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AI'TNUAL PROGRESS REPORT 

Erosion Control on Highway Backslopes 

Dvring 1959, research was continued by the  Agronomy Depmtmnt i n  co- 
operation with the Iowa Highway Gommfssion on vegetative es-cablisbnsnt and 
erosion control on highway backslopes (Project 1010). Tne work was ccn- 
tinued a t  previously established s i t e s  and also several new experiments 
were i n i t i a t e d  durFng the year. The work w i l l  be discussed fo r  each sepa- 
r a t e  experimenJc a~id- location iii t h i s  report, 

Topsoil Replacement Study 

CTn=it on. Iowa 

A project s ta r ted  i n  the f a l l  of 1958 on the &Nay Merno-rial Farm near 
Lucas was continued during 1959, The purpose of t h i s  stu6y >Jas t o  compare 
the value of replacing topsoi l  on freshly-cut backslopes fo r  vegetative 
establishment, along with the comparison of various types af mulches. 

In  the  f a l l  of 195'8 the area was half-covered with topsoil, seeded ( a l t a  
fescue, a ls ike and lad130 c l w e r ,  a E a l f a ,  brornegrass and rye), and covered 
with various mulches. Mulch treatments inchded: s t r a  (3 T,/A.) ,  manure 
(8 T,/A.), p las t i c  film, asphalt emulsion, and. a bare check plot,  A s  re- 
ported i n  the 1958 report, s o i l  temperatures (1"-htt ) were highest under the 
p la s t i c  f i lm and coolest under straw mulch, s o i l  moisture varied l i t t l e ,  
while plant m b e r s  -iu the f a l l  of 1958 were s ignif icant ly higher under plas- 
t i c  fi lm and lowest under straw, 

The p la s t i c  fi lm was l e f t  on, as were the other mulches, over winter, 
The temperatures under p las t ic  remained s l igh t ly  warmer a d  plant growth con- 
tinued longer i n  the l a t e  f a l l  under p l a s t i c  than on the other plots. 

In  the spring of 1959, the p l a s t i c  was removed a t  which tLme the plant 
growth was much far ther  advanced than on other plots  due t o  warmer tempera- 
tures  and e a r l i e r  growth i n  the spring. In  June, 1959, plant mattsr yields 
were taken on a11 p lo ts  by clipping a swath down the center of each plot  
with a power s ick le t j ipe  mower, Both f resh  and dry plant matter yields are 
shown i n  table  1. 

It was found tha t  manure gave s ignif icant ly higher fresh mattsr yields  
than a l l  other treatments during the spring of 1959, while asphalt, straw 
and p la s t i c  gave soineli~hc1,t sinr,i!-ar growth and check -plots gave poorest yields. 
It can be seen than p las t ic  gave much be t t e r  resu l t s  on areas with no %opsoil 
applied than where topso i l  was present, m-is may have some significance as t o  
the value of p las t ic  film on improving s o i l  moisture relationships, etc, on 
poor s o i l  areas, An analysis of variance shmed no general s ignif icant  in- 



Table 1. Fresh and. dry plant  matter yields  - Jme, 1959, 

Treatment Mulch T r t ,  Fresh Platter (lbs, ) Dmj Pa t t e r  (lbs,)  - 
No topsoi l  1~I.mure 

Plas t ic  
Asphalt 
Straw 
Check 

Topsoil ?vIan'me 
Asphalt 
Straw 
Ckecl: 
P las t ic  

crease in yield due t o  topsoi l  application. However, f o r  ind-hidual t rea t -  
ments, s l igh t  increases could be seen i n  some cases, which d g h t  inclicate 
some value of topsoi l  -in some cases. This i s  especially noted i n  the case 
of the  check plot  with no mulch, wilere Eie yield. on topsoiled p lo ts  is  much 
higher, However, i n  the case of mar~ure, a decrease was noted on the topsoiled 
area, This may indiruate that  the mcilches may cowensate somewhat fo r  the 
lack of topsoil, especially in the case of manure where plant nutr ients  
organic matter are  suppliec?, 

The same relationships were s h m  i n  the b j -mat te r  yield,  in general, 
wit11 manure again giving highest yields  and asphalt, p l a s t i c  aid straw s l igh t ly  
l e s s  with check plots  again bei2g poorest, 

Erosion control was very good with all treatments except the  check plots, 
on which some r i l l i n g  and washi:% was noticed, Erosion was not a serious 
problem on t h i s  s i t e ,  h0:- ever, due t o  the re la t ive ly  modsrate slope. 

In h-te July, e visua l  comparison of the percentage of plant cover on 
the different  treatments sho~~~ec! mmmre t o  have the best cover, with p l a s t i c  
second, straw and asphalt sbout eqw.1, and- check plots  having the poorest 
percent cover. A plant count was rmde of the legumes and. grasses on each 
treatment using a 1 square foot  quadrat. The average nwnber of legumes, 
grasses, and t o t a l  plants per square foot  on each of the various treatments 
i s  presented i n  table  2. These plant counts were made a f t e r  the rye cover 
crop had been mowed off, 

Both s t r a ~ r  and manure had s igni f icant ly  larger numbers of grasses than 
the  check or p las t ic  treatments, wi th  asphalt being intermediate. Hwever, 
in legumes, man-are had a s i ~ , n i f i c a n t l y  higher number than asphalt, straw or 
check treatments, with p l a s t i c  having the second highest nmber, In  t o t a l  
n- iber  of plants pela square foot, manure and p las t i c  were agein highest, 
with manure being s ign i f i cmt ly  higher than the straw, arjphalt or check, a d  
p la s t i c  being s ignif icant ly higher than tke check treatmen.t. Thus, although 



Table 2. Avg. no, grasses, l.egumes, and t o t a l  plants per square-foot, 
July, 1959. 

Treatznsnt lilulch T r t ,  Grasses Legumes Total plants 

110 topsoi l  P k m e  16.8 28.5 
Straw 24,5 40 8 
Asphalt 19.7 10,O 
Plas t ic  12 ,3 18.3 
Check 12.7 4.2 

Topsoiled 1vIanu.r e 
Straw 
Asphalt 
P las t ic  
Check 

marmre and p las t ic  mulches gave lover nunhers of grasses per squsre foot, 
they gave much larger  num'ber-s of legumes. P las t ic  was especially poor i n  
grass stands, especially on the non-topsoilcd area. It appears tha t  straw 
mulch had a depressing ef fec t  on the grmtl? of legumes, while grasses thrived 
under the straw, Plast ic ,  on the other hand, seemed t o  favor the estahEsh- 
ment of legumes over grasses, This phenome~on was commonly noticed by v isua l  
comparison throughout tne season, !Tile cause f o r  t h i s  ca,~.~lot be explained, 
although differences i n  s o i l  ternperature may be an irnportant facbor, T o p  
soi l ing a2parently had no e f fec t  on the nw~ber of plants  established, 

In  the f a l l  of 195'9, es t ina tes  were made of the percentage of t o t a l  plant 
cover on each treatment by means of density l i s t  quadrats, The percentage 
of the t o t a l  cover made up by legumes and by grasses was a l so  estimated, as 
shown i n  table 3. 

Table 3, Estimated percentage of t o t a l  p lan t  cover and percent of t o t a l  
due t o  grasses and legxmes, October, 1957, - 

Treatment Mulch T r t .  % Total Cover % of Total Cover due to: - 
Legumes G-~zsaes 

No topsoi l  Straw 19 
Check 1 2  
Maml1-e 59 
Plas t ic  48 
Asphalt 35 

Tops oiled S t r m  
Check 
Manure 
Plas t ic  



Ma.nure gme much higher t o t a l  plant c w e r  than any of the other t r ea t -  
ments, especially on the "no-topsoiln area, Asphalt and p la s t i c  gave f a i r l y  
good cover on both areas, with asphalt being almost a s  high a s  the mamre 
plots  on the topsoiled. Both strax and check gave poor plant cover on both 
areas, 3t may be noted., that  with the exception of the plast ic ,  d-1 other 
trea+,rnents gave be t te r  t o t a l  plant c w e r  on the topsoiled area than on the 
untcpsoiled. Legumes accounted f o r  the major portion of tne t o t a l  sovss on 
a l l  treatments. Howa~er, legumes accounted fo r  a much greater percentage 
of the t o t a l  cover on the p las t ic ,  asphalt and rnaiu-re p lo ts  than t113,y did 
on tine straw plots ,  This  gain indicates tha t  legumes were f ~ v o r e d  on the 
p las t ic  and asphalt plots,  while grasses seemed t o  thr ive  more on straw- 
mulched plotsp 

Plant matter yields were also taken by clipping the grmcth from each 
treatment a f t e r  cover estimates were determined. A t  the time of t h i s  r e p c ~ t ,  
these samples are being separated. i n to  legumes, grasses, and weeds t o  deter- 
mine the percentage of the t o t a l  p l m t  matter mad-e up by each. Since t h i s  
data is s t i l l  incomplete, only fresh weights of the t o t a l  plant-matter samples 
w i l l  be reported ( tab le  4), 

Table 4. Fresh plant;-matter ylelds  , Oct - ~ b e r ,  1959, 

Treatment - P111lch T r t .  Fresh w t .  (lbs./?lot) -- 
No topsoi l  

Topsoiled 

Flanure 
Asphalt 
P las t ic  
Check 
Strm? 

Manure 
A s  yhsl t  
Straw 
Plas t ic  
Check 

The manure treatment gave tke highest fresh-weight yield of plant  material 
of a l l  treatments, %ria aspnalt giving the second-highest yields.  However, 
plast ic ,  straw, and check p lo t  yields  were about equal and somewhat lover, 
Visual observation hdLsated a larger  number of weeds on the check p lo ts  tha t  
m y  have accoun5ed f o r  check plot  gie1d.s comparing more Pavorab3.y t o  straw and 
p las t ic  treatments. This fac tor  may be revealed by tke plant separations now 

It i s  interesting t o  note, howe-T~P, that a l l  trea-tments gave higher 
fresh ma-tter yields  on tne topsoiled thsg on the non-topsoiled area. 

I n  general, the topsoiling treatment had only s l igh t  e f fec t  in increasing 
vegetative establishment i n  this study. The use of various m~lehes seeme2 t o  



be suff ic ient  t o  make up fo r  lack of topsoil. I~Ianwe was especially effect ive 
in establishing a good stand of grasses and legumes, and i n  promoting fur ther  
growth-perhaps due t o  the added nutr ients  and organic matter, Asphalt and 
plas t ic  fi lm were of some value in increasing stand, although l a t e r  growth 
was not as  great as on the manure plots. P las t ic  fi lm was especially effect ive 
i n  increasing germhation and growth a f t e r  seeding, and promoted ea r l i e r  growth 
i n  the spring, although this actvantage was l o s t  l a t e r  i n  the season, S t r m  
mulch seemed t o  depress both stand and growth, especially during the e a r l i e r  
stages of growth. Ekcept f o r  manure, which continued t o  give high yields  and 
growth, the other mulches tended t o  become more or less equal i n  yield of plant  
matter l a t e r  In the season. 

Legumes seemed t o  be more favored under asphalt and p las t ic ,  while grasses 
were favored under straw. S o i l  temperatures were highest under p l a s t i c  and 
asphalt and lowest under straw - which may be a factor as t o  which species i s  
favored. 

Erosion control-, though not a serious problem on t h i s  site, was very good 
with a l l  the mulch treatments tr ied.  

llulch Experinent on Sandy Backslope 

Granger, Iowa 

In the spring of 1959, an experiment was established on a backslope on 
Highway l b l  about 5 miles north of Granger, I a ~ a .  The purpose of t h i s  study 
i s  t o  compare the effectiveness of various types of mulches on controlling 
erosion and establishing vegetation on very sandy backslope material. The 
s i t e  of the experiment i s  on an appr~xirnakely 2*: 1 slope made i n  the  f a l l  of 
1957 and i s  located between Highway s ta t ion  marks 244 and 247 on the eas t  
side of the highway, The s o i l  material concerned is predominantly loose f i n e  
sand. The experimental area measures about 200 by 50 f e e t  (10,000 f t O 2  o r  
about 0.23 acre). 

The experimental design i s  randomized block v i t h  3 replications of 6 
treatments each, along with 3 s ~ ~ p ~ ~ l e m e n t a r y  p lo ts  not included i n  the design. 
Mulch and s o i l  treatments being studied w e  as  follows: 

1, Check (no mulch) 
2. Straw mulch ( 2  T./A.) 
3. Straw + netting 
4. Asphalt (0,2 gal./yde2) 
S e  &quad ( 0 ~ 2 %  on dry s o i l  w t .  basis)  
6, Starch (100 lbs . /~.)  

(~c ld i t lona l  s~~pplementary p lo t s  compared a close-weave ttErosionetft 
nett ing with a checlr p lo t ) .  

The experimental area was f i r s t  l i gh t ly  t i l l e d  by means of a t r a s t o r  
and t i l l e r  implement in May, 1959, and f e r t i l i z e r  was applied broadcast m e r  



t he  e n t i r e  area  a t  t he  r a t e  of 100 l b s , / ~ .  each of N, P and K, The follow- 
ing seeding mixture was then sown broadcast: 

Alfa l fa  - 11 l b s  ./A, 
Red c l w e r  - 10 l b s , / ~ ,  
I3romegra.s~ - 2.5 lbs./A. 
Perennial r j egrass  5 l b s  ,/A. 
Alta fescue - 7 l b s , / ~ ,  
Oats - $ bu . /~ ,  

The above mulches and soil- treatments were then applied; the  asphalt  
and arquad solut ions  by power sprayer, t h e  s ta rch  by hand in dry form, and 
the  net t ings  were st,aked by hand w i t h  wire staples.  

Plant Counts 

On Ju ly  10, 1959, t he  number of grasses, leguxes, and t o t a l  p lan t s  per 
square foo t  were determined on each treatmeiit by means of count- l i s t  quadrats. 
Three counts lorere made on each p l o t  - one a t  the  bottom, middle and top, 
The th ree  quadrats liere average6 t o  give t he  average number of p lants  per 
square foo t  on each treatment as  presented i n  t ab l e  5'. 

