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1 f a  the naturally f e r t i l e  s o i l s  of t h e  semi-arid 

r e g i o e s  of wor th  h e r i a a ,  espeaielly t h o s e  o f  c l a y  and sandy 

t e x t u r e ,  t h e  p h y s i a a l  p r o p e r t i e s  a r e  highly s i g n i f l a a n t  and 

have  a profoand e f f e c t  upon the p r o d a c t i r e  o a p a c i t y  of' t he  soil. 

Favorable s o i l  s t r a o t u r e  is  e s s e n t i a l  i n  t h e  mainten- 

ance o f  s o i l  p r o d u a t i v i t y .  Under o sy r t em of i n t e n s i v e  o u l t i -  

v a t i a n  d e t e r i o r a t i o n  o f  s o i l  struetare o c o u r s .  I n  the Be& B l o e r '  

V a l l e y  the maintenance  of d e s i r a b l e  a t r u c t n r a l  o h  wciWias 
i s  e s s e n t i a l  i f  maximum c r o p  y i e l d s  a r e  t o  be ob ta ined .  

A a a t u r a  1 d e g r a d a t i o n  p r o c e s s  s i m i l a r  t o  t h e  o l a s s i a a l  

"o o l o n o h a k - s o l o n e t  Z - s o l o d w  s e r i e s  occurs i n  t h e  Bed B i v e r  Val ley .  

Btruatare l a  t h e  w s o l o n e t s m  of Europe and N o r t h  Amerioa has been 

oarrela t e d  w i t h  t h e  s x i s  t i n g  phys i  c e l  and  chemical o o n d i t i o n s .  

The morpho log ica l  o ondi t i  o n s  charac t e r i k t i c  of ~ s o l a n e t s w  a s  

t y p i f g e d  by European i n v e s t i g a t o r s  a r e  known t o  exist i n  the 

Under a r a b l e  o u l t u r e ,  d e t e r i o r a t i o n  of soil t i l t h  h a s  

beaome a problem f h r o a g h o a t  much o f  the Bed River  Val ley .  f a  the  

a l l r a l i n i s e d  end degraded a l k x  l i r r i s e d  phase8 o f  t ho  l o r r i s  S e t 1  

aaeoaia t$, , d i a g e r s i o n  of the a o l l o i d a l  m a t e r i a l  of tbe. g o i l  app.r-  
I 

oeaora. S aa . s$ ive  s t r a e t a r a l  aood i  t i  on h a s  been &ereloge&, 
- 

r ~ a e ~  +hioh ploagh d r a f t  i s  doubled  ( 8 )  a n d  t h e  s o i l  made imgerv- 
7 -  I 

I- - 
1aa8 t o  -h maturs l dagrada t i o n  p r o o e s s a s  and a u l t u r a l  

p r a o t i a e s  hare  been i n v o l v e d  i n  t h e  fo=etjOB o f  nadesirable 



phyrlo.1 p ~ a p e r t i e r  in the haavy trrtarad valley roS1s .  

The i n t a s t i g a t i a a  sf t h i a  problem herain prrrsmted 

has Deem a l ~ m g  three l i n e s .  

(1) & atady of the  phgsiaal s a d  ohemiaal prapertier 
a 

ef v i r g i n  s o i l s  ~xhibitiag bath f a v o r a b l e  and a n i a v e r a b l e  s t r n a t -  

( 2 1  A study of the ahemiaal  and p h y s i c a l  m o d i f i a a t i a a s  

i n  the soil r e s u l t i n g  f r o m  o n l t n r e l  p r a a t i c s s .  

(25) An i a r e s t i g r t i o n  o f  methods o f  phgrio.1 amelier- 



- mrbW-- 
- 3.  

8 o i l  ~ t raatar .  i r  osuaJly d a f i n s d  a 8  the arrasgoreat 

of  s o i l  p a r t i a l e s .  ThCdwcrd w p a r t i o l @ *  r e f e r s  t o  a n y  a a i t  whiaL . 

it8 part of the s o i l  make tap. i r r e s p e a t i v e  af i t s  b e i n g  a primary 

II ( .and,  a i l t  o r  c l a y  f r a a t i o a )  er a seaoadary [ f l e a a a l s t i o ~ )  p a ~ t -  

i ~ l h  The t e w * s o i l  strtxcrb;aren eonseqaently i m p l i e s  r n  r rramge- 

ment 01, primary and ueeonbary p a r t i a l e s  i n t o  a s t r a e t a r r l  pat tera .  

8 t r o a t a r a l  arrangement a s  B e e n  i n  a m i l  by t h e  saked 

eye  of a n  observer i s  genera l ly  oomsidered t h e  aaaro -a trua tura  a i  

a .  r o i l .  The maaro-rtraature i s  however dependent  apoa the arrange- 

aent o f  mlara-straatares w i t h i n  the dimensionrrr of a s i n g l e  Islaera- 

s t r a a t n r a l  u n i t ,  This miaro-atruetare markedly i n f l a e a o s s  ths 

macro-8 trueture,  

genesis o f  S o i l  %truatnre 

Bnter ( 4 )  g i v e s  a n  e x c e l l e n t  review o f  the g e n e s i s  o f  s o i l  

r traatare .  A rnmaary of  t h i s  work is presented here. 

X o a t  o f  the present  day t h e o r i e s  of aggregatfsn are baared 

on the phenomena o f  f l o e e a l a  t i o n  i n  a i l a Q e  sappansf o n .  However, 

f l o e a a l a  t ion and a tab le  a g g r e g a t e  forma t i o n  are  ~ o t  synonynioas. 

F loeea l e s  are  formed when the g e t 4  p o t e n t i a l  i s  lowered s u f i l e -  

i e n t l y  t o  a l l o w  f l e c a a l a t i o n .  Stable aggregate format ion re-  

quires tha t  the primary p a r t i a l e s  be s o  held  together t h a t  they ; 

do  not aispdarse i a  water. A aemsnta t ion  or b i a d i n g  t o g e t h e r  o f  

the i l o o o u l a b o d  pr 'r t io lea  is eeaestary i n  aggregate formr t i o n .  

' b l o o o ~ l r  t f  a. m y  be a a r a m 8 8 a ~  atop i n  the  a g g r a g a t e  preoesr bat 

B $  3 8  rat a6sgrsgaeloa itself. 

Zlr, -tar@ of tha base exohrage' complex ha8 l o n g  beem 

r ~ e d g n i ~ e d  a s  b e i n g  a s a o e i a  tad with a trao tarel aosd i t i oae  of tho 



a f f e a t s  on p h y e i d a  1  properties. P s r a r r b i l l t j  statlies r i a 6  ahan 

d i s t i n a t l y  d i f f e r e n t  e i f e a t s  o f  e a t i o a s .  lots [ S T )  r e p e r t e d  8 )  

O r )  1 > 1 a  f a  producing permeabi l i ty  i n  a a o l l o i d a l  e l a y  aembrasr. 

