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INTRODUCTION 

The northern Big Horn Basin in Wyoming and the Clarks Fork of the 
Yellowstone River in southern Montana ere two arens p~irticulc-, rly adapted to 
the production of dried beans as a crop. Such a crop does not lend itself to 
replenishment of pl~mt nutrients in the soil. The beans are sold for human 
consumption or seed a.nd the straw does not provir'le any apprecie.ble amount of 
livestock food. This, together with other contributing factors, has resulted 
in a very decided lowering in crop yields in the arees over a period of years. 
There are exceptions, of course, where good farming prs.ctices heve maintained 
and increa:::ed yields of all crops. These exceptl.ons, however, are all too few. 

As a general statement it might be said that the northern Wyoming and 
Montana districts of The Great Western Sugar Compf:ny are much ~ore subject to 
early "yellowing" than is e.ny other area served by this Company. It is evi
den:t in many ways that such a. condition i.~~ a result of depl2tion of nitrogen 
reserves. 

The tests her .~in discussed had as objectives the investigation of the 
following questions: 

l. Are responses to potash fertilizers obtainable in these areas? 

2. What responses to ordine.ry amounts of phosphorous and nitrogen nre 
obtainable on fields with ci. history such e.s many bE:ve in these districtS? 

3. Can analysis of plant parts (petioles) for nitrogen and phosphorous 
be correlated with responses in the form of increased yields? 

EXPERIMENTAL PROCEDURES 

Six treatments were used as follows, rates a.re acre basis: 

1. 300 Lbs. (10-18-5) Complete fertilizer. 

2. Untreated (Check). 

3. 600 Lbs. (10-18-5) Complete fertilizer. 

4. 125 Lbs. Treble Superphosp'rw.te. 

5. 125 Lbs~ Treble SuperphosphP.te plus 150 Lbs. I\.mmonium Sulfate. 

(1 Agronomist, The Great Western Sugar Company, Billings, Montana. 
(2 Research P..anager, The Great Western Sugar Company, Denver, Col0-ra~o. 
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6. 150 Lbs. Ammonium Sulf&te. 

Design of Experiments: 

Randomized Complete Block. 

Number of replicc.tes each trer:1tment; -

Belfry, Montana - 4 
PBrk City, Montana - 4 
Powell, Wyoming - 2 

Size of Plot; -

Belfry 
Park City 
Poi-tell 

Time of Ap:::;lication; -

Belfry 
P1.:;rk City 
Powell 

- 8 rows x field length. 
- 8 rows x field length. 
- 24 rows x f'iold length. 

- Immediately after plimting. 
- At thinning time. 
- At thinning tim~. 

Method of Application; - By side dressing. 

Method of Harvc· f\t; -

Belfry imd Park City - 10 samples per plot, 
20 feet of row ta.ken for yi:.Jld determin~. tion, 

3 of the above 10 s<tmplE:s were anal:f7.od for 
sugar. 

Powell - Entire plot harvested and weighed 
over dump in conventional manner. No sugar 
determinations. 

Petiole Analysis Methods; -

Nitra.tes 
Phosphorous 

- Phenol - Di Sulfuric. 
- LaMotte - Truog. 

Values given in Table 1 represent B.verages of 4 replications for 
each dcte of sampling indicated. 

Results and Discussion: 

The results of petiole analysis, and harvest data at Be'lfry and 
Park City a.re given in Table 1. 

It was noted st th-:i first dRte of petiole e.na.lysis, July JO, tl:w.t some 
plants in the Belfr.f field were showing Eymptoms of phosphate deficiency. This 
location alone gave response to phosphorous without nitrogen. Also significant 
is the very low level of phosphorous in a.11 treatments Dt tha.t location. Study
ing the dota for both locations from the str..ndpoint of limiting factors, it 
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would b8 inferred that phosphorous was the greater need at Belfry and nitrogen 
at Park City. At no time in the latter test were nitratGs high enough in the 

petioles to give good distinction in tho col£r test. Phosphorous rem~dned 
fairly static throughout the season. Brown indicates ths.t th0 le•rol of phos
phate sufficiency is about 100 p.p.m. of p. in petioles, agreeing with Ulrich2 
of California. He disagrees with Ulrich, however, on a level of 450 p.p.m. 
N03 as sufficient for that element. Brown's datci is based on Color0do and 
Nebraska samples where it ·is likely nitrates will be fotmd at a higher h·.vel. 