Table 5. Axg. no, grasses,  legumes and t o t a l  p lan t s  per  square foot. - - 
Ju l . . ,  195'9. 

 AT^, no. plants,'sq, f t, 
Treatment Grasses Legw~s Total  

Check 26,8 
Straw 33,2 
Straw + net t ing 2 h e l  
~ s p h a l t  36,1 
Arquad L4b02 
Starch 39 1 

Although a7 analysis  of variance sho~~red no s igi i i f icant  differences aqong 
treatments, a d e f i n i t e  t rend towards higher numbers of grasses,  legumes and 
t o t a l  p lan t s  seems inclicated on t h e  asphalt  treatment with am,uad aiid s tarch 
giving next highest  counts. Straw-mlched p lo t s  were lower in plant  numbers 
than the  other treatments (except check) and showed indica.tion throughout 
the  season of a depressing e f f ec t  on plant  germination and growth, 

Plant counts were nct  made a t  t h i s  time on t h e  supplementary p lo t s  com- 
paring close-weaved ne t t ing  and non--mulched p lo t s  because l i t t l e  differelice 
between the  two treatments were noticed by v i sua l  observation, Also, it 
was f e l t  t h a t  damage t o  t h e  s ~ d i n g  would r e s u l t  i f  the  ne t t ing  was removed 
i n  order t o  take the count a t  t h a t  time, 



Eroslon Control 

Observations made on erosion control on the various treatments were 
a l so  mnde a t  t h i s  time. The asphalt p lo ts  suffered very l i t t l e  r i l l i n g  
except where the asphalt f i lm was broken i n  various places, Practically no 
e r o s i ~ n  was noticed on the straw, or straw + netting plots ,  The netting 
seemt.,d t o  be effective in holLing the straw &*place against blo~r~ing; and 
slippage and gave s l i g l ~ t l y  be t te r  mulch coverage t o  the plot,  X~Iode~ate 
r i l l i n g  was noticed on the starch, wlquad, aid check p lo ts  - the check 
plots  being more severe, R i l l s  numbering 3 - per plot and averaging 
from 1 t o  10 inches i n  depth were noted running three-fowths the  length 
of these plots. Erosion i n  general was most severe on the southern pa r t  
of the experimental area .?heye the so t1  material contained higher amounts 
of s i l t  and clay, vhere the material was mainly sar~d, r i l l i n g  was very 
slight.  

Plant Cover 

Plant cover observations were mase on each treatment by visual  compaxi- 
son. Asphalt p lo ts  ha2 good but uneven cover. In  some spats it seexed as i f  
the asphalt crust   reverted seed]-ing energence. Zm~ever, both straw and 
asphalt had the best  p l m t  cover, starch, straw plu-s nett ing and arquad were 
about equal and intermediate, sad check plots  had the poorest cover, 

F a l l  Plant Matter YLelds + Cave:: 

Denstty - l i s t  quad-rats were again. made i n  tile f a l l  of 1959 to es t iha te  
percentage pla,nt cover on the  d i f fe rent  treatments. The percentage of &he 
t o t a l  cover due t o  grass, Lezmlas, and weeds was a l so  estimated. Following 
th is ,  plant ma.tter was clipped and weighed in the f i e l d  t o  determine f resh  
plant matter yields. These samples are presently being separated in to  spe- 
c ies  so tha t  the percentage of plalit matter y ie ld  due t o  each may be deter- 
mined. Dry matter yields wil!_ then be determined fo r  each treatment, Data 
presently available on fresh weights and p l a t  cover are  presented i n  tab le  6 ,  

Table 6. Plant matter yield and estimated percentage plant cover. October, 

--- - .. 
Treatment Fresh $latter ( ~ b s  Total G ~ ~ E G  b q a e s  We e?G 

Arquad 2,lO 
Starch 2 -01 
Check l,77 
Straw + netting I n k 3  
Asphalt 1.u 
Straw 1.31 

Xrosion netting 0,72 
Check 1.59 



Fresh weights of plant matter were higher on the arquad and starch plots, 
with check p lo ts  being th i rd  highest i n  yield. Straw plus netting, asphalt 
and straw lxulch were lowest and about equal ir: yie ld  of f resh matter, T o t 0  
percent plant cover was approximately equal on a l l  plots,  hovever, with ar- 
quad and straw plus nett ing having greatesbpercent cover and starch being 
lowest, The three treatments having the lowest f resh  matter yield had the 
highest percentage of c x e r  due t o  weeds. However, due to  some m~al weeds 
being mz-t-we and d r j  a t  the time of sampling, they didnvt provide much covo,r, 
bct added greatly t o  the weight of the clippiiigs. Tnls may cause som t r s a t -  
ments t o  appear be t te r  than they actual ly  are, i n  plant na t t e r  yield, but 
the species separztion data w i l l  give a more accurate coniparison, 

O f  the two sup2lementary treatments, the  erosion-nettling gave l e s s  fresh- 
matter yield, but gave somewhat be t t e r  plant cover. Erosion was not serious 
on e i ther  treatment, 

Conclusions 

Early i n  tne season, plant  germination and growth was very f a s t  and 
heaviest under the asphalt-treated plots,  and. slowest under the straw-mulched 
plots,  In  the middle of the seasoi?, asplialt, arquad and starch h& the high- 
e s t  number of plants per square-foot - while the strav-mulched. plots  hacl the 
smaller number of both grasses and legumes per square-foot. However, the 
straw and straw-plus-netting along with the asphalt gave very good erosion 
c o ~ t r o l ,  while the starch, arquscl and check plots  suffered moderate t o  severe 
r i l l i n g  , 

A t  the end of the grm~sing season, both mquad and starch had the largest  
yield of fresh-matter while asphalt dropped ttsi_th the straw-;~mlched p lo ts  t o  
the lowest yields. Straw-mulch again seemed to  depress plant germination 
and growth, although giving good erosion control. Asphalt gave good germi- 
nation and early growth, probably due t o  higher s o i l  temperatures. However, 
the stand under as,)halt iras patchy h e  t o  the ashpelt c m s t  preventing emer- 
gence i n  some places. 

The erosion-netting shows some promise f o r  erosion control but the plant 
stand was not improved great ly  on t h i s  sandy area. Further conclv.sions can 
be made on a l l  treatments a f t e r  the data  on species separations and dry-matter 
yields a r e  completed, 

Phosuhate Rate Studv on Calcareous Loess 

Moville, Iowa 

A study t o  determine the  optimum r a t e  of P20S f e r t i l i z e r  f o r  stand es- 
tablishment on calcarecus loess was i n i t i a t e d  near Moville on Highway 20 i n  
e w l y  Juile, 1959. The experimental area w a s  located! on the soxth backs l~pe  
between high~day s ta t ion  numbers 116-119, md incluaed an area of 300 by 40 
f e e t  on a 2 2 1  slope, The s o i l  matzrial  was Ida s i l t  l o a ~  The area wcs 
previously prepared- and seeded by the Iowa Highway Commission i n  the spriqg 



of 1959 with the f o l l m r i n ~  seeding mixture: 

Bromegrass - ' .7 l b s , / ~ .  
Western wheatgrass - 5 
Alfalfa - 5 11 

Red c l w e r  - 3 11 

Perennial ryegrass - 5 " 
Fer t i l i ze r  a t  the r a t e  of 200 ~bs./A, of 23.-34-0 was also applied a t  

the time of seeding, 

Follow5.ng seeding and p r io r  t o  seedling emergence, the fol lo~ring additional 
f e r t i l i z e r  treatments were top-dressed on the seeded ama: 

The experiment was arranged i n  a ranclornized block design of 3 replica- 
tions, Thus, there were 12 plots,  each 10 f e e t  wide and oriented u p - a n d 4 m  
slope, 

Plant Ma,tter Yields 

Througho~~t the season, visual  observation showed no large differences 
i n  density of growth, r a t e  of grawtli, o r  e n m t  of plant cover density among 
the t rea t ine~ts .  In the f a l l  of 1959, clippirigs were made on each plot  t o  
determine the amount of plant-matte-r produced on each treatment, The cl ip-  
p i ~ g s  were made from $ -xLlacre quedrats (l/L000 A,) t o  f a c i l i t e t e  conver- 
sion of data t o  the tons-per-acre basis, as  presented i n  table  7. 

Table 7. Fresh-ma.tter yie1d.s i n  ~ o n s / ~ c r e ,  October, 1959. 

Treatment Fresh matter yields  (T./A.) 

The y ie ld  of fresh-mattsr was noticed t o  increase with r a t e  of P205 
applied up t o  the  r a t e  of 240 lbs,/k. A t  the highest f e r t i l i z e r  ra te ,  320 
lbs./.4. of P2C~, the yield dropped slightlly t o  the  l eve l  obtained with 160 
I~s./A. of ~ 2 0 5 ,  

Ele plant material samples a re  being separated ifito legwnes, grasses 
and weeds f o r  determination of the amounts of each species produced on each 



treatrnent, Also ctry matter yields  w i l l  be measured from these samples to 
enable more complete conc7_usions t o  be obtained from t h i s  study. 

Fe r t i l i ze r  Bate Trials  on Kansan T i l l  

Seymour, Iowa 

A ferti-1ize;l-rate t r i a l  was i n i t i a t e d  i n  the f a l l  of 1959 on a backslope 
on 9ighwa.y 55, 5 ~ Z l e s  north of Seymouwl, Iowa. The pLrpose of t h i s  study 
i s  t o  determine the optimum f e r t i l i z e r  r a t e  znd conbimtion of I\T and P f o r  
establishmeat of vegetation on exposed Iiansa till mater id.  

The experimentit area i s  216 517 20 f e e t  i n  s ize  (120 f t . 2  or  0.003 A,) 
located on a west-i"z.cing 3: l  slope on exposed Kansan g lac ia l  t.ill subsoil  
material under a Sejmour surface so i l ,  1% is located 917 f e e t  south of the 
Hwy. 55 and 2 intersection. This particu1a.r s i t e  was selected because of 
the m@nnc6s of the slope and ciue t o  the l a z e  amount of Kansan till material 
exposed along with various other stra5a. The bac:islope face i s  transected 
by several v i s ib l e  horizons of various s o i l  materials. A topsoi l  layer of 
0-2 f e e t  of loess (~ejrmour s i i t  loam) covers the top of the slope. Jmt 
under the loessLal c ~ p  i s  located a 4-6 foot wide layer of a d i s t inc t  red.- 
d i s h f s ~ ~ e % a  zone, The bulk of tlie exposed area was oxidized ad leached 
Rmsan g lac ia l  till, however, towards the bottorr, o l  t l e  slope, calcium car- 
bonate concretions and depositions are notice8,ble, indicating the beginning 
of an oxidized aid unleached s t r a t a ,  Prior t o  applying the trea,tments, s o i l  
samples were taken of each s t r a t a  fo r  s-rlalysis of nutr ient  content. 

The area was then prepared f o r  seeding by l igh t  t i l l a g e  al~d hamming, 
me experiment consisted of a randomized-block design of 9 treatments aid 
4 replicati-ons, giving a t o t a l  of 36 plots ,  The following f e r t i l i z e r  t rea t -  
ments were applied by hand: 

The f e r t i l i z e r  was l igh t ly  raked i n  by hand and the following seeding 
mixture applied broadcast: 

3omegrass - 10 lbs,/i;, 
kchard  grass - 6 "  
Timothy -. - 4 " 
kspedeza - 5 " 
Alfalfa 5 " 



The area was again lightly harrowed and a mulch of 1$ tons/acre of 
straw applied by l~and, 

Observatior,~ w i l l  be made of ear ly spring growth and it w i l l  be followed 
though tlie growing season t o  notice plant co-~er density, plant and species 
nwnbsrs, etc. Plant matter yields and cover density rneasurenlents w i l l  be 
made, along wilh erosioli control observa,tions, t o  deteTmine the optinrm r a t e  
of f e r t i l i z e r  application f o r  vegetative establishment on t h i s  material* 



Report on Agrononic Studies 

1954 - 1956 

Paul Peperzak a d  W. D. Shrader* 

This report is an attetxpt to cover 27-1 research dons by 

the authors 02 the psoblem of highway ba.ckslope vegetative 

stabilization Curing the 2eriod Jzmary 1, 1954 to April 1, 

1956, This research was done under Project KO, 1010, sponsored 

jointly by the Agricultural Iowa State 

College and the Iowa Stcte Highwzy Com~ission. 

Soine of the data snd ~ e s u 1 t . s  have been previously reported 

in: 

a, Highway backslope vegetz-tive stabilization, 1954 

Progress Report in Agro~oinic Etudi3s. Paul Peperzak and 

W. D. Shrader, 

b, Correlation of selected soil indices with plmt 

growth on highway backslop~s, Th. D. Thesis, Iowa State College, 

1956, Paul Peperzak. 

In the course of the.present rcport frequent references will be 

made to the above papers. 

Research done in the two yecnr ~eriod, 1954-1956, included 

the following: 

* Formerly Graduate Assistant and Resee-rch Assocl~te; and 
Associate Professor of Soils, Iowa State College, Ames, Iowa, 
resp, 
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1. Three field expt2riments were initiated and a,re still . 

befng continues. One of these cxperirnents has furnished 

pertizent data already. 

2. Four greanhouse experi~ents were initlatad end harvested. 

3. A survey of problen; soils exposed on highway backslopcs 

was made. 

4. Plant and soil s~mplzs were collected on 55 sites within 

these problem materi~Ls, 

5. A total of 254 soil sercplcs t h ~ s  taksn were znalyzed on 

both physics!. a ~ i d  e!?smicel c:'~z~*P.c terlstics. 

6, O n  t h e  basis of these ~nalyscs, problem soils were 

dessrtbed ~ n d  ck~r~ct~~iz2d. 

7. A statistic~~l an~.lysis N Z S  ~ a d e  tto dstermine possible 

relaticnshi~s bstwscn t k  ~sl3cted s3il indices zxd 

slant growth on highw2y S~ckslops. 

A fairly well 2c.fin~3 rcsccrc:*i p l ~ n  w a s  h~rewitlrl complstcd 

and it is cow felt tI??-t 2 sumwry of e l 2  Ckte 2nd rosults 

obtnined in this study will pi.svc 50th desir?.ble an6 infornative. 