Pas terr  o f f e o t i n g  a r e a t a t i o n  i n  aggregate f o m a  t i o n  . 

i a a l a b  aehesi a s  bataeen as1  l s i d a l  e lay  p a r t i a l e  t%4+pqv" 
o f f e a t  o f  o r g a n i c  mat ter ,  aad t h e  pm8eaae o f  i r r e v e r s i b l e  i r e a  

o o l l o i 8 s .  The s o i l  a a l l o i d a l  material mag be d i r i d e a  f a t o  a t  

l e a s t  three mria groapo a s  far a s  a e r e n t a t i o a  e f fea t  i s  ooaeeraed 

Zhrg ar.9 ( 1 )  a l a y  p a r t i c l e s  themaeltee 

( 2 )  i r r e v e r s i b l e  o r  s l o w l y  revers ib l e  i a o r g r a i e  
eel1oids 

& a  the  peraeatage o f  e lay  i n c r e a s e s  i n  s s o i l ,  the degree o f  eer- 

r81a t i o s  betueea organla matter and a ~ r . ~ t i ~ ~  a r e r e a s e r .  I n  
- ->x- 

the study a f  a largs grsap o f  r o i l . ,  slag and  d r g r a i c  m a t t e r  

were  feund t o  be equally s i g n i f i o a n t  i n  asasing g r a n u l a t i o n .  In 

a s  o a l l e d  Wlater i t i cw  soils the i r r e v e r s i b l e  iron a o l l a i d s  an8 

p o s s i b l y  i r r e v e r s i b l e  a o l l o i d a  o f  alumina a r e  mainly  re spsns ib l e  

f o r  osmenta t i  on. 

Certain p h y s i o a l  processes a re a s s o a i a  ted w i t h  the 

f o m a t i s n  o f  % o i l  s t r u e t a r e ,  Rapture i s  caased i n  a mass ive  soil 

oompler when unequal s t r a i n s  a r i s e ,  The a a t f o a  of a l t e ~ n a t c ~  wet-  

t imp aad d ry ing  i a  two-fofd,  aakpaal r t r a i s a  due t e  axpaa- 

0 i o a  and eantrea$iea a p i ~ e t  r irtoal  explsrieas rap ecear 

wksa thct p ~ ~ . s r a r e  sf the entrapped a i r  in a wet ted  s e i l  o l ~ B  

rzre.ll. the deerre of  aoheaioa  e l  tho r o i l  p u r t i a l e ~ .  C e s d i t i a l r a  



a soil, An optimum amonst  o f  molatare Ss n@csaaary t o  achieve 

maximum e f f e c t i v e n e s s  o f  t h i s  acrf iaac If the s o i l  i s  e x a e r e s f r e l y  
iL w e t  this p r o c e s s ,  i n  aombiaa t f  on w i t h  spring r a i n f a l l ,  may asuse 

d i s p e r s i o a .  These efieats a n  a g g r e g a t i o n  a r e  more or l e s s  temp- 

$od erops  promote  soil g r a a u l a  tisa. Sev era1  theories 

have been advanaed i m  e x p l a n a t i o n ,  sQoh 

( a )  Root s  areate  p r e s s u r e s  when g r o w i n g  i n  a a l o d ,  thus 
forming  g r a n a l g a .  

( b )  Changes i n  moisture o o n t e n t  oaased  by the uptake ef 
w a t e r  by the r a o t s ,  resal t  i n  a a e q a a l  stress, and 
aaraae grantala t i  oq.  

( a )  B o o t  s e o r e t i a n s  may h a v e  some cementing o r  e o a g a l a t -  
i n g  e f f e e t  a p o a  a a i l  p a r t i a l e s o  

( d )  Deoompositi  on of  r o o t s  by micro-ergenisms prodaaea 
sticky deoamporei t i  an prodaats ,  

The r o t t e n  of r o o t s  in granulatioa 1 8  accepted a s  b e i a g  8s 

important  a s  any o t h e r  f a o t o r  i n  produdiog s t a b l e  a g g r s g a t i o a .  

Summarizing, i t  would appear t h a t  a g g r e g s t e  f o r m a t i o n  - 
s o i l s  depend8 upon? 

( a ) , - '  the presenae o f  primary p a r t i c l e s  t h a t  a r e  s n P f i ~ -  
$, i e a t l y  amall i n  s i z e  _. .L 

( b j  the c o a g u l a t i o n  o r  f l o c o u l a t i o a  o f  these p a r t i a l e s  s o d  

( 0 )  the  a m e n t a t i o n  o f  t h e  ooagulated m a t e r i a l  i n t o  s t a b l e  
a g g r e g a t e s ,  

.L - 'I 
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Hlnnelretia h o e  smggeste8 i t  is t h e  ~aagmaerrinrn a a f i o a  whiafn i s  

reapoaqible f o r  the d i s p e r a i o m  of  th.86 r o i l # .  ~ e s t  aad Amos- 

i a t e s ,  Illl'ir asd Oaldwel l  ( 2 0 )  a n d  X i t a h e l l  and  Biechen ( 4 2 )  

aoaourred in the finding t h a t  if mrgaerium i a  not  t h e  demisan i  

ion  i n  the clzoknge o o s p l e x  o f  the A horison o f  Bed R i v e r  s o l o s -  

e t ~ ,  i t  beeopes doniiaant w i t h  i n c r e a s i n g  depth .  Thssa r o l s a -  

r t s i o  soils h a v e  b e e n  termed @'magnesium solo net^" by B l l i a  aad 

Q a l d w e l l  ( 2 0 )  on the basis that  the term * s o l o n e t g *  r e f e r r e d  

on- ly  t o  t h e  straetare o f .  t h e s e  s o i l  a n d  d i d  not a o r r e s p o n d  t o  

the e l a s s l o e l  i d e a  t h a t  w ~ o l o n e t s "  is synonymom w i t h  aodiun 

soil* 

The characteristic 8 t r u e t a r e  o f  these s o l o n e t t f  0 

s o i l  types appears t o ,  be  o l e a r l y  conneated w i t h  t h e i r  p l y s i o a l  

and ohsmiaal  properties. 4. 3. de S i p a n d  ( 1 5 )  desoribes tho 

impenaeabf l i ty  o f  t h e  s o l o n r t e  s o i l  t o  be  due t o  the closing o f  

the s o i l  pgres whioh takes place  when the o o l l a i d s  swell. A 

d e f l o c e n l s t e d  a o n d i t i o n  ex i s t s  whfoh oau8es the a o i l  t o  beaoma 

hard a n d  t o  a r a o l  deeply  on drying. He notes that  there aon-  

d i t i o n s  are most apparent I n  l e a e h e d  a l k a l i  sailr. f n  the  Bed 

River s o i l  o s s a a i a t i o n ,  phyeiaal o o n d i t i o n s  s i m i l a r  t o  t h e m  

4esar ib .d  by do S i p o n d  h a v e  been reported by f3rldwell  (11) .  
k 

G)linhP (26) elassif ire  t h e  Russian a&i l tbe&@n* i a t e  
4 

t w o  greape an morpholcgiaal &iff  eretoaer alonet- B o i l s  w i t h  

atrrrator6, r o l o a e t r  r o i l s 3  r o i l 8  withoot straotor@, a l i a %  a o i l r .  

4~ J* d r  B % p o n d ,  (16) obarrte8 t h a t  a l h l i  8 o i l s .  offer $he b e s t  

i l2as trr t i6o  ef the a l o e 6  eonnec t iaa  between the physiaal pre- 

parties @Z a  soil aad the o h e m i o a l  c o m p o s i t i o n  o f  t h e  a b a o r b i a g  

oonplex. 



.Of the B.8 B i ter  A r ~ ~ o i a f  i o a  i n d i o a  tee  %ha ielloriagq- I .  
0 

1. !&re@ s t a g a s  ef &erelapmeat .risk whish reprerea* .t@g 
i a  e o l o d i e a t i a a .  

