137 -272 28 0 25 . 69 
10121 1H1S2Tl 9 32 17 21 82 •264 1920 36 . JO 
10122 lHl 2T2 14 3S 12 17 98 -170 5760 s .02 
10200 1H2 4 32 • 13 49 34 565 4320 73 . 89 
10201 l 1 1 41 - 3 41 78 367 2880 46 . 77 
10202 &lH2T2 9 78 14 8 187 8640 4 . 05 
10210 11l2 1 2 25 13 12 16 470 2880 76 . 70 
.i.0211 1H2S1Tl 25 • 11 26 2 256 1920 34. 13 
10212 lllB2S1T2 10 40 17 2 • 58 •41 5760 30 . 33 
10220 1H2S2 7 26 6 7 161 202 8640 4. 72 
10221 lH2 2Tl 10 35 • 5 0 31 172 5760 5. 14 
10222 1H2 2T2 13 43 10 7 206 238 17280 3. 28 
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Table .9 • -- ALY IS OF VAIIANCE U GO THOG AL POLYNOMIALS (4) .--
Continued. 

RDHST Trea nt 03-N 1 II 111 IV V Divi or Sum of 
values aguar a 

11000 1111 7 33 4 - 38 29 355 10800 11 . 67 
11001 lDlTl 6 52 17 - 21 76 218 7200 6. 60 
11002 1DlT2 10 88 13 • 31 42 -434 21600 8 . 72 
11010 lDl l 11 28 • 2 - 20 158 115 7200 1.84 
11011 1D1S1Tl 9 37 - 12 16 92 - 76 4 00 1.20 
11012 1D1S1T2 7 48 s 23 • 22 -212 14400 3 . 12 
11020 1D1S2 10 24 - 7 1 -128 -221 21600 2. 26 
11021 1Dl62Tl 12 35 21 122 164 14400 1.87 
11022 lDl 2T2 19 47 13 11 - 16 26 43200 1. 66 
11100 lDlHl 6 4 15 s 33 -617 7200 52 . 87 
11101 lDlHlTl 7 11 - 4 - 16 • 53 00 0 .59 
11102 1D1H1T2 7 2 17 s • 24 4 7 14400 16 . 47 
11110 lDl l 1 8 2 12 13 -170 -12 4800 3. 41 
11111 lDlHlSlTl 9 0 15 - 6 - 6 40 3200 o.so 
11112 lDlHl 1T2 12 7 1 0 - 48 166 9600 2. 7 
11120 RlDlH.l 2 11 4 14 - 4 31 292 14400 S. 92 
11121 RlDlH1S2Tl 14 5 16 • 10 - 50 124 9600 1.60 
11122 · 1DlH1S2T2 17 7 17 • 29 - 66 -45 28800 1.2 
11200 1DlH2 6 - 1 20 • l - 34 943 21600 41 . 17 
11201 1DlH2Tl 5 23 - 42 117 569 14400 22. 48 
11202 1DlH2T2 10 5 26 • 29 46 325 43200 2.4S 
11210 lllJ>lH2 1 9 - 4 13 - 12 166 14400 1. 91 
11211 1DlH2 lTl 9 2 lS • 54 11 -292 9 00 8. 8 
11212 1D121T2 11 9 10 • 47 -21 -26 28 00 0 .02 
11220 JllDlH2S2 9 3 1 - 67 • 20 -290 43200 1.95 
11221 1DlB2 2Tl 13 3 22 5 - •592 28800 12 . 17 
11222 1DlH2S2T2 16 6 14 3 S -3 6 6400 1. 72 
12 00 1D2 8 2 16 0 6 - 45 2160 0.94 
12001 1D2Tl 11 3 16 4 5 - 150 1440 15 . 63 
12002 1D2T2 10 10 20 6 - 18 1S0 4320 5 . 21 
12010 1D2 1 12 0 29 5 • 31 -101 1440 1.0 
12011 1D2S1Tl 9 s 23 s - 48 86 960 1.10 
12012 1D2S1T2 11 9 27 • 10 43 166 2800 , .s1 
12020 1D2S2 12 1 24 4 -10 - 9 4320 0 .02 
12021 llll)2S2Tl 11 4 13 - 10 - 25 - 6 2880 0 .01 
12022 1D2 2T2 22 10 14 - 3 • 69 186 8640 4 .00 
12100 1D2Hl 6 3 20 12 4 41 1440 1.17 
12101 1D2H1Tl 9 2 19 • 22 - 42 37 960 1.43 
12102 lD2HlT2 10 14 17 - 35 51 - 79 28 0 2. 17 
12110 1D2 l l 10 6 22 - 31 2 60 960 3. 75 
12111 lD2HlS1Tl 11 7 11 - 40 7 • 16 640 0 .40 
12112 1D2H1S1T2 6 15 16 17 36 • l 1920 0.17 
12120 1D2H1S2 10 3 37 5 • 25 152 2 0 .02 
12121 1D2H1S2Tl 13 5 20 - 4 - 90 - 0 1920 3. 33 
12122 11>2H1S2T2 18 15 21 - 2 - 9 •23 5760 9 . 83 
12200 1D2H2 7 3 29 6 -109 -171 4320 6.77 
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T bl .,,9 .-- ALY I OF VARI CB U G 0lTHOG0 POLYN ALS (4). -· 
Conti u d. 