The Joint sponsors:iip OF t he  Agricultur?.l Experiment Station, 

I. S. C., end of thc Iaw? St~te Highway Conmission, which ~ z d e  

funds availeble to 2rovidc fc:- F grpduatc  ~ssistantship for the 

senior author is g~atefully ~chmowlcdg~fi. We wish to thenk 

Dr. W, H. Pierre, Bcad, Department of Agronomy, for his interest 

and helpful 3irections. Wc also w'nt to cxpress our sincere 

appreciaticn to Mr. G, A. Robinson ~ n d  Mr. Bobert S ~ ~ ~ e 1 1 ,  both 

of the Iowa S t 2 t e  Highw2y Commission, for their cooperation 
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r ece ived  du r ing  t h e  course  of t h e  r e see rch  program. 

Statement  of Problzm ~ n d  Objec t ives  of %search Prog~arn -- 
The problem i n  highway b,eckslopc r e v c g e t e t i c n  i s  one of 

excess ive  c o s t s  riiairity. Costs  involved in  uiaintaining ba.ck- 

s l o p e s ,  (seeded o r  n o t  seeded), which a r e  e a s i l y  eroded; 2nd 

c o s t s  involved in h igh  seeding r e t e s  a ~ d  in  weed con t ro l .  

A l l  of t h e s e  c o s t s  n ~ i g h t  be reduce3 i f  a vege ta t ive  cover  

could be es ta .b l i shed  r ~ . p i Z l y  s o  t k e t  crcsion f s  prevented;  

r e seed ing  i s  w e c e s s ~ ~ r y  and weed grcwth i s  l i q i t e d ,  

Thus, t h e  o b j e c t i v a  hs thc -zi:2 - - _  ~ s t c . b l f s h n e n t  of a 

v e g e t c t i v e  ccvc r  on b ~ c k s l ~ g c s  c u t  i n  &%??~sen t  ma te r i a l s .  

s tudy  of cptimua seeding r2;tc.s an3 mcst s u i t a b l e  a i x t u r e s  

f o r  esch of t h e  major s u b s c i l  s r t s r i a l s  i s  a b o t e . n i c ~ 1  one end 

has  been h ~ a d l e d  by " t h e  R c t ~ x y  De?i . r t~en. t ,  I, S. C , ,  under t h e  

same p r o j e c t  . 
It i s  our  problon t o  i n v ~ s t i g z ~ t e  wY~c?i i s  a f avoreb le  

environment fsr plc.nt gr?wth <cn t h e s e  r n t c r i z l s ,  It i s ,  

t h e r e f o r e ,  necs s sa ry  

'1, t o  kncw t h e  mntcriels (see I n t r o ? u c t i ~ n  3 ,  4, 5 and 6) 

2 ,  t o  study t h c  c o r r e l e t i o n  sf e x i s t i n g  plsl~lt growth wi th  

t h e  s o i l  me.teri,-1s GE wl?icIn it w 2 s  found ( I n t r o d u c t i c n  

4 ,  5 and 7)  

3. t o  t r y  t o  improve p l e n t  grcwth on t h e s e  s o i l  m a t e r i e l s  by 

a d d i t i v e s - - f e r t i l i z e r s  ~ . ~ d / i > r  s t i l  cnndi t ioners - -  

( I n t r o d u c t i ~ n  1 and 2 )  

It w i l l  be seen t h r t  the prcblex h ~ . s  indeed been approached 

f r o a  t h e s e  t h r e e  angles .  



P r ~ b l c m  Arees, Occurrevlce end Extent 

It was n ~ t i c e d ,  during 2 prolin'nery survey of highway 

backslopes, t h ~ t  those  which were c u t  a d  seeded p r i o r  t o  1948 

u s u ~ . l l y  h ~ d  a donse v e g o t ~ . t i v e  cover,  A 2 t o  4-inch l r y e r  of 

t c p s o i l  has been formed on thzse  olZ.cr c u t s ,  so t h a t  d i f f e rences  

i n  p l c n t  growth between 3if f e m n t  s , ~ i l  m c . t e r i ~ l s  me usua l ly  

o b l i t e r a t e d .  

For t h e  present  stu4y we s x ~ c i n c ~  e s l 2 e c i ~ l l y  those  s lopes  

which were c u t  2nd seeded r ~ t : i . s ~  ye~cnt7-y,  say In t h e  l ~ s t  f i v e  

yenrs,  m d  whic:i showed 2 wi3e varirtic:n 3-n subso i l  met?ri,-1s. 

A sumr.ry ,:if t3is survey r " ~ 9 c ~ 1 - s  in Toble I. 

Fr?? t h e  l i s t i n g  i% i s  :bviov.s t h - t  y r ~ 3 l c ~  rre?s espi?cially 

occur i n  western and scuthern I t : w ~ ,  The ~ l n ; . o s t  l e v e l  topography 

of nor thern  I?wa--with the  zxcept isn of tke  s t zep  s lopes and cuts 

i n  cc?lcarecus rnck x , te r i , r . l  i n  t h e  r , ~ r t ' : ? a ~ t c m  p ~ r t  of t h e  

State--excluiies by i t s  v e r y  n?.tum t h e  c,::r,struction of  backslopes 

of m y  s ign i f i can t  s i z e  i n  the czurse  o f  h ighw~~y bui lding.  

Twc d i s t i n c t  p a t t e r n s  cf beckslopes czn be fcund wi th in  

t h e  problerr; ere7 s. Ecch ~Jccurs  i n  i+,s rjm s p c i f i c  geographic 

regi-?n. The bcundpry between t h e  tws? rzgioxs f a l l s  rcughly 

along U. S. Highway 71, This bcun2kry i s  cpproxinately t h e  sane 

a s  t h e  cne which l i m i t s  t h e  t c p n s i t  cf 3ecp l o e s s  (over  200 inches)  

in  western Iowa. 

Highwa.y bnckslopes west nf t h i s  bounfi~ry expose high c u t s  

deep, till. 
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If insufficient vegetation has beex established on these slopes, 

severe erosion may occur, espscially in the deep loess material, 

Till exposures in this area seem to suffer severe erosion only 

when they are of pronounced sanc?y texture or when large sand 

pockets occur, 

Backslopes in this category capried, in general, a fair to 

poor vegetation on the diffcrext weathering zories of loess and 

till. Good vcg~tation was mostly 05scrved on the oxidized and 

calcareous zones in eithcr loess o~ till. Of the two plant 

species, brornsgrass ~.nd a l fs l fa ,  b.;.i.::zgress seolned to provail 

on lccched lozss, Bcth spccies occuFr::d :n al.most eve2 

proportion cn all other soil ~ e f  er?-2-? s, 

In the second region of ti1-c suyvey, co.pproxirrate3-y east of 

Highw~y 71, backslop~s often ~ i v e  lwgs 5::posures of till in 

may stages of weathsring, covsrcd by lozss material to various 

depths, Erosion occurs cspc,ci-lly In ti~c rore sandy ~atmials 

and it may become sericus on ordin~ry till if no sntisfactory 

vegetation has been estoblis'ned within F fsw yecrs cfter grading. 

Vcgetztion usually z~.kcs a fcirly s~.tisfactory growth in : 

this Erea exce2t on thcse spacific problen zones which may 

constitute 2. large percent~gc of e bcckslope surface, Plant 

growth may be vlrtu~.l;y nil in such crses. 

Slightly wepthcred till ~x~.tcrl~; supports, in generpl , a 
fair to good veget8tfon, but it cpperrs t h ~ t  growing conditions 

must be made almost ideel by e strict following of strndardized 

seeding procedures in order to insure e r~pid establishnent of 
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p l a n t  growth on t h e s e  s o i l s ,  The r c s u l t s  of f i e l d  ~ x d  gmenhouse 

experiments h8ve ind ica tad  t h ~ t  s p p l i c c t i o n  of f ~ r t i l i z e r ,  

e s p e c i a l l y  of a combin~.tion of n i t r o g e n  2nd phosphorus w i l l  

g r e ~ t l y  speed up t h i s  process. 

The b e s t  growth i s ,  i n  g v ' n c r ~ l ,  ~ b s o ~ v e d  on t n e  l o e s s  

m ~ t e r i a l  overlaying t h e  till, Thew Is ic f i ice t ion  t h a t  

vegeta t ion  on l o e s s  i n  t h i s  reg ion  i s  mors luxur ious  thsn t h p t  i n  

t h e  western p p r t  cf t h e  s t ~ ~ t e .  A h ighcr  Cegrec of we?-thering, 

g iv ing  t h e  mz te r i a l s  p ropcr t i e s  which riiEy aakc them more l i k e  

na tu re  s o i l s  , ~ 2 . y  account f c r  t h i s  ~ ~ l l c , ~ ; ? ~ ~ r , c i i ,  

A l fa l f a  2nd branemass  cccurrsLi tk- 3qur.l c x t e n t  rjn tho  loess 

weathere3 till n ~ t e r i ~ l .  B r c x e q r ~ s s  rpp2ared t o  be t h e  domlnant 

spec ies  on leached loess .  Tn t 3z  c-sc t h 2 t  Pny vegetr t ior ,  a t  a l l  

prssent  on f e r r e t t o  zqnes ?ad B hcr izrns  sf s u r f i c i a l  s o i l s ,  

brcmegrzss plz.n3s ~ g c i n  out~uzbcrcC alfFhfa. 

A general ized p r ~ f i l c  srqucr+ce i n  t h i s  crza icc ludes  t h e  

following zones aad horizons: (1) s u r f i c i c l  s c i l ,  ( 2 )  B-horizon 

of s u r f i c i a l  s o i l ,  ( 3 )  oxi2izsJ  rn; ie~.clie5 l o e s s ,  (4 )  oxidize3 

and calcareous l o e s s ,  ( 5 )  f c s s i l  A2 h c r i z m ,  ( 6 )  f e r r e t t o  zone 

( f o s s i l  B hor i zon) ,  ( 7 )  oxit"cize9 ,ox3 Ic~chccl till, (8)  oxidized 

and calcareous till, ( 9 )  m-gxid iz~d  rn? c ~ l c a r ~ o u s  till. 

An ~.lmc?st s i ~ i f a r  p r o f i l e  inciude g u ~ b o t i l  i n s t ead  of' 

e f e r r e t t o  zone. 

One o r  two f e e t  below t h e  t a p  3f ?, backslope m e  nay f i n d  

f a i r l y  poor growth on t h e  exp2sed B2 horizon of the s u r f l c i a l  

s o i l .  Not nors  t h m  a s c ~ n t y  vegetn t i sn  i s  usucl ly  supported by 

t h e  t h r e s  problem m e t e r i a l s  which ccn be fcunJ below the  present  
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Bg horizon. These mate r i a l s  a r e  E d i s t i n c t  very l i g h t  grny o r  

white (when d ry )  f o s s i l  A2 horizon, E. c 3 n t r e s t i n g  red3ish-brown 

f e r r e t t o  zcne and a grEy g u ~ b o t i l  zone with p l m t i c  s t i c k y  c l a y  

when wet o r  hard 8x13 cracking when Cry. 

Un-oxiclized till mey 'occur i n  t h e  lower p a r t  of sl bscksloge. 

Vegstction on t h i s  mcter ln l  i s  i n  m q s t  pl?.ces f? . i r ,  bu t  a lways  

f a r  l e s s  s s t i s f e c t a r y  than  it is an t h e  3xiCized m n t c r i ~ l  

i rmedintely above it. Extre~ely poor ylc?r?,.t g ~ > w t h  was observed 

in  a few ins tances  on un-cxi5lze?- till, but it i s  bel ieved t h a t  

o t h e r  circuost.inces r,o,ths~- than  L m f c ? : ~ ~ r n - i !  s o i l  condi t ions  a r e  

t o  be blamed f ~ r  t h i s  ccndi t ion.  

Two otiher kinds of z ~ t ~ r i a l  h ~ v 3  b c a i  surveyed and sampled 

which, however, do net; s t r i c t l y  be: ang i n  t h e  above-2escribed 

pa t t e rn ,  

S o w  s l s ~ e s  expose b-th aci3- ~ 2 6  nsn-mid s h a l e  ma te r i a l ,  

Growth i s  extremely noi?r err th8 c.cI;~.. z ~ . t e ~ i e . l  ~ . n d  f a i r  t o  poor 

on the  non-acid she le , '  Expi:surss cf s k ~ l e  i?n 'nighw~y backslopes 

are not  of coxnon occurrence :nt2 heve, t h e ~ e f r j ~ e ,  been l i t t l e  

s tudied  i n  t h i s  ~ i > ~ ~ l e c t i ~ n ,  

Scndy ~ , o , t e r i a l s  hc.ve bc.r;n ~ l b j c c t  3f s t ~ d y ,  e i t h e r  in  

t h e  f o r r  cf c e o l i ~ n  sand nc - r  Sig r i v z r s  :>r i n  the  fgrr: of 

colluvium a . t  t h e  f c o t  cjf b~.cksl::)pes i n  <rift ril.ateria1, P lan t  

growth on these  ma te r i a l s  i s  i r r e g ~ l ~ r  225 rpnges from very poor 

t o  exce l l en t .  Th i s  ,3ifference i n  g ~ o w t h  r 2 p e w s  t o  have been 

ceused by a wide rmge i n  soil physic01 end chemic~ . l  p roper t i e s  

wi th in  t h i s  group of seczingly l i k e  nc?terin.l. 



Charnctcrization c~f Me,?or Individua.1 Zcaes in B~ckslopes - 
Of 241 samples taken, zt 55 sites (see figure 1 ~r.3. pp. 

142-147, reference b.), from different backs1026 materials, 192 

samples were selected as representative of specific zcnes. 

Averages of Enalytical data* ere given In Ta.bles 2 to 4. 

Till an6 loess nate~izls ?..,re hore divkdeS into their disti~lct 

zones of weathering. Data for oxidized P Y I ~  calccreous, oxidized 

and leached and de-oxidized zn;! 13acheci loess are, zoreover, 

separated according to thefr g3cgrouhlc lrcsticn. 