2. The todirun oontent of soils is n o t  hl&h @aoakh f a r  %ha 
a l l u l i  sai ls  t o  be e l e s a i f i r d  a r  waodfrrm crolanetsM. 1 

8. I h e  exohaageablr raagneaiaa a a t i o o  is the f s a t o r  reapear- 
i b l r  f o r  the ro1 ,onets ia  stroetore in the  a l k a l i  st3ilr 
of the.  Bed River  & # r o e i a t i s a e  

the Red River Valley is a v a s t  laaustriae a l a y  p l a i a  

stretahiag from S t o o g -  fteuntaim i n  Raaitoba ebrthwarb i a t o  the 

r t e t e s  of Worth Dakota aad l innec la tr .  Phis a r e a  was fam.@p 

oeatral  B a s i n  o f  g l a o i a l  U k e  & g a s s i s .  It  i s  d r a i n e d  by the tad 

B i v e p  flowing northward and emptying i n t o  lake W%~n$pel$e .,. 

& reooana i sance  8 0 1 1  survey sf the v a l l e y  was a o a & x a t ~ &  

by the ao-opera t i r e  e f ferts  a i  Dominion and P r o r i a c i a l  Seil Spec- - 

3. H e  L l l i s  o f  tho Sails Degsrtrnent, Or%- 
- .  

, vera i ty  of ~ a a i t b b a , . ,  i n  oharge. ?he s o i l s  oooar, ing i n  the Be$ 

B i v e r  V a l l e y  area  w e r e  a l a s s i f ' i e d  aaoord iag  t o  the ilikif o r a f f  

gy6tem o f  s o i l  a l a s s i f i a a t i a a  (19), those  & e r a l o p e d  o n  the 1.0- 

 striae s e d i a e n t s  were o l a s a i f i e d  a 8  t h e  Bed River Ssi l  h s r a e -  

*Literatwe reference. 

Eodrratedy graaalrr, ray agperrr 
weakly eorrrre oolutanar rhea  - Q ~ J  
beaaase of shrinkage Qrraka. 



~ r t j m a i  oais 

Comareti aaa r -  !!!be h o r i s o n  i s  h ighly  
i~ terrperrs i l  with grarr  
ree te .  

Beatral to alightly 
alkaline. 

3e.lsween very dark grey 
($4.5 Y S/O) and d a r k  g r e y  
brown (2 .5  T 8/81. 

S t r u a t u r e  1- Amorphous. 

I 

@ l a y .  v 

3tructare:-  Weakly medium eolurnaar I s t r u a  tare whioh breaks 
dawn t o  graaalar aggreg- 
a t e s  under moderate 
pressureo I 

Oansistencie:-  Hard when ary; m o d e r a t e l y  I s t i a -  r a d  very p l a s t i a  
ahem moiat. 

l f a t r u s i o n s l -  V i t h  d a r k  tongued  i n t r u s i a ~ s  nnve,  
Bearat isnt-  ASkaliae, efferoeaoem - -  a 4 

slightly, 

Dark grey brswa t o  g"ripish Browa (8 .5 Y 4/81. 

C l a y .  4 

6 

C o s a i s t e n a e r -  Ertrerely hard  whea dry; very stieky an& 
very p l a s t i e  when m o i ~ t .  

Beac t ion : -  Blkaline, eff er+esaes strongly. 

Color:- Greyish brown (2.5 Y 5 /2 ) .  

Texture  8- ~ l r y ~  

Stractnrst- Amorphoae~ 

0 o a s i s t e n c r ~ -  Brtrrmelp hard when dryt*rery  st ia*g and 
very p l a s t i e  whea m o i s t .  

1;rmtra.tef oas 
a aaa 

t!!aarsre$fsagt- llslsloll e a l e i ~  carbanate  eoaeret ians srs 
$ ~ @ * 9 l t .  

S ~ l @ n a -  I lhl l imr,  effervesoes stroagly.  

- 9  - 



B a t i v e  Veget-  
a t i o n ; -  

Pa. sgp. ,  g o l d e n  rod, saa i lrrrrd 

Very dark g r e p . ( l O Y R  3/1) 

Clay- 

Modera tely g r a a n l a r .  I 

O o a s i s t e n o e  ;- 8ard when dry; moderataly 
p l a s t i o  a a 8  moderate ly  
st iolcy when siei8t.  

I n t r u s i o a s  a n d  
G a n c r r t i o n 8 ~ -  The horizon i d  highly i n t e  

spersed w i t h  grass r o o t s + '  

S l i g h t l y  a l k a l i n e .  

Dark grey brown (2.5I 4/2) , 
t o  greyish brown (2.511 5 / t I l  

* I 
Texture:- 

Struatare t -  

O o n s i 8 t e a c e r -  Very hard w h e n  dry;  vary a t i c l r y  andy.wfiry1 

Clay .  3 

X~trasioss and 
Oosare t i  one 8 -  E r l a i w s  s a r b a ~ a t e  eon 

asd  r few gypsara ergs 
h o x i s ~ l i .  C- 

5 



Ooari . t rsaer-  V e r g  hard when dry; r 8 r j  
very p l a b t i ~  when m o i s t .  

f a t r n r i o a s  and 

Alkaline, effervesces straagly. 

w & e r i a l s -  Laaastrins a l a y ,  
I I 

:&!~pograph~~ - . Bnooth, , b a s i n  like. 

25% one  - 

- l t erra in  wi th  0 s l o p s .  ite. 

P o o r l y  d r a i n e d .  

B o n e .  

$wale a n d  t a l l  p r a i r i e  g r a s t e e ,  
+.golden rod, aaters ,  p l a n t a i n ,  eta*  

Texture - 

Intrusions a n d  
O o a o r e t i o n e l -  

btraa tare, - 

Very h a r d  when dry; . 
v e r y  s t i o k g  and very 
p l a s $ i o  when rnoiat .  

Phe h o r i s o n  i s  highly I.-. 
i n t e r s p e r s e d  with gram 
r o o t s .  Eaterla1 from 
t h i s  h o r i s o a  i s  tooguedl 
into under ly ing  horlsord 

bark grey brgrn 
I8.e r 8/61 



1 1  + 45%: . I d  . . hoaei+tersr*.-  . Ir0relaelg hara rhea dry4 ?.rg 8t iaW . am!- 1 

. ;.. . aaQ vary p l a 1 ~ 9 i a  rhea r a i r t .  I '  * I 

l!hautioaa- I$+trr l  a t  the t o p  sf the hor i t ea  
grailoally o b a e i n g  t e  allcal lme a t  the 

I 
Bett~trm of the Boriaen.  

~ I r b  grey brore (2.5 T 8/81 

Extremely har8 when drys very cltioky .ail 
verq  ple&vQm vbsn a o i r t .  

.. ' 

I ~ t r n a i  on@ an8 I 

O o n a r e t f o n s g -  Oaloiam oarbons t e  a o n a r e t i a n s  are prmqgat, 
L 

R e a ~ t f  o n t -  Alkaliae, effervesaea atroagly. ' my 3 
I ' L A . ~  * .  

b e o l e g i a a l  : >:L 

P a r e n t  , !;;c 
Ea tg,ria 1 :- . . 

Smooth l e v e l  terrain w i t h  less thaa 6, 1 
parcent  s l o p e .  A10 I - 

4 .  

- . ..> 

Intermediate ly  d r a i a e d .  Bra inage: -  
' . 

S t o n e ; -  

gatilse 
B e g e t a t i o a ~ -  Dominantly grasaes. Herbe saoh 

gumweed, aad g o l d e n  red are' rela 

Epd River qa X o m ~ p h i c  Assoafate--lorria Clrg; 
~ d e n r ~ e d  a l k a l i a i z e d  phasol 

S e r i e n  De- 

0-S* B a l o r t -  

Clay. 