BDHST Tre nt NOJ• 1 11 Ill IV V Divisor 
va ue 

12201 1D2H2Tl 8 4 11 - 9 58 - 9 2 0 0 .03 
12202 1D2H2T2 9 6 10 - 13 164 51 8640 0 . 30 
12210 RlD2H2S1 9 3 62 .. 4 170 - 146 2880 7.40 
122 1 1D2H2 lTl 11 l 9 - 26 - 74 • 52 1920 1 .41 
12212 R1D2H2 1T2 4 4 14 - 6 0 - 50 5760 0 .43 
12220 1D2H2S2 10 s 46 21 35 • 90 8640 0 .94 
12221 B.1D2H2S2Tl 15 8 15 4 104 252 5760 11 .03 
12222 1D2H2 2T2 19 9 17 4 •130 1 6 17280 2.00 
13000 1D3 5 3 ss 9 106 20S 10800 3. 89 
13001 RlD3Tl 11 - 4 20 7 233 376 7200 19. 64 
13002 1D3T2 10 9 23 20 - 64 52 21600 0. 13 
13010 1D3 1 8 1 - 2 2 - 28 175 7200 4. 25 
13011 1D3S1Tl 10 4 s 3 67 28 4800 0 . 16 
13012 1D3S1T2 21 6 3 3 35 2S6 14400 4 .SS 
13020 &1D3 2 11 4 6 6 - 317 21600 4 . 65 
13021 1D3 2Tl 15 2 13 - 3 8 •212 14400 3. 12 
13022 1D3 2T2 29 7 3 - 4 11 16 43200 0.01 
13100 1D3Hl 7 2 8 4 64 - 119 7200 1.97 
13101 lD3HlTl 10 - 1 9 - 2 - 57 •111 4 00 2.57 
13102 l D3HlT2 11 10 9 - 10 -148 - 11 14400 0 .01 
13110 1D3Hl 1 9 4 11 - 3 43 -196 4800 8.00 
13111 lD3 l lTl 10 • 4 9 - 6 • 10 -200 3200 12 .50 
13112 lD3H1S1T2 15 8 12 - 16 •139 •41 9600 18. 20 
13120 1D3 1S2 0 2 3 • 19 8 - 116 14400 0 . 93 
13121 llD3Hl 2Tl · 16 s 1 - 48 -101 48 9600 0 . 24 
13122 l D3H1S2T2 25 9 1 - 29 •121 - 206 28800 1.47 
13200 1D3H2 6 6 • 32 - 82 61 21600 O. J.7 
13201 lllD3H2Tl 8 13 s 5 .100 -137 14400 1. 30 
13202 1D3H2T2 10 18 3 - 3 • 39 • 245 43200 1 . 39 
13210 l,J>3U2S1 10 4 l •130 322 14400 7. 20 
13211 1J>3H2S1Tl 9 6 4 1 - 67 436 9600 19 . 9 
13212 1D3H2S1T2 16 15 7 - 2 158 35 28800 4.45 
13220 1D3H2 2 9 4 13 - 3 • 71 430 43200 4 . 2 
13221 1D3H2S2n 17 6 11 - 1 20 76 28 00 0 .20 
13222 1D3H2S2T2 25 16 12 - 1 - 1 178 86400 0 . 37 
20000 ll2 4 6 0 - 1 - 16 . 49 432 5 .56 
20001 ll2Tl 10 l 10 - 6 - 8 88 28 26 . 9 
20002 R2T2 10 6 - l - 6 - 2 -32 864 1. 19 
20010 12S1 13 • 3 7 l • 33 55 288 10 .50 
20011 ll2S1Tl 8 2 7 • 13 34 74 192 28 .52 
20012 ll2S1T2 14 7 1 - 29 60 • 98 576 16 .67 
20020 R2S2 14 4 8 - 3 • 12•17 864 0 . 33 
20021 R2S2Tl 14 10 6 - 20 58 576 S.84 
20022 R2S2T2 20 3 2 - 7 • 52 190 1728 20 .89 
20100 2Hl 9 2 6 9 - 8 - 19 28 1.25 
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Co tinued. 