Till mete~irl. As a group tkIs r ; t b 9 r i E 1  Pnclu6es all till 
- - - u  - 

in which weethering has progresse9 but 115 -F;tle, Ferrettc, , 
guzbotil and fossil A2 horizons, c:.t,;incl.ly d a v c l ~ ~ e d  froo till, 

ore not included in this group bv.t will ts described separ2tely, 

Till saterials @re, in ge~ei-el ,  lr3c"ny an3 include sandy lor?ns 

?nd clay loans. Color P'LXE;G froz drork l~iive gray fc~s un-oxidized 

zcnes to yellowish brcm f c r  -xi5.ize2 st9geso 

VElues f2r volui:e weigkt rx2 ~ ~ ~ s ~ t i c i l  for all till 

s~rnples cppesr tc be higher thrn the  averqz of the backslcpe 

materi~ls. Eighty percent of the srnrles f ~ l l  in the lower 

categcry of totzl prosity which is ccstly 2u3 to a generrl 

lower capillary ~~rosity. wilt in^ l:crc~3nt,age is on the low side 

while all but 10 psrccnt ~f the eoz?l%s fe.11 in the two lower 

intervals for nsisture equivalent. 0:- 3. ~4~65%). Available 

water RS neasured by (M, E, - W. P , )  is, consequently, lower 

than rveragc. Initi~l nitrate rnd nitrifiable nitrogen are 

*Individu?.l analytisa.1 d ~ t z  are presented in the Appendix 
of reference b: pp. 148-182. 
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slightly higher than aversge while available phosphorus S ~ G W S  

a relatively even distribution, except fq r  the fact that ~ n l y  

6 percent of the sanples 'nave ncre zvailable phosphorus then 

3 lbs./acre. Seventy-three percent of t i e  till samples have a 

pH higher than 7.25. The ierge number ~f sam2les with low 

cation exchange capacity, low exch~ngenble hyJrogen, low to ta l  

exchcngeable bases and high base saturaticn i s  z~parent  fron 

frequency distributicns of ~ n a l y t i c ~ l  values (see reference b: 

PP. 41-50). 

Loess material. Texture of l~ass x ~ t e r i a l s  in  the surveyed -- 
region ranges from s i l t  l c m  t o  silt:- olcy locm depending on 

locction mil Sepee of wertherica. C:l:~rs vary frsn yellowish 

br3wn end l ight  clive b r o w  for th? zxilized s t s te ,  t o  l ight  

brown grey an3 l ight  olive f2r the 2e-2xl2izeC zones. 

E i z b t y  percent of this  ~ r t c r i ~ . i  h ~ s  yields which f a l l  in  

the upper two yield classes r s  w r s  elso "bs5rved i n  the  cpse of 

till materials, A further c?;rl;eriscn with tlll reveals t h ~ t  

many cf the a t t r i b u t ~ s  of loess r rc  c o q ? l ~ ~ e n t e r y  t~ tliose of 

till. This i s  especlelly striking in  the c.se cf sznd 2a.d s i l t  

content, vo lu~e  weight, the vrri-us 3cia%ure percenteges, 

aggregaticn, t c t a l  por?sity ~ n d  ~.vei l rble  ph?s~horus. T h i s  might 

indicate that c high intcrc>rraletiF1n exists between these 

factors, the srixary czuse beir,g locrtcd in  textural differences. 

Thus,  in the ccse of  loess, [me m y  cxrect thet l o w  smd aad high 

s i l t  contcnts can be r e l r t e l  t o  low v7lune weight, c. higher water 

availability ( ~ s  nensured by M. E, - W. P.), a l ~ w e r  percentage 

of water stable ag-gregztcs cn4. a high t.?tel porosity. It i s  I 



doubtful if the amount of available phosphate is directly 

related to the texture -- per se, It might be explained by the 

fact that the major phosphate carrying mineral, appatite, occurs 

in the silt fraction predominant in loess, 

All other chemical characteristics follow a relatively 

even distribution except for the catior, exchange capacity, With 

50 percent of all loess samples havixg a clay content of 20-29$, 

a rough calculation gives an average cation exchmge capacity 

for this clay fraction in the neighborhood of 80 me, Assuming 

that organic matter is practically absent,  %his indicctes that 

clay minerals present in loess must bo Isx-gely of the mont- 

morillonite type. 

Table 3 shows some obvious ckznge 1 3  pro?erties of oxidized 

loess material with the dearea of weathering, This is recog- 
-,. 

nizable not only by the degree of Icncking but also by the 

geographical location of t:ie loess aatbrials. Previous authors 

have found that weathering in losss hes progressed with the 

dist,ance between sourco and location of deposit, The present 

findings indic~ts that leachcd loess has n lower sand and higher 

clay content then calcareous loess, 

The most prominent differcnces between calc~reous and leached 

loess are increesed aggregction (frm .019 rnm. to .398 mm.), 

wilting point (from 8.9% to 13.9$), moisture ~quivalent (from 

22.7% to 26.511, end c~,tion exch~cge cspecity (from 15.1 me. to 

20.2 me.).* All these increeses aay bc correlrted again with 

a simultaneous incre~se in clay content (from 15.5% to 28.3%) 

"Figures quoted here refer to looss mp.tcri~1 in the eastern 
part of thc state, but sinilar differences ere observed in the 
western part, 
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which i n  t h i s  case does n o t  sem t o  have been a f f e c t e d  by 

d e p o s i t i o n  b u t  by increased  weatlzering, A f u r t h e r  i n c r e a s e  i n  

c l a y  c o n t e n t  and a r e l a t i v e  dec rease  i n  a e r a t i o n  and c a p i i l a r y  

p o r o s i t y  i s  caused by difference in  d i s t a n c e  between source and 

l o c a t i o n  of l o e s s  d e p o s i t s ,  A r ena rkeb le  d e c r e ~ s e  i n  z v a l l a b l e  

potassium occurs  a l s o  f r o 3  west t o  e e s t ,  both i n  lepched end 

unleached l o e s s ,  

B hor izons ,  Mater ia l s  f ~ c l u d e d  i n  t h i s  g-rcup may have 

developed under different c o n d i t i o n s  cf p k n t  grcwth ( g r a s s  o r  

t r e e s )  am3 r a y  belong t o  q u i t e  Siffex>er:f s o i l  types.  Hetero- 

geneous though they  rcey bo, thcy  e r c  g r m ~ x d .  here t o g e t h e r  

because t h e y  inay have s e v e r a l  f r c t . 3 r s  i n  cormon with  r e s p e c t  t o  

r e -vege ta t ion  of backslopes. Tkey ?re, 2~ gc?,rcral, of  s i l t y  

c l a y  loam t e x t u r e  rnd r m g e  i n  c c l o r  fr2z 2ark yel lowish brown 

t o  l i g h t  g r a y  brown. A l l  S ha:rizans s tad%d appeared t o  have 

been developed from l o e s s ,  C~:ns~.qucntly, thcy ney be c m s i d e r e d  

a s  l o c s s  zones i n  wlzich weo t l ze r i~g  has  progrsssed t o  a. g r e n t  

e x t e n t ,  

T e x t u r a l l y ,  they  c o n t e i n  p n  averega of seven percent  more 

c l a y  than t h e  oxidized lc?ched l c e s s  i n  e e s t e m  Iowr ,  Due t o  

t h e i r  h ighe r  c l s y  conten t  t hey  have e higher  a g g r e g ~ ~ t i ~ n ,  lower 

a e r a t i o n  p o r o s i t y ,  h ighe r  w i l t i n g  p ~ i - t  2nd ; m i s t u r e  e q u i v a l e n t  

2nd h ighe r  c a t i o n  e x c h ~ n g e  c ~ p ~ c i t y  t h r n  i s  ~ . v c r z g e  f o r  loess 

ma te r i a l s .  

Average values  f o r  B h7r izons (Table 4) 3,s c o ~ p ~ r e d  w i t h  

those  f o r  oxidized o r  lenchcd l o e s s  (TzSle 3 ) ,  however, r e v e a l  

t h e t  both groups of m ~ . t e r i c l s  a r e  very xuch a l i k e  i n  s o i l  p h y s i c a l  



properties, In this respect It is interesting to note that even 

though the B horizons have a distinctly higher clay content, the 

total content of fine material, silt plus clay, is a.pprox1mntely 

the same in both cases, One might infer from this thr,t physical 

conditions are as well determined by the total silt and clay 

content as by the clay content alone, The largest difference 

between B horizons and oxidized and leached loess occurs In the 

content of nitrifiable nitrogen which is only 5,8 lbs./acre in 

horizons as compared the latter 

group. The average phosphorus content of B horizons is remarkably 

high in comparison with that of all other backslope materials. 

Another high value occurs in the form of exchangeable hydrogen 

(5.3 me,) which is only second to that in acid shales ( 8 . 5  me*)* 

Base saturation percentage and pH are, consequently, exceptionally 

low and follow the similar relatioxships, 

Buricd A2 horizons. These buried soils have been formed in 

till either uniier grass or forest vegetation, This light-colored 

material (yellowish brown to pale olive and with occasional light 

fine mottling) has a wide range in texture f rorn silt loam 

via loam to sandy clsy loem. Similarities betwcen A2 horizons 

and till material, from which they may in part be derived, may' 

be observed from the frequency distribution of the se,mples. 

Notable dsviations occur in aggregation, moisture equivalent and 

available water (M, E. - W, P.). The nature of A2 material 

warrants comparison with average values of leached till zones, 

Aggregation appears to be far less and volume weight is somewhat 

higher in the czse of A 2  materid. Wiltir~g point and moisture 



equivalent are indeed lower but the difference between these two 

values yields an 'mount of available water which ib almost equal 

to that in oxidized leached till, Porosity date are slightly 

lower too, Avere-ge data for nitrogen ~ n d  potassium indicate 

the extremely le2,ched and chenically poor character of these A2 

materials. Nitrifiable nitrogen content in A2 horizons is 4.3 

Ibs,/acre as cornpzred to 29.6 lbs./acre in oxidized a d  leached 

till. Available potnssium.is likewise decreascd from 257 lbs./ 

acre to 119 lbs./acro. Compared with l ~ c h s d  till, there is a 

larger difference in cation exchange cepacitics (from 17.2 me. 

for lee.ched till to 12.0 me. for A2 matsrials) t h ~ n  in exchange- 

eble hyd~ogen (from i,8 me. to 2,O me, respectively) resulting in 

a lower percent base saturetion for A2 materid. 

Ferretto zDnesa - Bo'th ferretto zor,es r?nd gumbotil Ere 
highly weathered zonzs of m~.xirnum clpy accumulntion comparable 

with B horizons in inodern soil profiles. The clifference between 

ferretto zones P~C! gumbctil seems to be caused by prevailing 

drainage conditions cvnd vegetation at the t i ~ e  of formation. 

Ferretto zones iilcluded in this survey have materials of 

clay loam texture, which often times grade i ~ t o  the more sandy 

loam and loam classes. Their cozors vary from brownish yellow 

and yellowish brown to strong brown, mostly variegated with red 

and yellow red. They are somewhat richer in clay than the till 

material from which they are derived. Consequently, they hzve a 

higher than average wilting point ar,d molsture equivalent but 

are like till in total water availability (M. E. - W. P.). Most 

(75%) of the ferretto samples have an a~ration porosity lower 
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t h a n  8$6 percent  and a high c a p i l l a r y  porosi ty .  This  aga in  i s  

in  apparent c o r r e l a t i o n  with t h e i r  high c l a y  content .  Compared 

with ordinary oxidized mcl leached till (Table 2)  f e r r e t t o  

ma te r i a l s  eppear t o  have a lower value f o r  water s t a b l e  aggregates 

(.380 ma. versus ,633 mm. in  lezched till) which i n  t h i s  ins tance  

mig5t be r e l a t e d  t o  n higher  degree of weathering. A s i m i l e r  

r e l a t i o n s h i p  of d e c r e ~ s e d  eggregs t ion  with degree of weathering 

w a s  noted among the veriou-s weathericg p o u p s  of till. 

Average vp.lues f o r  n i t rogen and phosphorus a r e  even lower 

than  those  f o r  A2 mate r i e i s ,  pnd rre,  a s  r mp.tter of f e c t ,  lower 

than  i n  any o t h e r  beckslope matcr ia l  with t h a  except ion of shales .  

Cat ion exchangz cepaci ty  i s  approximately 25 percent  h igher  

than  i n  oxidized and leached till,  but  i s  elmost t h e  sene e s  in 

the deoxidized 2nd 1ee.ched till. 

Gumbotil. Mate r i r l  belonging t o  t h i s  group i s  genera l ly  of -- 
d i s t i n c t  c layey t ex tu re .  The c o l o r  i s  l i g h t  brownish gray o r  

l i g h t  o l i v e ,  vrriegc.ted i n  d i f f c r c n t  degrees with yellow, yel lowish 

brown, s t rong  brown o r  yellow red. It m2y e e s i l y  be d i s t ingu i shed  

from f e r r a t t o  me te r i a l  by i t s  c o l o r  rr,d t e x t 3 x ~ e .  I ts  c l a y  content  

i s  c o n s i d e r ~ ~ b l y  higher  then t : ~ ~ t  of o rd in r ry  dl-oxidized leached 

till, wi th  which it F.PY bc co?ii)~red ~ n d  is, in  f m t ,  ms^ximel in 

comp~r i son  wi th  m y  o t h e r  b~cl rs lope  r r t e r i ~ l  (with t h e  except ion 

of t h e  two non-acid s h ~ l e  s e ~ p l e s ) .  Ninety percent  of t h e  sampled 

guumbbotils hed c l r y  con ten t s  higher  thpn 36.9 pe rcen t ,  while t h e  

averege c lny  content  was 48.2 percent.  

Volume weight (1.37 gr./cc.) i s  ebout 10 percent  l e s s  than  

t h a t  of pay of t h e  o t h e r  till m r t e r i ~ l s  including f e r r e t t o .  Th i s  
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may be a t t r i b u t e d  t o  i t s  h igh  c a p i l l r r y  po ros i ty .  Aere t ion  

p o r o s i t y  i s  as low es t h c t  of f e r r e t t o  m p t e r i a l .  Aggregp-tion i s  

between t h a t  f o r  f e r r e t t o  and de-oxidized end l e ~ c h e d  till. 