Strongly c o a r s e  gra a*'  
n l a r .  

Oees%straeet- tam h a d  w h m  dry: 
rrretaoraQelg si;iaky aad 
medera %sly  p l e a t i o  
* @ i s  rsPmQ+ 

& # & ~ s w #  % a  h%ghly 
g@**l?ap2m& w%*h 
$bfeIrdagit gmadr r ( ~ e t # .  
@#it r6t)ri.l irara $hi. 
k @ r P l s a  i* tern sd %n*o 
nnderlglrg h e r  f" roa8, 

- 12 - 



b tructare g -  Round-topped very 
coarsely eolarnnar 

F ( o l o d l i b e ) .  

o o n s i a t e n a e r -  Bxtrelaely hard when 
8ry; very s.f;ickg sad 
very  p l a s t i c  when m o i s t .  

Reaction:- Eeutral  t o  s l i g h t l y  
acrid, 

J!I_ote~- An a s h l i k e  d u s t  i s  f oand on the  
t o p  of the  raaad tapped eolumns 
o f  t h i s  hor f  zon. 

I . @  - 15-24" C o l o r z -  Very aark grey 
( 2 . 5  Y s /o) .  

Texture 8 -  

$ t r u e t a r e :  - Breaks i n t o  EBB' s a i v e  $ I I I O F ~ ~ Q O S  
a l o d s  of very large proportions. 

Caasistenceg - Extreaely hard when dry 3 very 
s t i a l t y  and  very p l a s t i e  when m o i s t .  

R e a o t i o a t -  R e u t r a l  i n  the s p p e r  p a r t  t o  alkarlisie 
i n  the lower part  o f  the Borieron. . - .  

Dark grey brown ( 2 . 5  Y 3 1 2 ) .  
m 

Texture  2 - Clay. 

Struetare - Amorphoas. 

C o n a i s t e n o e  :- Extremely hard when dry: very stiaBy 
I and very p l a s t i o  w h e n  m o i s t .  

I a t r u a i  OBS and 
Conoreti008:-  Oaleitlm carbonate  o o n o r e t i o n s  are 

prese-ml~ 



t o p d p . p u r -  @&oa'tb frvel  t r i v a f r  w i l t &  i u r l  $ha. 
d r l  paraeat %lop& A l e  ' 

Bra iaaga, t - Intmmraedf a t e l y  drained.  

. Ha e i t e  - - 

~ m L ' m m . ~  y#f. .. I;& 

V e g e t a t i o n  8 -  D o m i n a n t l y  grasses, w i t h  a f e w  berB8 
such a s  p a r r o w  a n d  golden rod .  

The phytomorphia o r  bet ter  d r a i n e d  member of bhs Bedl 

River Soil Arrclooiatioa is the  most product ive  soil C ~ ] j e  and 
. :m 

c o m p r i s e s  a b o u t  f i9-l;een percent o f  t h e  A s s o e i a t i ~ a ,  
-3 

high organ ic  m a t t e r  e o n t e n t  s a d  degree o f  f r i a b i l i t y  e h a ~ a c t e r t r a  

this soil, The objeeit i  onable a t r n a * a r a l  c h a r a c B e r i s t i a s  of $ha 

a l k a l i n i s e d  types d o  n o t  eaaur. This a s s o a i e t e  i s  w e 1 1  adsp2e4 

6 0  f i e l d  a n d  forage  s r o p  cnl.t;ure and  i s  also sn i - tab le  f a r  mas$=eQ 

g a r d e n i n g  an& the p r o d u c t i o n  of high a e m  - va lue  raw c r e p h  
pB ii $ ;. I: p ,  7 . i . .  .~q#* phe hydramorphia membe;' o r  the m b s d o i  a 

a s s o e i a  t i a n  is the d o m i n a n t  associate, aomprising f o r t y  pe~aanB 

of the t o t a l  area.  Borrna l ly ,  t h i s  soil i s  under the inf laeaae  

of water due t o  the absence o f  relief an& t h e  flat topogreph~ ,  

Drainage is t h e r e f o r e  the  ahief.proglem,inP2thi,8 6 8 4 0  3!iatro Two 
- %- . m a .  

ghases ocaurt-  the s a l i n i a e d  phase, and  the  aon-salinize8 phaes.  

D r a i n a g e ,  a s  acaomplished by d i t c h i n g ,  has been none 

t o o  e f f e o t i o e  i n  i m p ~ o o i n g  t h i s  s o i l .  Then exaes s ive  ameaats of - 

ra i n f a l l  ooour,  c r o p  l o s s e s  due  t o  i n u a d e t i o n  a r e  o o n s i d e r a b l s .  

The p r e s e n t  a r t i f i a i s l  d r a i n a g e  system i s  a d e q u a t e  t o  remove 

marface water q ~ i ~ k l y *  

'Peg@thor, the s l k a l i a i l r ; d  a n d  the dsgraded r l . s l i ~ %  

*re+ of the halrrorphia $ p i 1  asaoa la t . ,  a o a a t i t a t o  thir%r-IBW 2 

perss~t of $he a s d o s i a t f o n ,  Iha degraded s l k a l i a l g s d  sa%l &a 

d b a @ i d e r e d  t o  be e high ly  a l k a l i n i s e d  s a i l  t h a t  ha4 anderge@@ 





Roil samples f o r  l a b o r a t o m  analysis were %ahso irba 

each of a  a m b e r  of profiles repr~ssntative o f  the a s r a a i a t i a l r .  

b p i t  was dag i n  the f i e l d ,  and the samples  were taken f r p m  

asre of s o i l  left s t a n d i n g  i n  the o e ' n t r a l  p a r t  of the p i t *  

me . o i l s  ware sampled by d e p t h s ,  oorreapondidjg  ' m i f i e  

moxphologiorl h o r i z o a s ,  down t o  the  level of  the lime orrRoaat. 

acoumulation. 3haso sample8.  were crrtbjeato8 t o  the fellowlag 

laboratory d e t e r m i n a t i o n s .  

methods used i n  t h e  d e t e r m i n a t i o n  o f  t s t h l  oarbop, 
. . 

inorganio  aarboa ,  a i  t r o g e n  and  r e a a t i o n  are  a 8  follows3- 

ah6 o r g a n i o  asrbon w a s  determimad by analys i lrg  the* 

ramglee for f o t a l  oarboa by a w e t  aombustion proaedurr .ad mzb+ 

trrs t iag  the iaergaaie  eerbon obta ined  by a d i l a t e  hydroah1e"rlo 

a @ i d  artvast  meth6de ,The wet  cornbaation method was a b a p t s d  f r o m  
- a a o m b i n a t i o n  of t h e  methods o f  bdams (1) and Wayoeck'nith S W @  

i .  