Referring to Table 1 then it would seem thDt at Park City the higher 
level of phosphate resulted in a much more rapid utilization of available ni
trates to the extent that analysis failed to show any appreciable amount of 
nitrogon in that form at any timG during the period. At Belfry one might the
orize that phosphorous levels were so low thD.t the applied nitrogen W?.S utilized 
only slowly. Nitrate levels themselves were relatively low and therefore 
application of ony fertilizer of any type w&s apIJrently beneficial. At Perk 
City phosphorous . a lone failed to give ~~.ny response, and while the yield for 
tha.t treatment (4) is significantly below standard it is doubtful if the phos
ph':lte had any deleterious effect. Hero again, practicelly any type of fertili
zer beside phosphate grwe A.n increase in yield. It might be Brgued thnt at 
this location potaf;h hnd some beneficial effect since thci two treatments con
taining that element gave the highest yields. The differences a.re not signi
ficant at the 5% lovel. 

At neither location was any difference in E;ugar content mer-1 surable. 

Results of the Powell, Wyoming,-i~ test a.re given in Tahle 2. 

Table 2: Summary of Harvest Results, Pom;ll, Wyoming, 1946 

Treatment 
No. 

1. 

2. 

J. 

Soil Amendment 
(Per Acre Basis) 

JOO# (10-18-5) 

Untreated (ck.) 

&JO# (10-18-5) 

125# T .S.P .->1-

125# T.S.P. plus 150# 

Tons Beets 
Per Acre 

14.89 

13.81 

17.34 

12.85 

Amm. Sul.#(Approx. 10-18-0) 14.40 

6. 150# Am. Sul. lJ.66 

~l- T.S.P. - Treble Superphosphate 
# Am. Sul. - Ammonium Sulfate 

1 - Brown, R. J., The Great Western Sugar Company, Res.earch Lc:.boratory 
R.eport 46-002. "Petiole Tests of 1945". 

2 - Ulrich (PrivEtte Cornmunicotion). 

* Conducted b-.t R. K. Bischoff, Manager, Lovell, Wyoming F'actory, 
The Great \fostern Sugar Cor1pany and Associlltes. 
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Hs r e , rci: Bt PHr L Ci t7, tru 11 pho"~)hr.t -:· or.ly 11 tr:::::·.tdcnt w:1 s lowe r in 
yield thn.n chGck. C:::rte. inly on the bn s i s of tnii:.1 +~est 2uc:-1 ::: di.ffe~· ·?nce could 
not be signif'ici'lnt . ;-a trogen Plane O:[)p<er cmt Ly gc.ve no r espon s ; , bu t when used 
in combina tion i,.;i t1:1 pho up '.:r·r -'11s li ..:.J g i ve :.:·esron.:oe J.n u 1:.. cases a t t hi s location. 

From R s ta t:L stL~r,l v1. 1.:-;wpoin. t it would r:ot ::;cem propr~r to combine the 
da ta of t hese thrr:e l oc <.' t icns , how:.JVC''.' , cer t.:: .. in econop >..:: : .. s)ects of the use of 
such fartili zer3 rwsc1 t,~ ·:x~ studied. For this pu:i:,;rJ:o2 t~1c r-2sults arc a ve r aged 
on the basi s of the n.11J:1~::c: x-. or r(:r)lica tions i n c2..,c.t~ t0:-~t . ~)t~g<r c ont ent is 
ignored s ince i t WDA < ~:~r.:-:nst::rr' t ·-,d in 'fa.bl e 1 ti1".•t no 6'_f'f\o."cm c.. :.: s '.)f signifi
cance existed for :.hF•t c~1"< "!:"r:ctc::i··. '!\.1ble 3 p:rovid('S D study of f ertilizer costs 
vs. profi t cl-xtri" '~~, ty ~~! c> :.-·ui.scd. tormr~ ge r) f b8etr:: . 

""T_a_b-"l....;e_..3"----- ___ _:_f:;::r:L::_:j:7 of 3 Locn tions for Yic~ld ~mci Pro.fit 

Tr<3C1. tm12n t 
lJo . 