Wi l t i ng  p o i n t ,  mois ture  equ iva l en t  2nd mrximum w r t e r  c v ~ i l a b i l i t y  

are h ighe r  t h m  f o r  p-ny o t h e r  r n ~ t e r i ~ l  found on bnckslopes.  The 

zvercge vc lue  f o r  wilting p o i n t  i s  21.2 pe rccn t  ~ n d  f o r  mois ture  

e q u i v a l e n t ,  37.5 percen t .  A s  i n  al: pro3lem m ~ t e r i ~ l s ,  n i t r i f i a b l e  

n i t r o g e n  i s  low. Avzi lnblc  p o t ~ s s i u n  i s  very high f o r  tlll- 

de r ived  m r t e r i a l  and c a t i o n  cxchrnge c ~ i y c t i y  ( 2 . v e r ~ g c  of 25.8 me.) 

appears  t o  be  a g a i n  P n ~ x i n u n  value.  Both h igh  v ~ l u e s  z ~ y  be 

expla ined  by t h e  h igh  c o n t e n t  o f ,  p r e s u r ~ b l y ,  h i g h l y  weathered 

c l a y  n a t e r i ~ l .  

S\md. c a t c ~ ~ i a l ,  -. .-- This  grqup c a n t e i n s  r c ? t h x  heterogeneous 

material (es h?s been no ted  b e f o r e ) ,  b u t  due t o  tlzc d i s t i n c t  

t e x t u r a l  f e a t u r e  of' very high s ~ n d ,  associa te?!  w i t ?  low c l a y  and 

s i l t  c 3 n t e n t s ,  it i s  i n e e r c s t i n g  t o  observe p o s s i b l e  simultaneous 

ch?.nges in  vnr ious  s o i l  p r o p e r t i e s .  The fo l lowing  c l o s e  co r r e -  

l ~ t i o n  wi%h t e x t u r e  may be obesrved: A high zverpge vglume 

weight of 1.60, 8 value which w ~ s  f o m d  o ~ l y  in  b u r l e d  A 2  m a t e r i a l ;  

extremely low p.verFges f?r w i l t i n g  p c i n t  (3.1$), mois ture  equiva- 

l s n t  (7.2%), M. E. - W ,  I?. (4,1$), c ~ p i i l ~ r y  p o r o s i t y  (18.1%) and 

t o t e l  p o r o s i t y  (35*$$); end P s i x u l t c n e ~ u s  n c x i m u ~  r v e r s g e  va lue  

f o r  a e r a t i o n  p o r o s i t y  (17.6%). ?d'c.r,e of  t h e s e  va lues  i s  equa l l ed  

by t h o s e  i n  o t h e r  s o i l  ~ a t e r i n l s  except  f o r  t o t a l  p o r o s i t y  which 

i s  m i n i m ~ l  in t h e  cpse of A 2  m z t e r i c l  (32.4$). The c o n t e n t s  of 

i n i t i a l  and n i t r i f i 2 b l e  n i t r o g e n  a r e  r e r z r k r b l y  high--as a n a t t e r  

o f  f ~ c t ,  naxin~. l - -whi le  cve. i l rble  p c t ~ ~ s s i u r  i s  second lowes t ,  wi th  
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139 lbs,/ncre, af ter  that in  A 2  material, wi th  119 lbs ./plcre. 

The cction exchenge czpncity i s ,  according to expectztions, quite 

low (6.3 me.), 

The cclor of these s~.nd n a t e r i ~ l s  i s  pyedocin~ntly l igh t  

olive brown indicating the presence of some organic matter, which, 

in  i t s  turn, accounts f o r  the high figures f o r  nitrogen. 

Shale, A few of the prominent features of this  meteriel 

w i l l  be discussed here even though only two scmples of each kind, 

aci.3 non-acid shale, wcrc obtained. 

The acid shale materiel i s  gray brown o r  yell~wish brown 

2nd ~f clay 1'3c71il texture, In phys ic~l  chrrectcristics it i s  

much l ike  till. The distinct feature i s ,  of course, i t s  acidity 

recognizable by low pH (4.6) high cxchangceble hydrogen (8.5 m e .  

~ . n t  low base saturation ( 3 6 s ) .  Vegetotisn i s  obviously limited 

due t o  th i s  high acidity which cry be toxic t o  the plonts. The 

high phosphorus content (7.8 lbs./ecre) i s  curious. 

The two samples of the nona2cid a~tcr ic .1  were dark gray- 

brown ,ad olive res9ectively. Both h ~ d  a clay texture wi th  en 

Pverage maximal amaunt cf clay of 55.8%. The u s u ~ l  prcperties of 

water percente.ges axxi pwosity m e  2gz.in co r re l~~ ted  with th i s  

high clay content. 

From the above discussicn on  soil  r r te r ie l s  it i s  quite 

obvious that nsmg of the neasured s o i l  praperties are intercarre- 

lated. It cppeprs th r t  mmy of these correlations Ere caused 

primarily by associflticn with specific textural features. These 

again P.ppear t o  be lc.rgely determined by the wcy in  which depo- 

s i t ion of the naterip-1 occurred ( i n  the ccse of  loess naterials)  



or by the degee of weathering to which the rneterisl has been 

subjected. 

Greenhouse Experi~ents 

HG 01. The effect of addition of fertilizers and soil con- 

dttioners to four different backslope soil materials on plant 

growth thereon, The four soil materials used in this experiment 

were: gurnbotil, oxidized Kansan till, calcareous loess and aeolian 

sand. Plant growth was measured with sudzngrass as indicator 

crop, Details and final results of this experiment appeared in 

the first progress report (reference a: pp, 9-19). 

A statistical malysis of the results is given in Tables 5 

to 8. Fertilizer and conditioner treztnents, singly and in 

combinsttion, resulted In highly sigzificant increases in plant 

growth on all soils, except on Kansan tlll. On this material 

conditioner treatments failed to improve plant growth, probably 

because of the coarse and looss pseudo-aggregeted structure of 

this soil mzterial even without treatment with soil conditioners. 

On gumboti1 all fertilizer trectments including niti-ogen 

appc~r to increase p l ~ n t  growth ~i~ificzntly; 2nd if in combiv 

nation with phosphate, yields of plant tops are roughly four 

times as high as those of the nitrogen trectment alone. 

Simil~r results $re obt~ined on ~ e o l i ~ n  smd :  nitrogen and 

phosphate in cornbinaticn give yields which are double of those of 

the nitrogen treatment alone. 

Plant growth on Kansan till is especially helped by the 

eddition of nitrogen End phosphate in combination. Nitrogen 

alone fails to give EJI ap2reciable increase here. 
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Yields on calcareous loess are doubled by an addition of 

phosphate dons, but are again tr~rnendously increased by an appli- 

cation of nitrogen and phosphate together. Nitrogen alone has 

apparently no effect. 

Except in the case of gumbotil, which Elready has a high 

K-content, addition af potash to the N + P fertilizer appears to 

increase somewhat the effect on plant growth, 

All conditioner treatments increased yields on gumbotil, 

but the increase was significant only in the case of the F2 con- 

ditioner (a latex p~cparaticn), 

Resin powder, used as soil conditioner, gave marked increases 

in plant growth on both the loose textured materials, loess and 

sand, 

All other c~:nditioners improved growth on s m d ,  but none of 

the conditioners h ~ d  m y  ~ppreciebly effect on Kzr-san till. 

Interaction between fertilizers s.nd soil conditioners were 

significantly present on all soils except on K~as~n till again. 

Individual data (see reference a: pp. 14-17) show that combi- 

nztion of fertilizers Er,d conditioners are especially successful 

where the right fertilizer mixture has been used (see above 

discussion on fertilizer effects), 

Root growth (see reference a: pp. 10, 14-18) showed in most 

cases relztive increases due to fertilizer 2nd/ or soil con- 

ditioner treztments in a similnr fashion as top growth, Per- 

centage wise, however, increments in root growth were half as 

large as those in top growth, 
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HG 02, The effect of fertilizer--X? 2nd NPK--?aditions to 

gumbotil a d  oxidized Kmsen till or? plant f~rowth thereon, 

Oetails m d  results of this experiment heve previously been 

reported in reference a: pp, 19-22, Two indicator plants were 

used: sud~ngr~ss and rice ,* 
Both wet end dry weights of plmt tops were rccordcd. Wet 

weights soem to give P. better measure of pl~nt growth, as it 

includes the wster t~ken up by the plznt under cctual growing 

conditions, 

An ilmlysis of verimce plus summery of averages of plant 

weights (sudangrass) on gumbotil is prcsontcd in Table 9. 

Tho zn~lysis shows t h ~ t  nitrogen alone nrs r definite 

effect on plat growth, which appears to be increased when phosm 

phate is added to the nitrogen. Phospheto ~dditions alone in- 

crecse vegetetive growth too; the effect is, :~owevsr, not 

significant,** 
C 

In generel, it may be concluded that increasing phosphate 

applic~.tions did not improve plmt growth et n low nitrogen level 

) At higher nitrogen levcls (N2 N3, 200 m d  300 ibs. N/A 

resp. 1 , 

*In view of tnc ~nornelous beh~.vior of rice in this experiment, 

we will exclude the results obtcined with this indic~tor plar,t 

from the discussion. 

**In this series of experiments veriEtion between individual 

pots was so l~rge th~t, togetnor with the small number of repet- 

itions ( Z ) ,  it was virtually impossible to obtain differences 

which were statistically sip-if ic~at* 



-20- 

however, i n c r e ~ s e d  phosphate a > ? l i c ~ t L o n s  r e s u l t  in  successive 

increments i n  growth. The h ighes t  l e v e l  of combined n i t rogen  

and phosphcte (N3P3 = 300 lbs. N/A + 300 lbs. p 2 0 5 / ~ )  more than 

doubled plcont growth in  comparison with the  IJIP1 tseatment. 

A second p a r t  of tho same experiment involved oxidized 

Ksnsen till. An m a l y s i s  of a p ~ r t  of thesc  d n t ~  i s  given i n  

T ~ b l e s  10a and lob. 

Even though t h e  m ~ l y s i s  i n d i c z t e s  s i g n i f i c e n t  e f f e c t s ,  

t h e r e  cre few s i g n i f i c a n t  d i f f e rences  between ind iv idua l  treat- 

ments o r  l c v e l s ,  due t c  t h e  r e h ~ . t i v e l y  l m g e  v a r i ~ n c e  cnd stond- 

ard deviat ion.  

An increese  in  nitrogrsn l e v e l s  a lone dccre2ses plar, t  y i e l d s  

instep-d of inc reas ing  then. Incrccsed phosphate ~ p p l i c e t i o n s ,  

however, r e s u l t  i n  large increxents  i n  p l m t  g-owth. 

I n t e r a c t i o n  between n i t rogen  ;ma phospheke i s  such t h c t ,  

i n  combination with higher  phosphste r p p l i c a t i o n s ,  increased 

n i t rogen l e v e l s  c v e n t u ~ l l y  h ~ v e  a p o s i t i v e  e f f e c t  on p l e n t  

growth. From t h i s  it would eppeFr t h ~ t  the r i g h t  bslz.r.ccd ccaki-  

n z t i o n  of n i t r o g e n  and phosphp-te i s  of the utmost imporfcxce 

i n  the  cme of KmsGan till, 

Sirriiler conclusions m y  be d r ~ u n .  f r m  Trb le  lob where 

successive incrcnses  of t h e  hTP l e v e l  r e s u l t  in  y i e l d  increments 

from 21% t o  134%. A ~ e l a t i v ~ l y  low ~ p p l i c a t i c n  cf potash 

(K1 = 100 15s. K ~ ~ / A )  i rproved p l m t  growth s l i g h t l y  t o  moderetely 

2t each of t h e  d i f f e r e n t  NP l e v e l s .  



HG 03. The effect of fertilizers and soil conditioner 

on the growth of ~udangrass on four subsoils and one topsoil. 

The four backslope materials in this experiment were: 

1) unoxidized till, 2) gumbotil, 3) ferretto and 4) buried 

Az. Plant growth on these (poor) subsoils was compared with 

that on a relatively fertile Tama topsoil. 

Treatments were chosen on the basis of the results of 

the two pr<vi~us greenhouse experiments: HG 01 and HG 02, 

and on the chemical aniilysis of each soil material separately. 

Chemica.1 Analysis of Soil Materials 
Used in Experiment HG 03 Sc HG 04 

-I sxch. H C.E.C. init K 2-vail P avafl K rnol<?t 
Soil materid pH me/100 me/100 (lbs/~) ( I b s / ~ )  (lbs/~) e!~?: i .v .  > C: \ 

gr gr ! p  i 

Unoxidized Till 7.4 0.00 2.1 3  L 1 208 13,O' 
~umbotil 7.3 3.30 26,2 6 41 2 96 J - . 9 d  97 c 
Ferretto 5.85 2.72 15 . 7 (1 41 12b ie,& 
Buried A2 5.3 3*58 8.0 3 L1 85 l5,b 
Tama topsoil 5a95 7.22 - - - 711) - 

The fertilizer treatments included combin~tions of 

N (300 lbs x/A), 4 levels of phosphate (100 to 400 lbs .  3 
P 2 0 5 / ~ ) ,  K (different mounts of ~ d f i e d  potpsh, depending on 

nvnil~ble K in soil mctcriel; m~xiaum totd amount = 300 lbs 

nveilrble K 2 0 / ~ )  and minor nutrients (B, >n, Zn, Cu, Mo and 

Fe). The conditioner eaployed in this experiment wcs powdered 

resin, the same e s  used in HG 01 (B). From a prelirnin~ry 

laborctory experiment, it wos determined th~.t cddltion of 

resin et the rate of 0.2% of totgl soil weight at moisture 
near 

equivelent gave/optimun a.ggregotion m d  F-ggregate st~bility. 
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A summrry and an~,lyses of vcri~nce of the results of 

this experime~t ?..re given in T~bles 11-17. 