m o d i f i c a t i o a s .  The soil i s  oxidized asing a saixture of rati~rla -- 
a d d  and ob!nmic t r i o r i d e .  The carbon  a i o r i d e  e v o l v e 6  is dried4 

passing i t  through a aa lQar ic  m i d  bath and o v e r  oaloium r ; h l @ ~ -  
- - 

id6 and magnesium pereBEsrate crystals. Any ohlorit lee preseat 

are removed by passing the gas aver amalgamated si~a. LEN eaa'brr 

d i o x i d d  is c o l l e a t e d  and nelghea i n  a Xerbitf tab. a o a t a i n i ~ g  

tAi S 
!#&a f ~ e r p a i r r  earbaofhetarmined by a s i m i l a r  systcla 

0 

rrr 4.la,$tmibed r % o r e .  The errtion dioxfate was extraaP;aQ bg ream# 





phjtoaorphic . I 8 @ a l a  t e e  Although t h e  o rgaa i a  e a r l e n  oan0aat  

e$ the.. r o i l s  i r  not 18 high a s  f a a n d  i n  the rarfaor hariaan 
1 

o f  the  degraded a l k a l i o i s e d  phase, tha depth @f maoarnulation 2s 

greater  and no impervious B h o r i z o n  e x i s t s  b e ~ e a t k  the A, 

The inorgan ic  oarbon  o f  the Red River  phytornorphic 

a a s o o i a f e ,  p r o f i l e a  So. o n e ,  t w o  a n d  three iaoreaaed w i t h  

aepth 5a the aaaces8ive hor izons  a t ad i e8 .  This i s  the  normal 

a o n d i t i  on i a  well d r a i n e a ,  b laok  earth s o i l s .  I a  t he  degraded 

alkzalinized croila, p r o f i l e s  Bo.  f i v e  and r i x ,  an a p p a r e n t l y  d i f -  

f e r o n t  eondi t i  on e x i s t s .  There is a deareere i n  i a o r g a a i a  aar-  

boi wi th  inoreas ing  s o i l  dep th  u n t i l -  f r e e  oarboaate  i g  aaaoua- 

tar!@ p g  - 0 b ~ 9 r ~ e d  l a  e r ~ 2 p h o l o g i a a l  a ta i l i es .  

The r e a o t i o a  of t h e  s o i l  ho r i zons  a l s o  fo l l ow  th* same 

pat tern .  I n  t h e  lIorris a s a o a i a t e ,  a l t hough  t h e  earfaae herilroa 

#s e l a t r a l ,  t he  B l a n d  B2 horizon. a r e  s l i g h t l y  a e i d .  
L 

This iba 

' m m ' i l e w c l l l y  oaured by a m o d i f i a a t i o a  of t h e  base exahongo aompler 

i a  whiah the e r o h e n g e a b l e  baeea a r e  replaoe6,to  some extent ,  by 

hydrogen. The surfsoe horisona o f  the phytornerphic p r o f i l s a  
' I . . -  2 

were f o u n d  t o  be neatral w i t h  the  degree o f  e l b t r l i n i t g  fnore@1- 

f i l e s  a s  was found in  the ltorrir .oil p r o f i l e r .  

The n i t rogen  aontent o f  t h e  s o i l  h o r i z o s s  u s u a l l y  i a  

found t o  e x i s t  i n  a more o r  l e g s  d e f i n i t e  r a t i o  t o  the argaaie  

aarbon c o n t e n t  o f  the s o i l .  f a  most s o i l r  this r a t i o  i 8  foaaa  

t o  be .boot 10gl. Ihars is, however, r v e r y  wide diserepaaoy 

% a ,  ifhe a1 raa 1P h o ~ i r o a r ,  end t h e  $ h o r i s a n  of t h e  degradrl 

r l l i a l i a i s s d  and the alkaliaized soils, reapeatively. gigh 

earboa n i b r o g e n  ratios e x i g t  which cluggsat t h a t  t ho  organza 
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mrtmrial e a a o r ~ h i g  i n  tiha$@ Ensrisonrr irs di f ferumf .  09 the 

m i g h t  be 8uo t o  the a d v e r s e  a o ~ 8 i t i s n a  f a r  b i s l o g i a a l  a a t f r i t g ,  

and,  thorefore, the  slew d e a o m p o s i t i o n  r a t e  o e a a r r i a g  i n  the 

hsr iaens  sf the Xorris s o i l e .  

)he baa. erahrngcr o o r p l e r  ~f a h i g h l y  a r l l o i d a l  ..$I 

exerts a s t r o a g  i n i l a r n a e  upen the p h y s i e a l  e e n b i t i o a a  pr@aent 

SP the s o i l .  . 

D e t e w i n a t i o n r  of the t o t a l  b.08 erehaaga erpar i tp  atam 

the bars6 erahaage s t a t u s  o f  the  8 0 i l 8  w w a  aom&~crteQ. X t  W a r  

aeaeaaarg t o  adapt the r e t h a d s  used t o  t h e  a n a l p s l a  o f  the  

heavy c l a y  s o i l s ,  a s  a crrnsll sample ,  a n d  a minimum amauat of 

f i l t e r i m g  are desirable when d e a l i l l g  with highly o e l l o i d a l  

f i )  Itsthod. 

Ihe ammonium a c e t a t e  method a s  o u t l i n e d  by kiper (471  

w a g  adapted  f o r  u s e  l a  base  exahange r n a l y s i a  o f  these s o i l s .  

Ten grams of s o i l  were a s e d , a s  l&sr q u a n t i t i e s  would e r a s @  

I 

very alow, if  n o t  i m p o s s i b l e  f i l t e r i n g .  The volume o f  

was reduce8 t o  f o a r  hundred m i l l i l i t e r s  t o  a h o r f e n  the p e r i o d  

of tfne required f o r  f i l t e r i n g .  

r r o  ihalrea with t e e  (grams o f  s a i l  fsr f i f teea  niaatua aad tk9 

mixtare &aleredl t o  stan& ever ~ i g b t .  The s o l m t i a a  war i l l t e n d  

U l l @ g k  *hrlaaa Ha. 48 f i l t ~ r  paper ssd the  r e i l  raaidar waslied 

nsth' ammomior aseta  t r  rralat ioa arrttl tho r o lme of e x t r a a t  
J 

rea8ure4d fonr  haadred m i l l i l i t e r s .  If any t a r b i d i  ty was preseat  
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X*'l 
z .  

Zunarb& tar ,  th-ep ~ ( 1 1 0  p e r t  ltsred thr oogh--a drr Rlratmn 
i , -  

Bsi $'b ii1a.r paper, h o  la i l l i l i trrs  of t o l o s a b  wbxe t h m  

r b h d  t o  p m v s n t  s o u l d  growth in $he extllsata, 

A n  a l i q u o t  of the leaohate,  was a m a l y s e d  f a r  aale2uslt 

and magnes ium u s i n g  t h e  b . 0 . A . C .  ( 2 1  m e t h o d s .  The a e l a i u m  nss 

p r r s i p i t a t c r d  a s  the o x a l a t e ,  i g n i t e d  aod  t h e n  weighed a s  a a l -  

aiom o r i d s  . Eagnesiam wag p r e a i p i  t e t e d  by sodium ammoaiam yhos- 

phete, forming magnes ium ammonium phosphate.  f f  w a s  then i g n i t r d h  

a n 8  we'ighet2 a s  magnesium pyro-phosphate. 