HT Trea nt 03-N I 11 Ill IV V Divisor 
valu s 

20101 ll2H1Tl 8 11 7 - 3 - 14 •125 192 81 . 3 
20102 2HlT2 6 9 7 - 9 0 83 576 11.96 
20110 B.2H1S1 9 1 18 - 12 23 - 74 192 28 . 52 
20111 B.2Hl lTl 9 10 0 - l 11 • 42 128 13. 78 
20112 2Hl 1T2 11 8 5 - 17 24 88 384 20 . 17 
20120 12B1S2 10 5 29 • 17 • 15 -106 576 19 . 51 
20121 ll2Hl 2Tl 9 l • 4 - 7 • 10 • 38 3 4 3. 76 
20122 B.2H1S2T2 17 6 0 o- 8 -112 1152 10 . 9 
20200 R2H2 3 5 10 6 - 2 85 864 8 . 36 
2020112H2Tl 9 3 8 • 25 22 37 576 2. 38 
20202 R2112T2 7 13 7 - 1 20 • 59 172 2.01 
20210 ll2H2S1 3 1 29 - 3 26 112 576 21 . 7 
20211 R2H2S1Tl 10 11 25 54 74 384 14. 26 
20212 B.2ll2S1T2 13 7 9 4 66 - 32 1152 o. 9 
20220 ll2H2S2 9 5 12 8 5 100 1728 S. 79 
20221 R2H2S2Tl 12 6 - 7 5 - 1l 70 1152 4. 25 
20222 B.2H2S2T2 12 7 s - l 112 136 3456 5 .35 
21000 R2Dl 1 4 - 6 • 26 - 39 5 2160 3. 34 
21001 R2D1Tl 6 3 - 9 9 28 130 1440 11 . 74 
21002 ll201T2 9 10 3 - 6 - 4 .. 62 4320 0. 89 
21010 R2D1Sl 10 · s 2 - 10 42 25 1440 0 .43 
21011 . lSlTl 10 • 6 7 2 - 4 2 960 0.82 
21012 ll2D1S1T2 21 12 - l .. 2 - 22 • 68 2 80 1.61 
21020 R2D1S2 10 7 s 15 .. 38 - 47 4320 0 .51 
21021 ll2'1>1S2Tl 13 8 5 0 46 - 32 · 2880 0 . 36 
21022 1S2T2 19 14 - 4 - 20 12 - 32 8640 0 . 12 
21100 R2Dl l 6 4 13 • 11 17 .. 97 1440 6 .53 
21101 R2DlB1Tl 7 (, 9 - 48 - 12 • 39 960 1. 58 

' 21102 D1HlT2 7 22 1 - 29 :). -103 2 0 3. 68 
21110 ll2DlH1Sl 11 2 0 - 16 26 2 960 o.oo 
21111 R21>~H1S1Tl 10 5 l 5 6 • 14 640 0. 31 
21112 2DlH1S1T2 21 2 - l 9 • 14 104 1920 S . 63 
21120 R2D1Hl 2 10 • l 16 - 3 29 • 10 2880 0 .03 
21121 2DlH1S2Tl 1~ 1 4 ... 5 4 - 114 1920 6. 77 
21122 2D1Hl 2T2 18 4 - l - 6 14 56 5760 0 .54 
21200 R2DlH2 5 4 17 - 13 24 -161 4320 6 .00 
21201 2DlH2Tl 5 11 s • 13 - 37 - 5 28 0 0.01 
21202 2D1H2T2 10 33 0 11 8 -533 8640 32 .88 
21210 DlH2S1 10 9 12 - 23 2 - 92 .2880 2.94 
21211 1H2S1Tl 9 s 10 20 - 5 • 74 1920 2 .85 
21212 R2DlH2S1T2 11 s 5 • 12 • 17 -320 5760 17 . 78 
21220 B.201H2S2 10 4 - 1 - 3 26 148 8640 2.54 
21221 ll2Dl 2S2Tl 11 s 7 - 25 8 202 5760 7.08 
21222 ll2DlH2S2T2 16 4 - 1 • 17 1 208 17280 2.so 
22000 ll2D2 9 14 - 8 - 19 12 • 39 432 3. 52 
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Continu d. 

t OrN I II III IV V Divisor of 
va u guares 

22001 ll2D2Tl 12 8 8 • 22 - l - 6 288 0 . 13 
22002 2D2T2 14 24 - 2 - 7 - 22 • 30 864 1.04 
22010 ll2D2Sl 14 2 22 5 • 11 • 27 288 2.53 
22011 R2D2S1Tl 17 • 6 11 • 19 - 38 6 192 0 . 19 
22012 l2D2 1T2 17 10 - 3 13 • 19 6 576 0.06 
22020 IUD2S2 11 2 8 12 • 22 -135 864 21 .09 
22021 8.2D2S2Tl 22 4 14 - 1 27 30 576 1.56 
22022 ll2D2S2T2 24 9 7 - l - 37 • 18 1728 0 . 19 
22100 2D2Hl 8 12 • l - 1 so S3 288 9. 75 
22101 ll2D2H1Tl 12 12 • 6 19 - 6 - s 192 0 . 13 
22102 2HlT2 9 41 - 4 l 31 3S 576 2. 13 
22110 R2l>2Hl l 9 4 • 26 0 - 34 50 192 13.02 
22111 !l2D2H1S1tl 10 7 12 • 5 - 11 - 6 12 0 . 28 
22112 12D2Rl 1T2 14 15 • 1 - 17 20 8 384 0 . 13 
22120 ll2D2111S2 10 s . 5 - 3 27 38 576 2 . l 
22121 2H1S2Tl 13 6 17 - 11 - 4 • 14 384 0 . 51 
22122 ll2D2111S2T2 17 14 • l • 46 • 49 -52 1152 2. 35 
22200 2D2 2 6 10 • 15 29 23 - 39 64 1. 76 
22201 2D2B2Tl 7 - ·, - 15 - 12 • 26 • 87 76 13. 14 
22202 R21>2B2T2 11 2 - 7 5 34 33 172 0 . 63 
22210 ll2D2B2 1 9 0 - 8 - 13 • 54 .. 48 S76 4 .00 
22211 2D2H2 lTl 10 • 8 - 1 - 8 • i4 30 384 2. 34 
22212 a2D2K2S1T2 15 - 1 .. 3 0 18 - 24 1152 o.so 
22220 ,'202l\2S2 10 • 2 - 4 22 33 72 1728 3.00 
22221 12D2ft;~S2Tl 13 l • 4 4 - 22 174 11S2 26 . 28 
22222 ll2D2B2 2T2 17 3 - 5 9 14 252 3456 18 . 38 
23000 ll2I>3 8 5 20 - 10 - 44 95 2160 4,18 
23001 2D3Tl 13 3 3 34 31 40 1440 1 . 11 
23002 R2D3T2 12 • 1 - 6 49 6 56 4320 0 . 73 
23010 2D3S1 12 12 1 8 14 • 15 1440 0 . 16 
23011 l2D3S1Tl 12 2 - 1 40 11 16 960 0 . 21 
23012 R2D3S1T2 15 3 10 75 15 • 36 2880 0 .45 
23020 ~2D3S2 21 3 10 53 • 36 101 4320 2. 36 
23021 D3S2Tl 18 3 4 9 14 • 44 2 80 0 .67 
23022 ll2D3 2T2 31 6 4 7 - l • 64 8640 0 .47 
23100 a2D3 1 6 2 10 2 - 14 -179 1440 22.25 
23101 2D3HlTl 12 • 7 12 • 14 1 7 960 0.05 
23102 R2D3HlT2 11 · 4 0 16 20 79 2 80 2. 17 
23110 R2D3Hl 1 10 • 2 3 - l - 1 - 46 960 2. 20 
23111 l.2D3B1S1Tl 11 - l 11 11 36 • 98 640 15 .01 
23112 3H1S1T2 4 5 5 12 - 9 • 52 1920 1.41 
23120 R2J>3HlS2 11 - 1 2 18 26 •110 2880 4 . 20 
23121 ll2D3H1S2Tl 15 • 2 1 - 4 7 • 98 1920 5.00 
23122 R2D3Hl 2T2 23 - 2 0 13 - 41 112 760 2. 18 
23200 2D3K2 7 • - 3 • 18 24 12 - 7 4320 0 .01 
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t 1 11 111 1V Divf. r 