A gl~nce et Teble 11 snows t k t  the proper combin~tion of 

fertilizers may boost yields on subsoils as hig5 e s  22 times . 

those of the check trep-tments. Off hmd, it seems thnt the 

addition of soil conditioner does not greatly improve yields, 

except where the fertility status is at an optimum, In thet 

case, conditioner may sizably incre~se the already relatively 

high growth response, 

It also appears that with optimum fertilizer additions, 

plant growth on these subsoil materiels may be almost as goo4 

as on the fairly fertile, but non-fertilized, topsoil, This 

point especially is of importmce since it proves that--~i.p;: 

from the disadvant~ge due to slope--these su~solls hcve the 
% 

capacity to support a decent vegektion, provided that their 

fertility is raised to e sufficien~t level, 

Tables 12-16 indic~te the effects (end their significance) 

of the different fertilizsrs znd conditioner singly or in 

combinetion on the plmt growth on each of the various soil 

mnterials. 

The resin effect, tcken over rll fertilizer treatments 

including nitrogen and the control treatment, is significmt 

only in the crse of buried A 2  soil mzterial, The l ~ c k  of 

natural eggregction of this closely-pccked fine silt material 

explains, of course, the beneficial effect of a soil con- 

ditioner in providing a better reration for plant growth. The 

average effect of resin 0v6r ~l.1 combinetions with PT3P3 

(N3P3, N P K and N3P3KM) is zlso significent on the same soil 3 3 
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material; so are the interactions of the conditioner with 

several fertilizer combinations. 

Tho only other soil m~terial which shows soma response, 

though non-significant, with resin is the unoxidized till. 

In this case, however, the effects are negative, instead of 

positive. The rele~.se of toxic subst~xces from the till 

materid nay be the cause of this adverse effect. 

Nitrogen alone gives no sipificent incre~se in plant 

growth except in the case of the topsoil. Phosphorus alone, 

however, hss on all soils R highly sipificmt effect, which 

is even incressed by nitrogen on the ferretto material end 

topsoil. Tine phosphorus effect is the hLghest of ell effects 

on unoxidized till and gumbotil. 

Table 17 gives an estimate of the linear response of 

plant growth on all soil materials to five successive levels 

of P (each level represents an increase of 100 lbs P ~ O ~ / A ,  

starting with zero). 

Unoxidlzed till and gumbotil experience a significant 

linear effect, but on all soils, including these two, P has a 

highly significant residual or curvilinear effect. The top- 

soil forms a notable exception; the linear effect of P is 

highly significant but small (.0380), and the residual, 

curvilinear effect is non-significant. 

The effect of potassium, averaged over the N P level, is 

significant but negative in the case of unoxidized till. On 

the otner low-K soil materials, its effect is positive but 

not signif icmt . 
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Minor elements, avereged over the N3P3(K) level, are 

inconsistent in their effects on plent growth, The effect is 

negative on unoxidized till, ferretto and topsoil, and positive 

on gumbotil and buried A2.  The effect is significant in the 

latter case only. 

The combination of nitrogen and phosphorus has already 

been mentioned, Tho combined effect is highly slpificant 

on all soll materials and is usually of the sane order as, or 

higher thm, the effect of phosphorus alone (averaged over the 

same I? lcvel) . 
The addition of potash to the NP c~rnbin~tion gives an 

increased effect both on ferretto ead buried A2. 

Addition of minor elements to the NP level gives a 

higher effect on ferretto, but this effect is lower than 

that of the N P K  combination. Something similar happens in 

the case of gumbotil, whzre t h e  NPM effect is higkrer than 

the NP effect, but lowcr then the effect of P  lone. Buried 

A 2  is the only soll materiel which gives an Increased response 

to the addition of minor olements: the NPKM combination has 

the highest effect cf ell combic~tions on this subsoil. 

Smmsrizing thcse rssults ,  it Ep>eprs thpt plant growth 

on cll subsoils snows a highly significant response to the 

addition of a combincd N m!O P fertilizer, The combinaticn 

of 300 lbs K/A + 300 lbs P 2 0 5 / ~  seems to be very suitzble. 

The level of pliclosphorus may even be r~ised stnother 100 l b s / ~  

in the case of unoxidized till end gumbotil, in view of the 

linear response on thcse subsoils, 



Addition of potash and minor elements may give an extra 

response on ferretto end buried A2 material. Soil conditioner 

may improve the structure of buried A2 rn~"teria1 considerably 

at the higher fertility levels. This last point may be 

importeat in case m old backslope has a satisfactory vege- 

t~tion, except for that zone. Simultaneous addition of 

conditioner and fertilizers nay elimin~te this "bare zone.t1 

HG 04, The effect of fertilizers and soil conditioner on 

the growth of elfelfs. and bromegrass on four subsoils 2nd one 

topsoil, Soil materials, fertilizers ~.nd conditioner were 

the same in this oxpcriment zs in Experiment HG 03, with the 

exception that lime w ~ s  edded to three soils with pH lower 

t h m  6.0. A factoricl design was used as much as possible, but 

several treatments, such ~s phosphorus levels end cinor 

elements, were added in non-f~ctoric?l combin;2tions. 

Tables 18-22 give the results in dry weights of plant 

roots =d tops, Ag~in, it may be seen that many coobinations 

of fertilizers have 2 tremendous positive effect on plant 

growth, incre~sing both top =md root growth. It is also 

evident t h ~ t  the ratlo of elfzlfa m d  brome vegetation can be 

changed or controlled by diffcren* conbinations of fertilizers. 

The s a m  is true for thc rztio of roots to tops. 

The coxbination of nitrogen md phosphorus gives large 

increases in plant grcwth, both 2.lf~"lfa and brome, on all 

soil materials, T~tal plent growth is incre~sed by zddition 

of soil conditioner 2.nd other fertilizers, besides N ,md P, 

only in the cs(..se of ferretto cr_d buried A2.  Growth of 

bromegrass alone is notgbly i i ~ p r c ~ e d  by the RN P KM trentment 2 3 
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on unoxidized tili. Addition of l i n e  ~ n d  potesh t o  t h e  

N2P3 combination on buried A 2  boosts  t o p  growth of bromegrass 

from 8 t o  24%. 

The r a t i o  of a l f a l f a  t o  brome i s  roughly 70:30 on c l l  

s o i l  ma te r i a l s ,  except on gumboti1 where it i s  45:55. Phos- 

phorus c lone ,  or i n  combination w i t h  lime o r  potash,  increases  

e s p e c i a l l y  ~ . l f n l f a  grow*h s o  t 1 2 2 t  t h e  r a t i o  epproaches 90:10. 

Nitrogen cornbin~t icns  tend t o  s h i f t  the r a t i o  somewhat i n  , 

f avor  of bromegrass. Zorsly,  however, i s  the welght of brorne 

tops  l e r g e r  than t k n t  of ~ l f ~ 3 . f ~  tops ,  a t  Least  with t h e  

p a r t i c u l ~ r  seeding r-tj.0 used i n  t 3 l  s ~xper i rnent  , 

Root growth follows t o p  growth c l o s e l y  ~ n d  i s  increesed 

by  t h e  s m e  fzvorable  f e r t i l i z e r  con3imt ions ,  S o f l  con- 

d i t i o n e r  h?.s a spec ia l  l e r g s  e f f e c t  r o o t  growth on unoxidizec 

till nn6 f e r r e t t o ,  Additfzn cf l i ~ e ,  potash ~rcd n inor  elements 

t o  NP combinations incrore3 r a o t  growth m o t h e r  30 t o  100%. 

T o t a l  weight of roote  I s ,  i n  xos t  C F S ~ S ,  60 t o  70% t h a t  

of tops ,  except on burled iz2 Tcxa t o p s o i l  where roo t  growth 

exceeds top  growth by 20 t o  3 ~ $ ,  The r ~ t i o  of r o o t s  t o  tops  

i s  almost doubled on mcxid ized  t L l l  by t h e  ~ d d i t i o n  of s o i l  

condi t ioner  t o  tho N9F3KL t r e e t x e n t .  This e f f e c t  i s  n c t  - 
seen on eny of the e t h e r  s o i l  m t 9 r i n l s .  

Trbles  23-27 present  t h c  cna.lys2s of v c r i m c e  of t h e  

factorial trectments ,  i n c l u d i ~ g  I< 2nd P t re2tments ,  and-- 

some--clso K znd/or L trei^t~:ents. Nitrogen e lonc  has, i n  no 

ccse ,  e ~ i g n i f i c ~ n t  e f f e c t  on r l f ~ l f ~  top  growth os  i s  t o  be 

expected. The e f f e c t  on brme tops  (cnd r o o t s  t o  a lesser 

e x t e n t ) ,  however, i s  highly s ignif icp.nt  in  cpses. Phos- 



phorus e lone  has a high p o s i t i v e  e f f e c t  cn a l f a l f a  a d  brome 

t o p  and r o o t  g a w t h  on a l l  so i l s .  The e f f e c t  on a l f a l f a  tops 

i s  h ighes t  on moxidized till (5 .02?5) ,  on brome tops and on 

r o o t s  i n  t h e  case of gurnbotil (2.1517 and 4.7633, respect ive ly) .  

The only s i p i f f c a n t  e f f e c t  of potash a lone  i s  on roo t  

growth i n  t he  case  of f e r r e t t o ,  while t h e  e f f e c t  on r o o t s  on 

buried A 2  i s  even higher  but  non-s igni f icant  (.8554 versus 

.7621). 

L i ~ e  a lone  g ives  s i g n i f i c a n t  e f f e c t s  on buried A2 

( a l f a l f a  tops: -7596) m d  Tnma topsoil (alfalfa tops: -1.3525; 

brome tops: 1.7517; roots :  -3 .3958) .  It should be noted t h a t  

the  e f f e c t  of l iming on t h e  t o p s c i l  i s  l a r g e l y  negative.  

O f  tilt: f e r t i l i z e r  c3;3binaticns, it i s  aga in  t h e  N2P3 

i n t e r a c t i o n  which y i e l d s  the h ighes t  r e s u l t s  cn a l l  subso i l  

ree.terials, e s p e c i e l l y  Icjn broroe tops  2nd t o t a l  r o c t  growth. 

The only o t h e r  combixl~lticns which mer i t  a t t e n t i o n  are: 

N2LK on a l f e l f a  tops  (.5692); P3K ~ n d  NzP3K (.7429 end .4846, 

r e spec t ive ly )  an f e r r e t t o ;  LP3 end P3K en e l fe l fa  tops  on 

buried A2 (.7321 md .5662, r e s p e c t i v e l y ) ;  and N2L on brorne 

tops on t h e  t o p s c i l  (1.1233). 

The analysis of verizncs of phosphorus l e v e l s  i s  given 

i n  Table 28. A s  i n  t h e  previous experiment, unoxidized till 

and g u ~ b o t i l  are t h e  only two subso i l s  which show a linear 

response of p l a n t  growth t o  successive l e v e l s  of phosphorus. 

The e f f e c t  i s  l a r g e s t  i n  the  case  of gurnbotil. Curv i l inea r  

e f f e c t  of P-levels  i s  highly s i g n i f i c a n t  f o r  a h 1  p l a n t  growth 

on f e r r e t t a  and f o r  brome on buried A 2 .  



The effects of minor elements and soil conditioner alone, 

taken over a full nutrient level, are preseated in Tables 29- 

32. Table 33 gives the samc, including the effect of and 

interaction with lime on topsoil. Soil conditioner fails to 

exert a significant effect on gurnbotil but increases brome 

tops (and roots) apparently on all other subsoils. Only in 

the case of buried A2 can one find e. significeat effect of 

minor elements on plant growth; but the effect is positive 

in the case of alfelfa and negative on brome, resulting in 

a non-significsnt effect on root growth. 

The effects of liming the topsoil on plant growth are 

largely negative, except on bromeg-rass where both lime and 

soil conditio~er, but not their interactions, show a high 

positive effect, 

The results of this experimsnnt lend, in general, to the 

same conclusions as in Experiment HG 03. The advantage of the 

present experiment is thet the sFme plant species were used 

as are ectually employ34 in bac~slope seeding so that these 

results are directly appliczble to the est~blishmcnt of a 

vegetative cover on hi~kwcy backslopes. 

We arrive to the following conclusions: 

1. A basic fertilizer mixture of 200 lbs N/A + 300 lbs 

P ~ O ~ / A  is ideal for e rapid and dense est?-blishment of a mixed 

alf~lfa-brome vegetation on the major subsoil materials as 

exposed on highway bCckslopes. 

An edditianrl 100 lbs P 2 0 5 / ~  may give a more luxurio~is 
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p l a n t  growth; but  s ince  we are aiming z t  a s u f f i c i e n t  vege- 

t a t i v e  cover pad no t  a t  c maximam y i e l d ,  t h e  A2P3 combinstion 

i s  a t  l e a s t  as good a s  t h e  N2P4 combination eend more economical, 

2. Addition of 200 1Ss QO/A t o  the  b ~ s i c  X2P3 conbi- 

n a t i o n  w i l l  increase  e s p e c i a l l y  roo t  growth on f e r r e t t o  and 

bur ied  A2 zones. These twc zones r r e  usuEl ly  loca ted  s i d e  

by side, which m k e s  a s p e c i c l  t ~ e a t r n e 2 t  more convenient. 

The heavy gully-erosion usua l ly  occurr ing cn these meterials 

emphasizes t h e  i m p c r t ~ x c e  of ext re  r o o t  g r m t h ,  

3. Further c.dditian cf l j m c ,  rriiior e lcncnts  ~ n d  s o i l  

c o n d i t i o ~ e r  nay g i v e  2?.dttitiom.1 i n c ~ x s e s  in  p l ~ i i t  growth. 