' The e x a h a n g e a b l e  p o t a s s i u m  waa  determined by t h e  method 
8 

d e s c r i b e d  by Dr. Volk ( 5 7 ) .  P o t a s s i a m  i s  p r e c i p i t a t e d ,  uaiag . 

sodium c o b e l t i n i t r i t e  a t  a c o p s t s n . t  l o w  temperature.  The doable 

s a l t  s o d i u m  potassium a o b a l t i n i  t r i t e  p r e c i p i  ts t e s  o a t  l a  a 

d e f i n i t e  r a t i o  o f  sodium t o  p o t a s s i n m ,  d e p e n d e n t  upon temperatare. 

s%andard o f  known p o t a s s i u m  c . o n o e n t r a  t i o n  was a a r r i e d  d a r i n g  

the d e t e r m i n a t i o n  t o  give a w o r k i n g  c a l i b r a t i o n  f a a t o p .  The 

f a c t o r  is d e r i v e d  by d i v i a i n g  the known w e i g h t  o f  n o t a s s l a m  pre- , 

o i p i t a t e d  from the  s t a n d a r d  by the  w e i g h t  o f  the  p r e a i p i t a t .  a$ - -  

sodium potassium ooba l t i n i  tri ts. T h i s  f a c t o r ,  when multiplird 

by the weight of precipitate o b t a i n e d  from a s o l u t i o n  o f  nakna=n 

a ~ n c e n t r a t i o n ,  y i e l d s  t h e  amount  o f  ~ ~ o t a s s i a m  p r e s e n t  i n  the 

l e a o h a  tea  

Sodium w s s  d e t e r m i n e d  using a n  a d a p t a t i o n  of I a h a n e t a  

method as reported by P i p e r  ( 4 7 ) .  The s a d l a m  i s  p r e s i p i t s t r d  

ar ing  a s o l a t t i a n  of ursnyl magnesium a a e t e t e .  The s o l n C i o r  %a 

if &*lMd M ~ a a g b  s Baealr sruaibre a o d  the p r e o i p i  t a t e  dried 

sal w 6 i # h a @  i s  the farm of the t r i p l e  salt. 
s 

% e t a 1  b a s e  exahanga aspao i ty - - .was  detenniaed by s o d -  

i i i b s t i c n  o f  the  method of Chapman a n d  Xelly. .  (12). The maesr alarnoll- 





I----= - .w 
iam i a  ~erqtell i r b m  t k a  boil trri&re by lqaahing with nsaety- 

f i v e  percent @thy1 a l a o h a l r  !?!As praoesr i s  & i s o o a t i n a e h o  a i % W  

s u f f i a i e n t  s l a o h o l  has Beea aBded t o  remora the ere@ ammoair, 

o r  a n t i 1  colloidal material  from the s o i l  residue begins t e  prer 

through the f i l t e r  paper. The ammonia r e a a i o i n g  in the soil 

r e a i d a e  wao thea determined by distilling Ohe ammonia in*@ 

r t e n d a r d  a a i d  * s i n g  the K j e l d a h l  8iefilla t i o a  apparatas. 

@he method oqtlined by ~ronn'q?) 'was aged in the d a t e r -  

l a i a a t i b a  o f  the  aillispaivalentcl o f  e ~ c h e n g e a b l r  hydrogen. !!he 

hydrogen i o n  a o n c e a t r a t i o a  o f  the . arrrmonim . . . -  aaet ta te  s c l o t i c a  and 
8 . . I .  . - '  ..- 

o f  tho leaahate  are d e t e r r i a e d  using a #glars @lWtr@&e. IJBQI~EB~ 

the hydregem i o a  a o n a e p , t r a t i o n  o f  tha ammanirun a e e f a t e  solatfba 

before clad after l eaah i . ag ,  the rillbqairrlrnts o f  hydrppa 
# 

present oa fhe a b s o r p t i o n  aomplex o f  the s o i l  ere d e t e r r 5 ~ a b l e .  

(is) batare 

9he reralts  ebte iaed  i n  t h i s  study are given i s  ?!able 
k 

( i i i )  Dfrous8ioa 'of Results. 

An examination o f  the results f r o m  the b s e  exahslrdi 

d e t e r r n i n a t i  on8 reveal  o e r t a i n  i m p o r t a n t  &if ferences betwee& s ~ 2 1  

A dirorepaacy i s  n o t e d  between the t o t a l  a ~ m o a i u m  ab- 

r o r b e d  i n  the d e t s n n i n a t i o n  o f  a b a o r g t i a n  eapae i ty  and the 

sf the t o t a l  b a s e s  plu8 hybrogem. Phrbre&ieally, t h w e  figtag*@ 

iheald approxi&ta t o  eaoh ather. 1Celley as8 Brown ( 8 5 )  raper* 

. f a  the dstesaalaat ier  sf replaceable saleitun a s  the aarbeaate i r  

r o l a b l r  i n  a o l u t i o a r  o f  a l l  the oolamoa s a l t s .  Apparently 



r .  

p ~ o s c r l ~ l y  laagntr&larm asrBoocl t r  i a f  srilsrlng- ni th the, t o t a l  %amst$ 

and hydrogen da%s,  The aoiZs tha& show the s i d s 8 O  d i s a r e p a ~ a y  

betweea total baqes  p lus  hydrogen a n d  a m a o n i ~  absorbed wars 

preaioas lg  fonnd t o  be those whiah h a v e  t h e  highest i n o r g s a r o  

%he dom5nant bares ere the d i v a l e n t  a a l a i a m  s a s  mrg-  

nesiam a a t i o n a .  B a ~ e r  ( 4 1  suggeeta t h a t  i t  i s  t h e  magnesium 

t o n  whiah i s  r e s p o n s i b l e  f o r  the development i  o f  the bad a f ~ a ~ t -  
- 

axe gresent i n  %agneeium s o l o n e t z w  s o i l s  a s  i t  a c t s  muah a s  

moaoralent i oaa i n  i t s  i l o o c u l e  t i o g  powers. b a l d w e l l  (111 rr- . , 

pozted an i n a r e s a e  i n  magnesium c o n t e n t  w i t h d e p t h  i a  Che h l a -  

norphis a s s o c i a t e s  u n t i l  i t  becomes dominant i n  lower  b o s i z 0 a 8 ~  

Data presented here f r o m  a n a l , ~ l a i s  o f  p r o f i l e s  from the same 

p s s o a i a t i o n  i n d i a s t e s  %he magnesium i o n  is p i o p o r t i a n a t @ l y  higher 
v 

i n  ~ d w e r  h o r i g o a s  'of the @orris a s s o c i a t e ,  b a t  is nof dominaa*. 

IClli~ a a d  ~ e i d a e ~ l  ( 2 0 1  and R o s t  and Eaehl ( 5 1 )  hate  
v 

presented  data  'which agree w i t h  B a v e r Q s  suggestion '04 magneeian 

r o l o n e t s  f o r m a t i o n .  I n v e s t i g a t o r s  appear t o  be i n  agreemeat 

t h a t  in the Bed River A s s o a i s t i o n  an  i a a r e a s i a g  rnagnesiam BOB- 

tent  is a s s o o f a t e 6  w i t h  d e t e r i o r a t i o n  o f  s o i l  straatare. 