1 0 • 2, 12 - 0.22 
1 2 - 3 23 • 27 •271 .so 

9 0 - 49 - 1 .4S 
10 7 1920 3.50 
17 s • 17 1 760 S.6 
10 3 25 • 15 • • 6 0.47 

5 • s 2 • 10 - - 5760 1.2 
24 • l .5 - 2 1.96 

- 11 1 - 20 20.61 
s - 2 - 5 9 .n 

2 4 25 o.,s 
7 • 3 40 10 1440 4.1 

1 10 • l • 1 - 2 - 6. 
2 1 • .. 0.07 

1 25.0 
15 2 14.17 

0 - l 26 156 1.11 
s 17 • 17 s 1440 6. 1 
0 2 27 17 - 17 . s 1 .. 1 132 • 15 .o 

7 - 1 - 4 0 11 • 52 2. 2 
l 9 - 7 - 54 4.S 

12 0 l • 1 O. l 
10 . 6 0 2. 5 

l 2 1 - 7 ,. 0 
2 .. 1 • 12 - 5.6 

• 4 - 0.1 
7 5 - 10 26 2.17 
1 12 1 - 0~40 - 2 - l - .. 0.03 ... 1 222 1920 25.67 

1 - 5760 0 .34 
0 0 l 7 57 0 .63 

' -
1 .. 1 • 33 
6 ... 1 20 8 
1 9 - 1 ... 9 -

10 10 7 •17 11600 
6 - 14 .. 1 

1 11 4 20 • 76 
17 3 l 2 • S4 • 24 
12 0 • 3 .. 1 • 66 57 

2 1 8 7 7 4 •332 
2 2 5 8 3 • 72 -744 
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Table .9 • -•ANALYSI OP VARIANCE USING ORTHOGONt\L POLYNOMIAL (4). --

Continued. 