1. 

2. 

3. 

4. 

5. 

6. 

Soi l i :-:'cnc1-rncnt 
t n,T t .. Te Basis) 
-~-- -------
300# (10-18-5) 

UntrcEi ted Check 

600r;: (10-18-5) 

125# Tri;ble Supcrphosphci.te 

125/1 Trnble Supe:rphosphl;_tc 
Plus 150i; ATJ".monium Sulphutc 

150/f Anmonium Sulphate 

Net /:ere 
'I'ons Beets Ferti.lizcri:- Ga in By 

Pe r Acre Cost Tree tment 

11.35 $ 9.90 ~j; 11. 33 

9. 78 

12.29 19.80 

9.20 3. 25 -10.94 

11.42 7.15 15.02 

11.12 3.90 

it· Treble Superphosphate end Arrunonium Sulphate & $·52.00 per ton. 
Complete (10-18-5) @ $66.00. 

# Beets@ $13.52 per ton. 

Assuming pota sh htld no influence, then tho grea ter profit is obtained 
by use of the mixture of phosphate rmd ammonium sulphotc , due in a. measure to 
the lesser costs o f the.se materials. 

sm·1NARY 

The results do not show ;:rny need for potash, a t least on those fields 
in this circa where the levels of crop production <1.re low. No doubt i f the 
level of crop yie lds were doubled the relationship would. be quite different. 

Response to phosphe. t e alone W8.S obtDined <:' t only one locd,ion . Appar
ently tho i;r0 a ter noed is nitrogenous f ortilizers 01· e_ combina tion where in 
phosphe t e is in H lesser role than heretofore pre.cticed in the Gr eci. . Tho use 
of phosphate cc:nnot bG discontinu0d. but r .s. thcr might be modified for the in
clusi on of nitrogen in a fertilizer suppl ement. 
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Analysis of plant parts do tend to groc•ter enlightenment on plant noeds 
when used in conjunction with fertilizer t ests. Better methods of a.m~ lysis 
might make such tests yield more informa tion, perticulr rly the colorimetric 
test for nitrates. 
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Table 1: Sumrna!,X of Petiole Analysis viith Yield end Sugar Data - Billings 1 12fi:6 
* T.S.P. - Treble Superphosphate 

Ar.i. Sul. - Pmmonium Sulfate Belfry. Montana 

Petiole Anal;y:sis fi..'1.rvest Results 
Treat. Soil Amendment Parts Per Million P. Parts Per Million No~ Tons Beets Sugar Gross Suge.r Beets 
No. (Per Acre Basis) 30 July 22 Aug. 18 Seot. 30 July 22 Aug. 18 Sept. Per Acre ·% Per Acre (#) Per 100' 

1. 300# (10-18-5) 55 57 45 2030 440 490 8.50 16.4 2790 80 

2. Untreated (CK.) 34 29 37 1350 780 460 6.87 15.8 2168 83 

3. 600# (10-18-5) 68 47 62 2480 690 395 9.75 15.9 3103 76 

4. 125# T. S. P. 95 52 76 l?.90 380 435 8.39 16.7 2796 70 

5. *125# T.S.P. Plus 89 68 41 1380 585 595 9.83 16.8 3289 82 
150# i<-Am. Sul. 
Approx. (10-18-0) 

6. 150# Am. Su],. 50 64 67 2170 470 560 9.05 16.4 2992 74 

Si~nifice.nt Difference - 5% Point 2.15 N.S. 722 

Park City, Montana 

1. 300# (10-18-5) 260 240 2.30 305 150 220 12.44 17.3 4285 89 

2. Untreated (CK.) 240 200 190 215 202 245 10.68 17.J 3696 82 

3. 600# (10-18-5) 205 195 170 385 110 192 12.31 17.0 4191 83 

4. 125# T. S. P. 230 225 220 195 235 417 8.18 17.0 2779 70 

5. *125# T.S.P. Plus 225 240 150 185 190 285 11.53 16.9 3896 74 
150# *Am. Sul. 
Approx. (10-18-0) 

6. 150# Am. Sul. 175 200 200 260 152 255 11.92 17.4 4135 78 

Sibrnificent Difference - 5% Point 2.05 N.S. 712 