This  seems, however, wylecesssry frw a p r c c t i c a l  a s  wel l  

as from an e c c n m i c  s tandpoint ,  since t h e  v5getnt ive cover 

obtained before t h e  ~ d d f t i c x  cf theso w e x t r a s n  appenrs t o  be 

f u l l y  adequate, 



Table 1, Occurrence a d  e x t e n t  of highway b ~ c k s l o p e s  

of problemat ic  n c t ~ ~ r e  

Highway 
Number 

1 ( S t a t e )  
1 ( S t a t e )  
1 ( S t a t e )  

2 ( S t a t e )  
6 ( u s  1 
6 0 s  1 
14 ( S t a t e )  
14 ( S t a t e )  
14 ( S t a t e )  
1 4  ( S t a t e )  
15 ( S t a t e )  
1 6  ( S t a t e )  
21  (State) 

Classif i- 
From: To: County ca t ion*  

Kaloxa 
Washington 
F a i r f  i e ld  

Sidney 
Colfax 
Newton 
Monroe 
Red Rock 
I<noxvil le 
Ckslriton 
Eddyvi l la  
$216 . (US) 
Deep Bive r  

Washington 

Slrenmdeah 
Nswton 
G r i m e l l  
Red Rock 
Knaxvi l le  
C h ~ r f t c n  

Den~? . rk  
W h ~ t  Cheer 

Washington 
Washington 
Jaff orson/ 
Ven Buren 
Frem~:it 
JP sx)cvr 
Jr, s p c r  
Ke u a i t 2 n  
P~rior, 
Y a r i ~ n / T u c ~ ~ s  
L i ~ c o  s / ~ a y n e  
Td'? 23; l o  
Lea 
P.,?~eshie!r/ 
Izeokuk 

C l a  s sif icr-tC>m 
l e v e l  country, no c u t s  
lcw c u t s  ( 4 1 5 ' )  
medium high c u t s  (15' - 30') 
h igh  c u t s  ( >30') 
v e r t i c a l  c u t s  
graded,  no v e g c t a t i m  
Sust seeded 
new vege te t i3n ,  porr  t cka ,  bs re  zones 
old  v e g e t ~ ~ t i ~ n ,  pcor t e k e ,  b ~ r c  zones 
new vege ta t ion ,  f a l r  
o l d  vege ta t ion ,  f~ . i r  
new v e g e t a t i c n ,  gcod 
o l d  v e g s t c t i s n ,  g o ~ d  



Table 1, ( C o n t i n ~ e d ) .  Occurrence and e x t e n t  of highway backslopes 

Highway 
Number 

25 ( S t a t e )  
25 ( S t a t e )  
31 ( S t a t e )  
34 ( us ) 

37 ( S t a t e )  

65 ( US ) 
69 ( US 1 
78 ( S t a t e )  

78 ( S t a t e )  
89 ( S t a t e )  
90 ( S t a t e )  
92 ( S t a t e )  

92 ( S t a t e )  
92 ( S t a t e )  

137 ( S t n t e )  
141 ( S t a t e )  
141 ( S t a t e )  

141 ( S t a t e )  

148 ( S t a t e )  
148 ( S t a t e )  

183 ( S t e t e )  
212 ( S t a t e )  
268 ( S t a t e )  
273 ( S t a t e )  

From : 

#6 (us) 
Greenfield 
Quirnby 
10 m i ,  W. of 
Albia 
Ottmwa 
Lockridge 
Kt. Ple2sant 

So ld ie r  

Cherokee 
Wapello 

Luca s 
Leon 
Brighton 

Winf i c l d  
Madrid 
Dexter 
Ccuncil Bluf f  a 

Osk~loosa  
Sioux Ci ty  
Ccon Rapids 

#95 ( S t a t e )  
Bedf ~ r d  

#141 ( S t a t e )  
#90 (Sta . te)  
Winterset  
Pit. Ayr 

U t e  
#21 ( S t e t e )  
#5s (US) 
Drakesvi l le  

of problematic n a t u r e  

C l a s s i f  i- 
To: County cat%on* 

Greenf ie ld  Adair CD4 
Creston ~ d a i r / ~ n i o n  ~ ~ 4 / 6  
Washta Cherokee D l  

Albia Monroe D 4  
Batavia  Wapello CD2 
M t .  P l easan t  Henry C 4  
Dcavi l le  ~ e n r y /  s 

Des Moines ~ 4 / 6  
Dunlap Moncna/ 

Crawf crd ~ ~ 1 / 2  
Hols t e in  ~ h e r c k e e / I d a  C 4  
M c d i a p ~ l i s  Louisa/ 

Des Moines ~ D 4 / 8  
#306 ( S t ~ t e )  Luces CD2 
L e ~ o n i  Decet-ur cD3 
Olds washington/ 

Hcnry ~ 2 / 6  
Morning Sun Henry/Louisa C 2  
Woodward BQ ?ne CD4 
W. Des Moines ~ a l l a s / ~ o l k  C D ~ / Z  
1% n i .  E. of 
Council B lu f f s  Po t tnw~. t t an ie  34 
Greenf ie la  Adair ~ ~ 4 / 6  
#21 ( ~ t e t e )  lviahcska/ 

Ke~kuk C ~ 4 / 8  
Eddyvil le  Mahz? s ka C 4  
Ifapletnn Wo ?dbury E4 
#25 ( S t a t e )  C a r r o l l /  

Grecne ~ ~ 4 / 6  
Perry  ~ u t h r i e /  

Dallas ~ 4 / 6  
Carnlng Adacs C 4  
Missouri 
S t a t e  Taylor c4/6 
Adel Dal les  ~ 4 / 6  
Wirtorse t  Macli s cn CD4/6 
Lr,rimr?r Madison ~ 4 / 6 / 8  
Missauri 
S t e t e  Ringgold c ~ 1 / 3  
S o l d i s r  Monona D l  
Nerengo Iawa C 3  
Irwin Shelby CD4 
#63 (US) Davis C 4  



Table 2. Average values of plant yields and 20 soil factors 
in four weatliering z m e s  in till mstterial 

Q.U.T. O.L.T. D.L.T. 
(20) (17) (5) 

Yield (gm. /plot) 

Sand ($1 
Silt ($1 
Clay ($1 
Mean aggr. dim. (mm.) 
Vole wt. (gm*/cc.) 
Wilting point ($1 
~oist. equiv. ($1 
Me Em - W e  P. '($1 
Total porosity ($) 
Aeration porosity ($1 
Capillary porosity ($1 
pH 
Initial N (lbs./~.) 
Nitrif. N (lbs./~.) 
Avail. P (lbs./A.) 
Avail. K (I~s./A.) 
Cation exch. cap. (me.) 
Exchangeable H (me. ) 
Total exch. bases (me. 
Base saturation ($1 

a U.U.T. = unoxidized and unleached till 
O.U.T. = oxidized and unleached till 
O.L.T. = oxidized a id  leached till 
D.L.T. = deoxidized and leeched till 

b~igures in perentheses refer to number of semples of 
which average v21ues were obtained, 

C~vailable wzter measured as difference of moisture 
equivalent and wilting point. 



Table 3, Average values of plant yields sad 20 soil factors 
for two weathering zones in loess meterial 

in different regions of deposition 

Oxidized m d  Oxidized and 
unleached loess leached loess 

Wa E ' Id C E 

Yields (fl./plot) 104 

Sand ($1 18.7 
Silt ($1 69.9 
Clay ($1 11,4 
Mean aggr, diem. (mm.) .036 
Vole w t .  (ga./cc.) 1,27 
wilt. point ($) 9 b O  
Moist, cquiv, ($) 21,O 
M, E e  - W e  I?* ($1 12,O 
Total porosity ($1 5103 
Aerati~n porosf ty ($) 10,8 
Capillery porosity (%) 40,5 
PH 8,2 
Initial N (lbs./~.) 3.5 
Nitrif. N (lbs./~.) 24.0 
Avail. P (lbs./~.) 1.2 
Avail. K (I~S*/A.) 338 
Cation exch. CP.~, (me, I 16.6 
Exchangeable H (me. ) 0.0 
Total exch, bases ( r an  ) 16,6 
Base saturation ($1 100 

% = region west of Highway 71. 
C = region including bnckslope numbers 10, 14, 15, 16, 17 

2.nd 18. 
E = region including a31 backslopes east of Highwey 69. 

b~igures in pzrentheses refer to number of samples of which 
average values were obtained. 

'~vnilable water msasured cs difference of moisture equivalent 
and wilting point. 



Table 4. Average'values of plant yields and 20 soil factors 
for six backslope materials 

- - 

B hor. Buried Ferretto Gumbo- Sand Shale 

A2 hor. zone ti1 material acid alk. 

(10)" (10) (14) (16) (7 ) (2) (2) 

17 12 8 9 52 4 37 Yields (gm* /plot) 

Sand ($1 11.0 35.9 42.2 20.6 77.1 354 9.0 
Silt ($1 53.2 40.8 22e5 31.2 17 , 0 32.7 35.2 
Clay ($1 35.8 23 3 35.3 48.2 5.9 31.9 55 08 

0349 .2O1 a380 .426 .211 .318 -216 Mean aggr. diarn. (mm, ) 
Vol. wt. (gn~./cc.) 1.32 1.60 1.51 1.37 1.60 1.52 1.39 
Wilt. point (%) 16.3 7.7 15.9 21.2 3.1 11.5 15.5 
Moist, equiv. ($1 29.6 19.3 27.2 37-5 7.2 21,b 25.9 

13.3 11.6 11.3 16.3 4.0 1 9.9 10.4 M. E. - W. pab(%) 
Total porosity ($1 50.9 32.4 42.8 55.4 35.7 40.2 4909 
Aeration porosity ($1 10.6 7 d o  5*7 5.8 1?*6 9.0 8.3 
Capillary porosity ($1 40.3 25*4 37.1 49,6 18.1 31.2 41,6 
PH 6.0 6.8 7.1 7.1 8.14 4.6 8.1 
Initial N (lbs./~, 2.8 300 2.6 2.9 5.6 1.8 0.5 

4.3 2.7 3.2 39.0 1.8 6.0 Nitrif. N (lbs./~.) 5.8 
Avail. P (lbs./~.) 9.8 0.6 0.5 0.5 2 1 7.8 0.5 
Avail, K (lbs./~,) 280 119 209 296 139 240 172 

23.0 12.0 21.3 25.8 6.3 13.4 16.0 Cation exch. cap. (me.) 
5.3 2.0 1.9 2.6 0.2 8.5 0.0 Exchangeable H (me. ) 
17.7 10.0 19.4 23.2 6.1 4.9 16.0 Total cxch. bases (me,) 
77 83 91 90 97 36 100 Base saturation ($1 

aFigures in parentheses refer to number of samples of which average values were obtained. 
b~vallable water measured as difference of moisture equivalent and wilting point. 



Table 5. Analysis of Vsriance of Plant Weights 
(tops only) in Fertilizer-Soil Coaditioner 

Experiment on Gurnbotil 

Fertilizer treatments ? 
Conditicner treatmats 4 
F x C interaction 28 
Replicates 1, 
Error 
Total 

39 
79 

LSD fertilizer treet- 
ments 1,076 

LSD conditioner treat- 
ment s -854 

LSD F x C treatments 2,407 

Fertilizer treatments - 

NPK (18.95) - 
N ( 4,001 *-?+ 
NK ( 3 -72 )  31.9 

P ( .69) 4 t  +$ 

c ( ,661 -%+ 

PK ( *65) 4~ 

K ( *d3! *-:t 

Conditioner treatments 

Significance - 



Table 6. Analysis of Variance of Plant Weights 
(tops only) in Fertilizer-Soil Conditi~ler 

Experiment on Kansan Till 

d*f, n.s. significance 

Fertilizer treatments 7 
Conditioner treatments 4 
F x C interaction 28 
Replicates 1 
Error 
Total 

39 
7 9  

LSD fertilizer treat- 
ments 1.643 

Fertilizer treatments 

Conditioner treatments 

Kr (2.50) 
R 

) 
(2.50) ) 

F1 (2.42) 1 no significant differences 
F2 (2.25) 
C 

1 
(2.14) 1 



Table 7. halysis of Variance of Plant Weights 
(tops only) in Fertilizer-Soil Conditioner 

Experiment on Calcareous Loess 

def .  - m e s o  significance 

Fertilizer treatments ? 
Conditioner treatments 4 
F x C interaction 28 
Replicates 1 
Error 39 
Total 79 

LSD fertilizer treatments .842 1.126 
LSD conditioner treatments .665 -890 
LSD F x C treatnents 1,883 2.520 

Fertilizer treatments 
NPK - NP - P - PK - C - K - 

Conditioner treatments 

F?. - F2 - 



Table 8. Lmlysis of Variance of Plant Weights 
(tops only) in Fertilizer-Soil Co~ditioner 

Zxperiment on Aeolian Swid 

d.f, m,s. significance 

Fertilizer treatments 7 266.8380 Y 3 )  

Conditioner treatments 4 11,1763 ~5.o 
F x C interaction 28 2 7327 ** 
Replicates 1 ,6408 
Error 39 .2030 
Total 79 

LSD fertilizer treatments 815 1,091 
LSD conditioner treatments .644 -862 
LSD F x C treatments 1 823 2 -440 

Fertilizer treatments 

MPK - 
- 
** 
3t* 

** 
** 
3 t 0  

St* 

H 

Co~ditioner treatnents 



Table 9. Analysis of Vzriance of Avem.ge Weights 
of Pla:it Tops on Gumbotil 

Treatments 
N levels 
P lzvels 
NP levels 

Error 
Total 

LSD N levels 

Treatments 

d,f , a s .  significance, 

ave N2 levels (38.63) 
ave N1 levels (26.95) xo significant differences 

a v e P 3  levels (36 .28)  
a v e P 2 1 e v e L s  (32.50) 

) 
) no sipif ic,mt differences 

ave P1 levels (29.60) ) 

a 
not included in A, 0, V, 



Table 10a, Anaiysis of Variance of Average Weights 
of Plant Tops on Kansan Till-- 

NP Trcatm~nts 

Treatments 
N levels 
P levels 
NP interaction 

Error 
Total 

LSD individual treatments 
LSD N or P treatments 

Treatments N2P3 --- 

ave N1 levels (17.37) ) 
aveN2levels (14.33) 1 no significant differences 
ave N3 levels (11,22) ) 

ave P3 levels (20.58) - 
ave P2 levels (14.32) - - 
ave P1 levels ( 8,02) ** L - 

anot included in A. 0. V. 