lU>H T Treatm nt 3-N I II III IV V Divisor Sum of 
valu squares 

31100 3DlHl 6 - 6 10 - 21 .. 19 . 179 7200 4 .45 
31101 l3D1H1Tl 6 11 0 - 6 -281 4 00 16 . 45 
31102 R3DllllT2 15 6 - 13 . - 2 72 -341 14400 .08 
31110 3D1Hl 1 9 - l - 11 - l - 0 64 480<. 0.85 
31111 R3DlH1SlTl 9 2 - 11 23 8 )0 3l00 0 .03 
311-12 3DlHl 1T2 14 9 9 37 - !6 112 9600 1 . 31 
31120 Il3DlH1S2 10 - 8 12 1 - 13 244 14400 4. 13 
31121 DlH1S2Tl 11 .. 4 - 2 16 • 30 118 9600 1.45 
31122 R3DlH1 2T2 15 • 3 0 31 8 64 28800 0 . 14 
31200 3DlH2 6 4 15 2 • 39 21600 0 .07 
31201 3Dllt2Tl s 11 19 - 13 • 51 73 14400 0 . 37 
31202 3DlH2T2 10 3 5 - 9 22 -315 43200 2. 30 
31210 3D1R2S1 9 - l 26 - 4 4 162 14400 1.82 
31211 B.3DlH2 lTl 9 1i - 6 - 3 - 23 -274 9600. 7.82 
31212 R.3D1H2S1T2 14 6 1 7 3 168 28800 0 . 98 
31220 R3DlH2 2 10 s 15 7 .. 70 - 30 43200 0 .02 
31221 _3DlB2 2Tl 11 3 4 - 3 • 16 106 28800 0 . 39 
31222 B.3J>lH2 2T2 14 4 .. 2 • 16 - S - 432 86400 2.16 
32000 . 3D2 6 - l 22· - 26 2 - 35 2160 0 .57 
32001 3D2Tl . 6 - 3 24 - 3 • 85 190 1440 25 .07 
32002 3D2T2 20· • 9 3 - 13 34 70 4320 1 . 13 
32010 D2S1 9 - 7 29 7 43 - 77 1440 4 . 12 
32011 3D2S1Tl 15 3 s • 51 - 36 62 960 4 .00 
32012 R3D2S1T2 17 l 7 - 40 - 79 - 38 2880 0. 50 
32020 3D2S2 12 3 6 8 - 16 --413 4320 39 .48 
32021 &3D2S2Tl 30 4 9 - 9 5 -302 2880 31 .67 
32022 3D2S2T2 36 1 - l - l 27 -218 8640 5 . 50 
32100 1UD2Hl 6 - 6 - 2 8 - 62 - 33 1440 0 . 76 
32101 3D2H1Tl 11 3 11 13 26 - 131 960 17 . 88 
32102 3D2HlT2 8 16 3 6 17 177 2 80 10. 88 
32110 3D2H1S1 10 • 1 20 - 14 116 60 960 J . 75 
32111 3D2H1S1Tl ll 8· 5 - 14 9 - 42 640 2. 76 
32112 3D2H1S1T2 4 4 1 0 92 84 1920 3.68 
32120 3D2H1S2 9 7 - 1 29 - 5S 264 2880 24. 20 
32121 3D2H1S2Tl 12 6 - 9 - 14 30 190 1920 18. 80 
32122 3D2H1 2T2 19 ,4 12 - 26 - 5 24 5760 0 . 10 
32200 R3D2H2 8 2 - 5 29 • 93 -257 4320 15 .29 
32201 B.3J)2H2Tl 8 ... 6 s 34 - 54 .. 53 2880 0.98 
32202 R3D2H2T2 10 10 7 - 3 - 92 •233 8640 6. 28 
32210 R3D2H2S1 10 • 10 10 14 - 60 - 62 2880 1.33 
32211 3D2H2S1Tl 11 1 - s - 21 - 8 26 1920 0 . 35 
32212 3D2H2 1T2 14 4 - s - s • 40 -140 5760 3.40 
32220 R3D2B2S2 10 l - 2 11 - 45 130 8640 1. 96 
32221 3D2R2S2Tl 14 l 12 7 • 52 274 5760 13 .03 
32222 3D2H2S2T2 19 8 - 3 - 14 - 60 352 172~0 7. A. 7 
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Tabl 9..) . - - BU ING O TROOONAL POL OMIALS (4) ! --

Continued . 

BDHST Trea nt 03-N I II III IV V Divisor Sum of 
valu s square 

33000 a3D3 6 2 - 15 29 - 18 37S 10 00 13 .02 
33001 3D3Tl 9 1 - 7 - 25 61 172 7200 4 . 11 
33002 3D3T2 18 l • 16 - 9 •168 - 396 21600 7. 26 
33010 UD3S1 9 9 • 22 - 3 .. 16 5S 7200 0 .42 
33011 3D3 lTl 22 s 4 20 - 31 36 4800 0 . 27 
33012 R3D3 1T2 21 3 - 3 16 - 4S •188 14400 2.45 
33020 3D3S2 9 6 - 15 - 45 96 111 21600 0 .57 
33021 , 3D3S2Tl 29 5 - 19 39 - 34 - 44 14400 0 . 13 
33022 R3D3 2T2 50 2 3 5 - 23 -228 43200 1.20 
33100 . 3D3Hl 6 14 - 4 • 23 8 - 253 7200 8 .89 
33101 3D3H1Tl 12 - 4 • 12 26 101 - 47 4 00 0 .46 
3102 3D3HlT2 10 - 12 • 4 - 13 44 173 14400 2.08 

33110 l3D3lll l 10 - 8 4 - 21 - 19 -152 4800 4.81 
33111 D3Hl lTl 10 • 8 13 11 30 - 90 3200 2. 53 
33112 ll3D3Hl 1T2 17 4 - 1 29 147 124 9600 1.60 
33120 R3D3H1S2 10 2 24 - 8 - 24 .. 112 14400 o. 7 
33121 $.3D3H1S2Tl 13 2 - 8 15 33 - 314 9600 10 .27 
33122 B.3D3H1S2T2 25 l 7 • 29 103 •352 28800 4 . 30 
33200 B.3J>3R2 6 6 1 - 17 96 147 21600 1.00 
33201 3D3H2Tl 7 • 14 2 - 33 - 20 - 29 14400 0 .06 
33202 3D3ll2T2 11 1 - 2 26 167 •345 43200 2. 76 
33210 3D3R2 1 10 - 10 16 • 30 154 14400 1. 6S 
33211 3D3R2S1Tl 9 7 12 • 23 71 42 9600 0 .18 
33212 l3D3H2 1T2 16 9 l 47 - 54 • 44 2 800 0 .01 
33220 3D3H2S2 9 3 35 - s 123 - 90 43200 0 . 19 
33221 ll3D3li2S2Tl 15 8 - 13 - 15 40 682 28800 16 . 15 
33222 3D3H2 2T2 23 2 - 11 50 33 336 86400 1.31 