The amount o f  sodiaani fonnd in these s o P l a  8oes  00% 

approoah the A i m 1  ts  set by d e  Bigmoad (15) a8 neaesaary f o r  %ha 

f o r m a t i o n  o f  the ~ l a s s i a a l  a s o l o a e * s *  aoiZ. 

iq8Z@l@ ~ 9 l b ~ l k  iaurmara v% Ck Beg$kr blthoagh tbe qnr n t l  t i e r  e f  

~ q t . f o o  pros6at rr* a o n s i d e r a b l s  i n  r e l a t i o n  t o  s o i l  i e r t i l i t g ,  

I t s  r i f r o t  oa the physioal p r o p e r t i e s  o f  the s o i l  i n  



' 1 ,  
S~Igdtogaa i r  prereat i n  the a b e o r p t i o n  aemplrr o f  bha@@ 

s o i l s  oaly.28 ~rna1Z q a a n t i t i e a .  The begraded p h m e  cf the - 

f l o r r i s  s o i l  s h o w s  a o e r t e i n  a m d a n t  of replaoement of t h e  baaem 

by hydrogen i n  the i l l u o i s l  hor izons .  Rydrogen i s  r e p o r f e d  b y ,  

B a r e r  ( 4 )  t o  be sugerior t o  a e l a i a n  i n  i t s  floaaaleting $owarsc 

~ a l d w e ~ l * s  ( 1 ~ )  d a t a ,  i n  which he s t u d i e d  t h e  i l a e o a l a t i a g  

e f f r o t  of the v a r i o u s  i o n s  i a  Bed B i r b r  o l a y ,  agree with il.vrri. 

s t a t e m e n t *  ~ d n e r e r ,  t h e  e f i e o t  o f  magnesium o o  a o i l  qtraatara 

appea r s  t o  be domieant  i n  t h e  degraded a l k a l i n i z e d  phase. I h s  

hydrogen a a t i a n  i s  not present i n  large enough quantities t o  

' a f i h t  s o i l  +tructure t o  any e x t e n t .  

4*  

An e n a l y t i o a l  measuisment o f  the c o n d i t i o n s  o f  s o i , l  

t i l t h  clesmsd d e s i r a b l e .  A high degree o f  water 8 t a b i l i t y  of 

aggregation i s  a s s o a i a  t e a  w i t h  f a v o r a b l e  e t r u a t u r a l  a o n d i t i @ n @  

in e s o i l .  %ever has suggested t h e  Atterberg e o a s i s t e a a $  

$%ants as being a measure of s o i l  t i l t h *  De te rmina t ion  o f  there 

two measures  o f  t h e  ~ h s s i c a l  a o n d i t i  o i l  were aadrrfs laa .  , 

t i )  Methods  - 
The d e g r e e  o f  w a t e r  stable a g g r e g a t i o n  and t h e  Attsrberg 

o o n s i s t e a o y  o @ n s t a n t s  i n  a l l  s o i l  hor foon  samples were determisa& 

by t h e  f o l l o w i n g  methods. 

A w a t e r  stable aggregate a n a l y s i s  method was crd~pted 

f r o m  the method8 of Rowles  ( 8 2 ) .  ahis method ' w a s  used 

t w  tb&'wr ter oOable a g j r e g r t r  a n a l y s i s  of heavy textursd e o i l .  

rad. i a  i t s e l f ,  f a  e a  a d a p t i o n  o f  Toderls ( 6 b )  n e t  sietiag 
& 

teehaiqoe. The a o i l  r ed  brokea dovo i e t o  three t o  f i r r  m i l l $ -  





a8.t.r aml.rgatesby & t i i i o i c r l  pre8aare. -Thirty grera ei th* 

aggreg.teswere p l r ~ e d  i m  the bat . toa  sf r tbonsaad a i l i i l i tar  

b'eaber a a d  oovered with b l o t t i n g  paper. Wet a l a t h r  &re plrabd 

on t o p  of the b l o t t i n g  perper, the parpose being t@ m a i a t a i a  a 

oatara t e a  atmaephere about  t h e  aggregatss. Af t er  tweatg-iaar 

h a m s  the s l a t h  were remot'eii and tnsn0g-f i+s ralllili tars ei, 

Blrrbf  l l e d  water a8aed t o  the beaker. !t!h~, aggregabss were lsft 

immersed i n  the water f o r  a farther t w e n t y - f e a r  honrar aad were 

then transferred t o  the top of a scarrfes of s ieves  i n  a fear 

l i t e r  baalcsr, the top  a l e r e  being j a s l i  i n u n d a t e d  by water .  

'Eha greoess of t ~ r a s f s r r i n g  the aggregates t o  %ha .Cap ~ f b e e  

waar daas by uas i~rg a w a a h i n g  b o Q t l e  t e  remote the aggregate+ 

from the beaker. (A v e r t i a a l  r e o i p r o a a t i o n  of the r i e v e s  98 

nraeaaary t o  agitate the water s t a b l e  aggregates enaagh t t h a t  

they will pass through the sieves and be seprza tea  i n b o  the 

v a r i o a a  s i s e s  of aggregatss , )  After separatibn had been aeaom- 

plished, tho r i e v e r  were removed front the bmb6r and the arg- 

ragatea  s o i l  aggregates t rans ferred  crareflrlly t o  beakers* These 

aggregate separates  were then d r i e d  t o  e o n s t a n b y ,  weighed,  aad 

the weights o a l o u l a t e d  a s  a percenDtage v a l u e  of the t o t a l  
\ 

aggregates. 

The r r t h o d r  ased i n  the deterniaatia~ a f  the )fterburb 

o o ~ s i r t e n a g  o o n a t r n t s  were those o o t l i a e d  by Rlrssel a a d  Wahr 

( 5 8 ) .  D @ t e r m i a a t i o n s  i a a l u d e d  the upper a m &  the lower plraOia  

l i l d i b . ,  tho plartia .umber cad the rseariag p o i a t  of the 8 0 3 1  

Ihe relsalts obta iaed  from these  determiloa t i o n s  apa 

enamerafed in Table g o ,  Three, 



f i iL) dieoaaai  am sf Besalt. 

l h i ~  **@by br iagr  o a t  me+ar@l irperta  a t  i l i f f ~ @ ~ ~ g s e r  

betrere th* apper r e d  lerrr  B a r i s e n s  of the-profilrm a. wall 

betweem the e s 8 e a i a t i o n  members. I* would appear that with hiah 

o r p n i o  aatter eontent i n  the s o i l  o f  tho  s u r f a c e  h o r i z o n s ,  the 

lower  p l a s t i a i t g  lia5ts a r e  rhifted t o  highar v a l a e 8 .  Bar@? ( 8 )  

ha@ mugseeted t h a t  this i r  the oaae .bat that ergsale matter  

c o n t e n t ,  althongh s h i f t i n g  the p l a s t i o  1 S m i t s  to.hfghar rala.8, 

bps no e f i r o t  upoa tho plaat io i tg  number o f  tho # o i l .  P h i 8  

rPB&rs t o  b o  %rue %a t h e  a s r e  of the phptomorphic a r a a a i a t e ,  

but,  i a  the halemocphie r o i l  a r s o a i g  t r s  r t a d i s d ,  the p l a a t i ~ i t ~  

numbera i n o r e a s e d  w i t h  depth.  The base erohange rrtadie 

on pager. Zl - 25 and shown i h  T a b l o  f loe  h o ,  ahon t h a t  

i a  the barr exohango oomplex  o f  t h e m  b o i l s  a l s o  i n a r e s a r d  w i t h  

An inverse r e l a t i o n  seems t o  e x i s t  between %Be 8 e o ~ ~ r i n g  

poirnt and the p l a s t i o f t y  mnmbers. A high seoaring p o i n t  appears 

t o  a o r r s l a t e  with a relatively l a w  p l a s t i o i t y  aamber. !Phis' m g -  

gesrts that t h e  facrtors whfah a f f e e t  the p l a , s t i a i t y  r~tlmber o f  a 

s o i l  mag a l s o  be related t o  the  scoariag p o i a t .  