Table lob, Analysis of Variance of Average Weights 
of Plant Tops on Kmsm T i l l - -  

LIP vs. LYK Treatments 

Treatments 7 
(hT) levels 
K levels 

3 
1 

(NP)K interaction 7 
Error 6 
Total 15 

LSD individual treatments 22,794 
LSD (N?) levels 16,118 

Treatments 

no significant differences 

ave N4Pb level ( 2 5 . 5 2 )  ) 
ave N3pj level (13.80) 1 no sig~ificant differences 
ave N2P2 level (13,20) ) 
ave N1P1 level (10.90) ) 

ave KO level (14.39) 1 
ave K1 level (1?035) ) no significant differences 



Table 11, Average ?laEt 11Jeights (tops) of Sudangass 
Grown on Four Subsoils and One Topsoil, 

3,s Affected by Fertfltze? a d  
Soil-conditioner Treatmsnts 

Unoxidized 
Treatment Till Gumbo Ferretto Buried A 2  Topsoil 

"0 = check 

N 3  = 300 lbs X/A 

Fa = a x 100 lbs P2O5/i; 

K = x lbs X20/k, so that x + evsilable K 2 0  = 300 lbs K ~ O / A  

M = minor nutrient solution 

R = soil conditioner (resin) 

bgrms dry weight/3 pots, multiply with 500 to obtain 
readings in Ibs/~, or divide b ;~  4 to co~vert to 
 tons/^ 
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Table 13. Analysis of Variance of Plant Weights 
on Gumbotil 

source def, 
__I__ 

m*sm F'" --- effectb - 
Treatme~it s 
Repl3.cates 
Error 
Tota l  

2-ef f ect 

Fertilizer ' 

( O , N ~ , M ~ P ~  , N ~ P ~ M )  3 3 E4,2'7516 2FlOr08** 
Resin (+,- ) 1 .00253_8 
F x R  

. ozo4e6 
3 .015532 1 .I~,06 

N-ef f ect 
Fzrtilizer ( O , N 3 )  
Resin (a , - )  
F x R 

Fertilizer (N?,l\T3P3) 1 5 a 327324 453,+119** ~ 3 3 2 5 8 2  
Rosin (+,-) 1 .001942 ,025495 
F x R 1 ,001636 b 023355 

M-ef fect 
Fertilizer ($P3 ,N3P31) 1 
Resin (+,-) I. 
F x R  1 
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Table 15. Analysis of Variance of Plant Weights 
on Buried A2 

source d,f ,  m o S a  Fa effectb 

Treatments 12 1,017229 
Replicates 2 

258.339"* 

E r r o r  24 0003937 
Total 38 

Fertilizer 
(O,N~,N~~J'J~P$,"~~PM) 4 2.875112 730.174** 

R-effect Resin (+,-) 
F x R  

1 ,066476 16,882"" 094146 
4 020960 50323* 

Fertilizer (0,Ng) 
N-ef fect 

1 .001386 - 6 021495 
Resin (+,-) 1 ,002266 
F x R  

- 027485 
1 .003141 -, 032358 

Fertilizer ( N ~ , N ~ P ~ )  1 4,337925 1101,835"" 1.202487 
P-of fect Resin (+,-) 1 016375 4,159 .073880 

F x R 1 053645 13.625** * 133723 

Fertilizer (N3P3 ,N3P3K) 
K-affect 1 3 075 

oOl2109 
Resin (+,-) 1 

,063532 
,080922 20.554** -164238 

F x R  1 .005642 1.433 - 043365 
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Table 17. Analysis of Varience of Plant Weights 
as Affected by Levels of P 

soil material source def. - me$. F - ba 

Unoxidized 
Till 

Linear 1 
Residual 
Total 

3 
4 

(Error) (22) 

Gumbot il Linear 1 
Residual 

3,236165 13*850* 
3 

,3284 
.23.355;8 

Total !J. - 19.872** 

(Error) (20) ( .011758) 

Linear 1 
Residual 3 
Tots?l 4 
(Error) (24) 

-- 
Buried A Linear 1 1 307343 

Residual 
3,118 

3 
.2087 

042.3>19 106,480++* 
Total 4 
(Error) (24) (. 001938) 

Tama Topsoil Linear 1 
Rzsidual 
Total 

3 
4 

(srror) (20) 

b 1s the s lope of the linear response of plant 
growth to j successive levels of P 



Table 18. Plant Weights (Tops antt Roots) of Alfalfa 
and Bromegass Grown on Unoxidized Till as 

Affected by Fertilizer md 
Soil-conditioner Treatments 

- - - - - - -- 

TOPS R O O ~ ~  R O O ~ S ~ T O ~ S  

Treatment Alfalfa Brome Total Alf:Brome T o t ~ l  Ratio: 

"0 = check 

32 = 200 lbs N/A 

Pa = a x 100 lbs P2G5/; 

I< = x lbs K 2 0 / ~ ,  so that x + available K20 = 3CO lbs 
K~ O/A 

M = minor elerne~t solution 

R = soil conditicner (resin) 

grams dry weight/3 pots, multiply with 500 t o  obtain 
rea.dings in lbs/~, or divide by 4 to convert to tor,s/~ 



Table 19, Plant Weights (Tops and Roots) of Alfalfa and 
Bromegrass Grown on Gumbotil as P.ffected by 
Fertilizer and Soil-conditioner Treatments 

Tops ~ o o t s  ~ o o t  s/~ops 

Treatment Alfalfa Brome Total A1f:Brome Total Ratio 

" 0 = check 

N2 = 200 lbs N/A 

Pa = a x 100 lbs P205/~ 

M = minor element solution 

R = soil coniiitioner (resin) 

grams dry weight/3 pots, multiply with 500 to obtain 
readings in lbs/~, or divide by 4 to convert to  tons/^ 



Table 20. Plant Weights (Tops and Roots) of Alfalfa and 
Brome grass Grom on Ferretto as Affected by 
Fertilizer and S~il-conditioner Treatments 

- 

TOPS R O O ~ S  KCO~S/TO~S 

Treatment Alfalfa Brome' Total A1f:Brorne Total Ratio 

a 
0 =. check 
L = lime, adjusted to Cz-requirement level 
g2 = 200 I ~ S  WA 

K = x lbs K~O/A, so thetx + zvall~ble K20 = 300 lbs K20/~ 

M = minor element solution 

R = soil conditioner (resin) 

grzins dry weight/3 pots, multiply with 500 to obtain 
readings in I~s/A, or divide by 4 to convert to  tons/^. 



Table 21. P1e.n-t Weights (Tops and Roots) of alfalfa and 
Broixcgress Grc~m on Buried A 2  as Affected by 
Fertilizer cu?d Soil-conditioner Treatments 

TO s R O O ~ S  - ROO~S/TO~S 
Treatment 1 Total Ratio 

"0 = check 
L = lime, adjusted to Ca-requirement level 
N2 = 200 lbs N/A 
Pa = a x 100 lbs p205/.4 
K = x lbs K20/A, so that x + available K20 = 300 lbs K 2 0 / ~  
M = minor element solution 
R = soil conditioner (resin) 

bgrams dry weight/3 pots, multiply with 500 to obtain 
readings in lbs/~, or divide by 4 to convert to  tons/^ 



Table 22. Plmt Weights (Tops and Roots) of Alfelfa p a d  
Eroinegrslss Grown on Tama Topsoil as Affected 
by Fertilizer and Soil-conditioner Treatments 

TOPS R O O ~ S  - ROO~S/TO~S 
Treatment Alfalfa Brome Total A1f:Brome Total Ratio:. 

a 0 = check 
L = ltme, ~dJusted to Ca-requirement level 
N2 = 200 lbs N/A 
Pa = a x 100 lbs P 
M = minor element 
R = soil conditioner (resin) 

bgre.ms dry weight/3 pots, multiply with 500 to obtein 
readings in lbs/~, or divide by 4 to convert to  tons/^ 



Table 2 3 .  Analysis of Varicnce of Plant Weights 
on Unoxidized Till Affected by N 2 ,  
P3 and K Factorial Treat~ents, 

Alfalfa 
Tops 

Brome 
Tops 

Roots 

source 

H;P~K 
Error 

N ; P ~ K  
Error 

N ~ P ~ H  
Error 



Table 24. Anelysls  of Veriance of P l a n t  Weights 
on Gurnbotil ES Affected by N 2 ,  P3 
Factorial Treatments 

source  

Alfalfa N2 
Tops 

E r r o r  

Brome 
Tops 

Roots 

*2 

P3 

N2P3 

E r r o r  

rq2 

*3 
R 2 P 3  

E r r o r  

effect 

3150 

4,5917 

,2716 



Table 25. Analysis of Variance of Flarlt Weights 
on Ferretto as Affected by N2, L, P3 
and K Factorial Treatments 

source effect 

Alfalfa N2  
Tops L 

N & P ~ X  
Er ro r  

Brome 
Tops 



Table 25, (Continued). Analysis of Variance of Plant Weights 
on Ferretto as Affected by 8 2 ,  L, P3 
and K Factorial Treatments 

source 

Roots Id:! 
L 
p3 
K 
M2L 

Error 

effect 



Table 26, Analysis of Variance of Plant Weights 
on ~uried A2 as Affected by N2, L; P3 
and K Factorial Treatments 

sou rce  

Alfalfa 
Tops N2 

L 

N ~ ~ P ~ K  
Error 

Brome 
Tops 

N2L 
N2*3 
N2E 

LP3 ril. 
P3M 
N2LP3 
N2LK 
*zP3K 
LP3K 
N2LP3K 
E r r o r  

effect 



Table 26. (Contlxued). of Varlznce of Plant Weights 
on Buried A2 as Affected by N 2 ,  L, P3 
2nd K Factor iz l  Treatments 

Roots 

source -- 

L P ~  
LK 
P3K 
~ z r s 3  
H2LK 

x2p2K LP3, 
XzLP3K 
Error  

effect 

2.5071 
-,0696 
4,4Lto4 

8554 
-el771 
2,5704 

05596 -. 0296 
,4529 
.boo4 

-01038 
.4621 
-1312 
05179 
.4738 



Table 27. Analysis of Variance of P lant  Weights 
on Tama Topsoil as A.ffected by N2, L 
and P3 Fac to r ia l  Treatments, 

source - m,s, def * 

Al fa l f a  N2 1 
Tops 

a3726 
L 1 10 9755 
P3 1 22.3683 
N2L 1 00590 
N2P3 1 9009 

1 
N2 Lp2 P3 1 ,0176 

,5736 

E r r o r  28  2 3992 

Brome 
Tops 

Roots 

N2P3 
LP? 
K ~ C P ~  
Er ro r  

Er ro r  

e f  r e c t  
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Table 29 ,  Analysis of Variance of Plant Weights 
on Unoxidized Ti11 as Affected by 

Soil Conditioner (R) a d  
Minor Elements (M) 

Alfalfa 
Tops 

source --- 
R 

M 

Error 

F "  effect - 
1 0  -106'jOO 

.009 .I167 

Brome 
Tops 

R 

M 

Error 

Roots R 

M 

E r ro r  



Table 30. Analysis of Variance of P l a n t  Weights 
on Gumbotfl as Affected by 
Soil Co~ditioner (R) and 

Minor Elements (M) 

source d,f, m , s .  F a effect - 
Alfalfa R 1 .5400 ,441 .6000 
Tops 

M 1 ,2360 J93 ,3967 

Error 16 1.2233 

Brome R 
Tops 

E r r o r  16  .6261 

Roots R 1 . lo40 ,062 -*2633 

M 1 1.1354 ,579 .8700 

E r r o r  1 6  1,6725 



Table 31, Analysls of Variance of P lan t  Weights 
on F e r r e t t o  as Affected by 

S o i l  Corlditioner (R) a r ~ d  
Minor Elements (M) 

A l f a l f a  
Tops 

source a 
d e f *  - m.s, F e f f e c t  

1 5.4532 5 .  S18* 1.9067 

1 .35014 .380 -04.833 

Er ro r  40 . 9211.; 

Brome 
Tops 

E r r o r  40 .4052 

Roots S 

M 

Er ro r  



Table 32. Analysis of Variance of Plant Weights 
on Buried A2 as Affected by 
Soil Conditioner (R) a ~ d  

Minor Elements (M) 

Alfalfa 
Tops 

source 

R 

M 

Error 

F a effect 

Brome 
Tops 

R 

M 

Error 

Boots B 

M 

Error 



Table 33, Ana lys i s  of Variance of Plant Weights 
on Tama Topsoil as Affected by 
Lime ( L ) ,  So i l  CocCiitioner ( R )  

and Minor Elements (PI) 

a 
source d,f. meso F effect - 

Alfal fa  L 1 24,9830 10,413** -1,665L - - - - - -  
Tops - H -1- - - - - 3,F992- - - T e P j s  - ~1,0800 

L 1 25,7781 6,576* -2.2933 
RL - - - - - - - -  1 3 02622- - - - 1,262 - - 1.1200 - 
IV: -1- - - - -- . I261 0 052 ,2858 ' 
L 1 20,5147 e0550** -2.6150 
ML 1 LpzO- - - - a -  - - - - - - - - - - - - -  792 - - -:7282 - 
Error 28 2 o 3992 

Brome L 1 26, $015 
"'-7- - - 170539** 1,7288 

Tops - I ? - - - - -  -1- - - -ITo 1221 -1Z!,F87?s -27526s - 
L 1 8,5CC8 5.542% 1.6833 

Error 28 10 5338 

Roots L 1 '10,7351 16,191"" -5,0632 - - - - - -  - I? -1- - - .'/" 26,TlH4- - - 7,7367 - -2,9783 
L 1 211,5960 14,848** -8.3983 
RL - - - - -  1 1a4630- - - -0-- L O 2  9,6983 - - TT -1- - - - - I ,z~ ' ;T~ e ~ 9 3  - - -761358 
L 1 1 2 ~ ~ 5 2 3 ~  8*457"++ -6.3383 
ML 1 505624 3 9 ! ? - - - - - -  -1 e3617 - - - - - - - - - - - - - - - - - - - O -  

Error  28 14,2505 


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