Sub• total 1209 1306 3208 1479 2340 4970 
1S67 1812 234 1748 2680 - 922 
2081 2767 2239 1890 32 8 481 

2460 3210 4498 

ub•total · um 48S7 588S 7795 7577 1151 13364 

Check total 5885 7795 7577 11518 13364 
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herbic ide 
-

he rbicd.,e rate 

soil type 
sampling date i 

' 

samplingda te; 
A 

sampling da1e j 

2 
3 

.d 

1 2 3 
0 1 2 3 0 1 2 3 0 1 2 3 

1 2 J 1 2 3 I 2 3 1 2 3 1 2 '1 L 2 3 1 2 3 1 2 3 1 2 3 1 23 12 ~ 1 2 3 '-' .. ia I, ' IO I ~ /0 14 l O ' 1 ' ' // 1 q /4 ' II 
/7 '- la l a f / 3 '' q /o ,, , 

" i 7 9 /'I 
1 I~ i, lo 7 " ' J I " lo 11 'IS , /J /T 1 12 /1 1 ll IT IS' I'+ IS , I:,. ,, l o II ,~ '0 II 1'- I O 1¥ ,~ 

/0 \~ If /o II J~ /'f l~ H /1 l'- I /'I / 'I 10 , If , ,. 17 , . ~i , 1¥ If • 1¥ / f II ,s /7 10 ,. / f 
M ~• In • 1 H " JI ., ~o ,. n ·~ II IC >s II • a, 10 n / 0 ,.~ ... / n IC ,_ ,. 11 H II I~ .H 

25 
q 13 /0 IO f 10 /o f /'f S IO I~ • I • I/ 7 q q I q q IO q q 1 l o II 7 ' IO ., ,o 

1

,.. , , , 
' /O • 'I l.t. ' /() /3 7 II Jf 1 • lo 'I lo f " 5'1{/Sq • lo /1 ,. 7 II h q /I ' • II 

,! '4 :~ :: :',, /~ !~ (? -:; j! 3,~ l \!~,~!!.\fl~ lo il /I II ta q 13 15 1 Ii IS 1 l o /3 T II ,~ 
/I 15 I• lo IJ , ,c ,, ' • 7 lo !<: 1 q IS 

.( 7 10 J I, , " /3 1¥ • 
• ' , 7 II /o , lo lo • 

' ' ' ' /J. '"' 
q 1¥ II • 

7 • ' • • II , 1, .., • 

1 CaCN2 
2 Chloro-IPC 
3 444E 

·--. 

35 
1 • f f ¥ ,, f /D q I q I• 4 1 lo 'I f q J 7 3 l 'f '{ ili 
I, i, I l /o f I, 9 II l /I /0 ' f I • l, f lo ' q f S /o /o I, q /0 
'I ,. f f /O '- I~ I• I f ,. ' lo f r /0 f 7 'I lo ' f '" Y lo / 0 q , c~~, • ••~,•• L ~o, •~, 

KEY 
l Gilcrest sand 
2 RockyFord loarn l2 
3 LasAnimas clay 3 

20 

An he'rbiciae rotes are 
expressed as pounds of 
herbcide per acre. 

5-way table 

5days 
lOdays 
2Qdays 
30days 
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temperature 

herbicide 

herl:::bcle rate 

soil type 

--

samping dale . 

13 
1 2 3 

0 1 2 3 0 1 2 3 0 1 2 3 
I 2 3 I 2 3 I 2 3 I 2 3 I 2 3 I 213 1 I I 2 3 I 2 3 I 2 3 I 2 3 I 12 31 I :213 
" ".u " . , ,, .. .... JI l f .. " " .. ,ri~, .. 1~ ., .,. ,. ,n ,1.r 11 lJ 1J• JS .ll I J I 

Jf ,, ~7 , , , ... 

C) -5 
u:MF I u .. ",. .... .. " "., .. ,. u .. ,. t--..., ., ,. ., ., " n " ,,. , u .1, n 1 1 H 37 • I r.1 

C" Q I I i- I 
" .. " ) I, .. .. .. " .. " u '" n r, n • l •.a l "' .,, , ,. ... ,. ., " .... ,. .. SI 1> .. I,. '-' ''I n l.,. iJol/ 

/ t.1 1.n f1 11• 111 foif M .lfl lol WI .t• ? 'f l IM - " 1f t, .-,., l~- l n ltN 1aa JSI 1• f,r 1,1 fa / It IU ,fl /¥, ,n '1 1.n / rt ,,,r, 
.ZS 1 J•f~ • - C~ 

••1,., .1.r- , • ., .,, • , , •• ,, r 
'l fO 'f- t i - ... , l , 'f l- J~. ,I - 1•• l '? - J ~fl , 11 - l • J I - l• e. f l, - 'J I.I . ft - 'ti • . tf - .1 1 , • J - , r1', -' f - Jr?, 'f'f- 111.7 1 - •~ • . '-'- "OSJ.t• S. l' J 

,Jd7. fJ 

3 
1 2 3 

0 1 2 3 0 1 2 3 0 1 2 
g ' " " ' ,. ,. ,, ,, " ,, 

" " .. " ., ., JS ,. ,. " " ... " ,, ;r i t ,, ,s ,, " JS ,. ll_ " .. ., ,., " , .. .. ,., f7 " . " 

' ,. .. ,., ., ,, ~! ,. H " " ,, .. .. ,. ., ,. u ,. JI ., , , " " ,, " , . 
" ., ,,, ,., '" ,,., ,,, ,,. ,., ,., ,,, 

,. ,. .. " ., .. " .. ., ,.. ,. .. ,. .. ,. lf .. .. .. 37 " " " ,. sr 7J " ,. . . ,, ., ; , ., ,,. , .. , , .. m /S t ,,, ,,, I '1 ,. '" ... ,, 
lfl OI + J- C F 

,0,,1 •• - .. ,, • ,,, , •. r 
t .1 , , r - 1.-J. I • ,,.. .t -lf, .. u - .1t.• , w- , ,, , _ _ , _ UL1 ,- •'"''Y - ,.,.,, •. , ,. ., u . ,n.,. • .Jr.N - , .. ,. • • - ' ' '·•• .. , ,,.,,t ,,.,.,, 

4-way tables 



tempe:-ature 13 25 35 
t1erbk:ne rate 0 1 2 3 0 1 2 3 0 1 2 3 
soil type 1 2 3 1 2 3 1 2 3 l 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 ,. ~· .u ,, " .$ ,,,, u lJ ' " a,J •• . , .lS 3' •• ... , .. ~1 .,J.1 JI' .u :1 ,l4' ~o JJ , . Jl. Jf ., JJ .Jf .. , .u J. I &r,. '71 

ro.rnplin) dJle n ., .. ,, ,, JO If ,, lo " ., ,. , . ., ,.,, .u ,, J• f l ... ,s " ., S• ~S " •• .11 ,o s, .u. s, s, $4' lfS 'lot ,,,. ,. . :: ~, ~, !! 1} " Jj ~: :: !' • •• " Jf J.f Jj :n . , u l1 f1 .. ~! ~· 31 •• ..... n Jt •J ;! JJ.1'+ . " . .. .. . , ,. ¥f H ,, .,f ,. ., .. ' ,, .,. 
n "' ff " 

, ... 
t i 10 , -, ,-, /o.J. 111 11 111 "'" Tt lo¥ 111 N tJ7 11,,,i / OJ. / 1:) ISS of J~t, "" ,., r~.., /fJ IO't l~J .ti" '°' ,.,,. .3JI /Jo n l Hf , ,, ,,2 .JOO -+ t&1 

herbicide 

herbicde raa 
1Soil1·1pe 

cbte j 

/fJJ "-+ " - CF 
6,4tl0l• "'1-S'U,.,._S:: f14"'-n ,..,..,1- .au, . .. ,- , .... 11-.J.UJ.JI- /OO). lo- ltt o.u-11,1,.,-.l.11., J- /Sl.U- S4, Jo- ,u·. O'-- / :to., 111 - .f•J, fl- tn- o•- /Af, 1'• = /17 . ~s 

/1 1.JS 

1 2 3 -

0 1 2 3 0 1 2 3 0 1 2 3 
1 2 3 1 2 3 1 23 1 2 3 1 23 1 2 3 l 2 3 1 2 3 l 2 3 : 231 23 1· 2 
j .. ,. 

' " 1r 
,. . .. •• n ,. .. .. ., .. ,, ,a. Jl J:I .. ,. ~o ,, .. ,. ,, ,. .. . . .... ,. .u ,u. ,s-., " ,. .u .. , .. I a 1 ., •• JS J• ,, .. ,. . , ,o .. ,.a .ao •• 9' ., •• '" ,,lf .. .. ... • , .1.0 "' ,., .t i I> 

'.! JS .. .nu . 21~! ., 1!! u t ;!, ,r ~I "1! ;41,! ,. ~: ~! : .... " .. .. .. .. .. ,. .... ., .. .. .. .. ,, .. .. ,_ .. .. .. s, ,, .. 
3 ,. "' lt" /I I• 

" '!!! .. 
'P In 1.n "T1 IN t U ,., tw ... n , .. 11, Tl IH , .. 'fl IN. IU I• l't' 16,• 1 .. { U. /SS 1• 131 l ,J fA. ll f "J "fl / JI, 1.S't 13 l .&1 IS? 14 fS1 

/ tt•-,"I + l - CF 

'-'"'"·o -r,.,.•-,.¥ .:- ,,,r.s-
,11r.~- '""·" - , ,.. n- u1s. J1- , ,.,,.,,.- •'•· tf- A1, . u - 6>.r.,a _,,.,, .&t- ,,.,. , .,_ i•r. •• - •os-. .. $- 1,0. cto - •~-70 - 111.0 , :. 1¥- .J , , r /IIJ.,, 

nempemture 13 25 35 
herbicide 1 2 3 1 2 3 1 2 3 
soil type 1 2 3 l 2 3 l 2 3 l 2 3 112 3 l 2 3 I 2 3 l 2 3 l 2 3 
~mp~date fJ 2J .. ,, .. .. If ,U y .... .... lt lf >• n .. Jo 4:S 7f JJ .. " .. ,s sr '" .. "' ., .. ., .. .al J} " ~s •• u ,. 

:u " .. .. ., ll St 
fl " n " " ., u ,, ... ;; :? ,~ I!! ., " ., ,, $1 1$ ilfl ,, ro .. " .., H SJ ,., !! ;~ ~.!! IH4 .U M , .. •• n ,., .. 

" N 
.. " .. .. " •.. 

N II• llS "1t ,., I.. fl 1• 11"1 /ft .JU IH H.I IV /IS 16>0 .M, 171 •-- ,_, - ,_ ..--

.1n.11J It - CF 

~•11,.u-- .... , ., .. ,,, • . ,, 
1S 70 .1r - S"l6 . ~ - .a:-.. 1, 111- .U, U , '\1- too , . I - ' "'•~• - lfl, fJ - J.lt ,U • J.1 r. 'U - ._,, '-, - lfr.•'- - " '\ 11- -'l, 1' 

4 -way table s.--continued 

I 



temperature 13 25 35 temperature 13 25 35 
herbicide rote 0 1 2 3 0 1 2 3 0 1 2 3 herbic ide rote 0 1 2 3 0 1 2 3 0 1 2 3 

r d j i 51, s .. 7'f 'Y II 1• ,. 71 1. 9, /lo /OJ 1 11 SQffiP 1ng Q e 2 13 11 7'f 7¥ 7f 17 '/; 17 If/ /of m IH II,¥ 1 0 fl# lo /0¥ qr Ill, /It /;/¥ 1 14 / If l'7 1a1• 
, ~s 1s ,,,., ,A ,, 1~ ,u 11 .. .am 1" 'J.!!i} 

soil type I Bl "' 71 ,. 81 / 0 ~ /of 'fl lo t /of ' .to /3J //,I 
2 / 01 ,,,. /If , .. 137 //3 ,., /3' / Sl I-+• 173 "· IS1~ 
3 / 01 1/ 7 / 31, //7 I Q ,ss '" ,,. .,i. ... , .., loo ~I J 7 

1 ~ .- Jfl J33 Jf3 :,7f no ••o .,. •'J lfld. .SJ/ S'f,usr 
53,l :,+ 'l - c. ~ 

J fs ,rt J H Jfl J1I J70 ¥00 ¥11 H5 Yf~ Sl/ o'IS •rr1 

7 Y3¥'n+ IJ - CF 
5a l .11,./1 - 5ij , c1. S = '1-!i l f ., I '1 4s1.1s- 5Yl.<f7. 5= 73ro., s 
J/s/g. ~ /-:11., f . lf/- 1•1..11 - 100J./o - 3,3. '3- 5 L .~o - l 'f o . 91, = ll f. ¥'1 

Uf. 'l'I 

13 s o . .1 s - o1 u 1. •1 - 191,. 71-3•'1 3.3l -71,J .0 3- 100. ,1, - 1s1 . .13 = Jae. I.'/ 

I .l o . h'I 

herbic ide 
I-:---:- - -
herbicide rate 

herbicide 1 2 3 
soil type 1 2 3 1 2 3 1 2 3 
h b. . d t j U v . .n i s, q I 13" m qo /31 ,,.. //,_. er lC l e ro e 'f"I ,. , 173 4 1 Ill, 1,1 ,. ,,, ,,, w~o 

//¥ 1, 3 ,11 /0/ II,¥ 11 /;1, /Sf V,4• 
/O!SI I SI •'7 10 < J,1 , ,.. f l J.17 L.L.r! l£.Ul 
l#o'f s,t n t 313 ¥4f , • • .!4• S of ••1 ¥fS7 

711. /• 5 1;,, - C P 

sq 1, 7 q. st -Sil 1,07. ro: so7;,. oi 

5 07 ~ - 0~ - Jft,. ~o-.JJr,.3/ - / <fl,. 77- .1 /T. ,s- 'f l Y, 3 '1- I S J. a 3 ,: 'i o !i. :u, 
405, .;is 

1 II 2 II 3 soil type 1 2 
Ol l l2I3 IIOl l l2I3IIOl l l2I3 herbicide rate 0 1 2 3 0 i 2 

sampling date.Jl:;I J 3 / 0/ / 
~ , 1,....,.lil..J.../.,,aLJ.L-"LI..L.L.1.1./'-""J..1.LZJ..L!.!CI.J....=J...U...:J..LI/,.. 

sampling datej SI 5.t 1,1, s, q1 71 ,o 
~, '7 W 11 '15 rs- /13 
Tl 7f ,, fJ 101 H /,S , , 1' ,, IS , .. l,A. ,_ 

3 
3 0 1 2 3 
77 ,w 'IS 111 /0, qn 
'I f /lo /JI ,, f ,s, ~, .. 
/0/ /J.t /JC /31 1~•-~ ~~·· .. l ~l I S1 "' 371/ :,13 Yf'/ 55S J7'f J 1 f l'lt 377 3,s 3ll 37' 377 ij rs1 

!fl~ :/t1 -l- 'I-C F 
J.71/ J. folo1, m 3 '1 351 ~If ffO ~7S .n>3 5 .o ,o, .. S1 

SH !i~ 1 + 'I - C! F 
5 4'1Jo .78 - 5 ~~•1S = a .3 13, J8 

.21n.a - .3q1, . ;io-i,1. .71- 1003 . 10- 1/11/ . J 'I- ,s. , ;-1:1, . J o : t,o . ,o 
/l o . 90 

5f4H, . H- S ~l,07 .s = 50 o t . l3 

soo f. fl- J Jl . J I - i,1,. 7 7 - 1001. 10 - / 57 .• 1.3 - /fS.°' - s,.30 =- 1/7. o, 

117. ob 

3-way tables 
~1, . .. , 
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