E o r i s o a s  o f  high o r g e ~ i o  matter a o a t e n t  g e m r a l l y  show 

a g r e a t e r  amount of  w a t e r  s t a b l e  soil aggregat ion  ( s e e  5 b l e  

no. ~cur.1 A very s i g n i f i c a n t  earrela t i p a  betweea aggrega t i a n  

an8 s r g r ~ i e  aatter  a o s t e n t  . ia . the  ease of s o i l s  a o a t a i a  

kar h.@a *@ported. !!?be large 'degree of v a r i a b i l i t y  in - 
+.*a? a t a b l e  a&gsept iom in the  highly colloidal sails ~ a d e r  

4 

*yii< 
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0the.r f a a t  ors have a marked i s f laeaae  apes aggregate s t a b i l i t y  

ef the sail. 

It has beep shown t h a t  the d o m i m a t  a a t i c a a  r n  the 

The i l o o o u l a t i l r g  
-;I:?- . . 

effect o f  the  a a t  
* ,w gesaral ly  g f v e a  a s  fellows. 

- mare l i k e  the m o n o v a l e n t  a a t i o n s  with respeoZ t e  f%~cealat i s l ! j  
\ 

than l i k e  the ether d i v a l e n t  o a t f o n s .  This effect is obriaaaly 
. I, ? inportant i n  c a a s e o t i o n  with the f o r m a t i o n  o f  mageesiam $Q en- 

e t s  s o i 1 s . w  F l e e e a l s  t ioa  o f  o e l l o i d a l  material  18 reaagnidk 

a 8  the primary a c t i o n  i n  d e s i r a b l e  aggregate f o r m a t i o n .  I n  

the - w Y $ f i & g  ta a c&*&gern i n  ggrsgati on wi th depth, a p p r -  
. . . - . _ .  r+ ~9 

e a t l y  o o r r e l s t e s  w i t h  e (Leereasing aalaiam magnesium r a t i o *  

Oish and Browning [ 2 5 )  recagni~ed tha t the m o s s  tare : 
v 

c o n t e n t  stf the s o i l  bl'e the time a f  sampl ing  i a f l n e n c e s  the 

antoant and s t a b i l i t $  o f  sofl aggregster .  Datt ( 1 8 )  s t a t a s  

t h a t  t h e  d e h y d r a t i o n  o r  d r y i n g  groaess may a f f e c t  the a l ~ t i -  

sate or i en ta t ion*  o f  particles resulting i a  a n  i a a r s s s e d  resfat- 

a a c e  of aggregates to:disiat@gra t i a r a .  The a c t i o n  of grasr root. 

a 8  a a  e f f e o t i r e  aggrege t e  atabiWiqa a g e n t  was eonsidered by 

Xalodny and R e a l  (36) t o  be p a r t l y  due t o  their dessiaatiag 

r s t i o s *  The atsisturs a a a t e n t  o f  a ;oil ha(1 beerr r e a a g a i z e d  

as a f a a t o r  a i f eo t l se  the a@#rqp%e s 4 s b i l i t y  of r o i l s ,  etpao- 

Barer ( 5 )  suggesfed that  the  Attezberg e o n a t a n t s  aau 

- b e  used a s  a measure of friability of the . o i l .  The phyte- 



r r e l a t i v a l y  I s w  a e g r e e  o f  water s t a b l e  a g g r e g a t i o a .  
.- I 

T s b l o  t o .  f a u p  g i v e s  a  ammaary of a n a l y t i o a l  w o r k  asd 

shows t h e  rela t i o n  of the p l s s t i a i t y  numbers a n d  d e g r e e  of 

a g g r e g a t e  s t a b i l i t y  t o  other croil properties. S o i l s  i a  usfavbr-  

a b l e  phyclical o o n d i  t i  on w i t h  l o w  degree  of aggregate 8 t s b i l i t y  

aab high p l a a t i a i t y  numbers, also e x h i b i t  a narrsw ea le inm 

aragneafam raBio an8  low orgaa ia  aarboa a o n t e n t .  Sails w i t h . .  

fa? orable  phyg iea l  o a n & i t i  on p r e s e n t  show sofl p r o p e r t  i e a  

t h a t  @re the aonvsrse of those a s q o e i a t e d  w i t h  bad 8trustare. 

D* 

Aaalysis of the Virg in  p r o f i l e s  o f  t h e  Bed River sail 

a s s o c i a t i o n  has revealed t o  s l a r g e  e x t e n t  the  ahemical an& 

p h y s i c a l  a h a r a e t e r i s t i o s  o f  the  s o i l s  whfch are n a t u r a l l y  

found i n  goad  p h y s i o a l  o o a d i t i o n  and o f  the s o i l s  with an- 

a s s i r a b l e  s t r o o t u r a l  o h a r a s t e r i s t i s a .  The r e s u l t s  obtained 
. .%I. -q 

were aaed a s  a b a s i s  f a r  the c o r r e l a t i o n  o f  the  ahemfdir  a n d  

p h y s i a a l  propert ies  of the  s o f l  w i t h  the a t r u e t m r a l  eon-  
.& 

k: . di . t ; i sns  o b s e r e e d  i n  the s o i l  p r o f i l e ,  

fha argan io  m r t t ~ r  of the B horisorrss .  o f  the degrrbed 

plus. @f the i e r r i e  seil a r s o a i a t e  w a s  found t o  d i f f e r  i a  

a a h s t i t u t i o o  o r  c h a r a a t r r  from t h e  o r g s n i a  i l l r t e r i a l  of the 
A 



r a t i o s  whieh o e o a r  i a  the B h a r i s o n 8  are probably &me O@ a 
h 

slowrr rate o f  deoompo$ i t i oa  a s  the r e s a l t  df p o w  rhrrtloa. 

The a n a l y s i s  o f  the.Bi o f  the degraded  farr irr  soil 

aaaoaicrteo shows a lower w a t e r  s t a b i l i t y  of a g g r e g a t i o n  tbaa 
P 

in the .  @as9 of the  h e r i s o n  o f  the phytaaorghic a s s o a i a t s s ,  

Orgenio  mat ter  aad eggregtiti on are g e a e r a l l y  r e p o r t e d  a s  being 

highly  c o r r e l a t e d .  B o w e v e r ,  the o r g a n i o  aarbon a o n t e n t  o f  %he 

B 1  ef the ltorris $ o i l s  i s  a s  h igh  o r  h igher  than the crgania  

aarbon a o n t e n t  o f  A B  of  tho phytomarphia associate. this d i a -  

arepanay may be dud) t o  e i t h e r  the form of  the o r g a n l a  ? ? m t t e 2  

p r e s e n t ,  o r  t o  t h e  e f i e a t  on a g g r e g a t i o n  o f  the s p e a i f i a  bases ' 

i n  the exahange complex.  

!!?he alaoaat o f  magnesium i a  the bslre esohange aampler 

sf  the B h o r i s s ~ r s  o f  the X o r r i s  o r  a l k a l i a i a e d  eo i f .  p r o f i l e a  

appsoaohes the q a a a t i t y  of caleium prereot.  bpparent ly  t h i o  

magnesium i s  r e s p ~ n s i b l e  f o r  the p e p t i s a t i o a  o f  the a o l 1 , i d a l  

aonteat  of the so%<. I n  these  m i l s  the  s traaturs l  oondi t iaar  

a r e  u t l d e s i r a b l e ,  I t  appears t h a t  a s l d r  calciam magnerfam 

r a t i o  i s  n e a e s s r  r y  f o r  the ma i a t e a a n c e  o f  granular strtletoi% 

i n  the soil. 

The sodium a o a t e a t  o f  these a l k a l i n i e e d  s o i l s  i s  very 

l o w  a n d  d o e s  a o t  agpaooah the l i m i t s ,  defined by d e  C C i ~ o a d ,  

nrae'srary t o  daaigante  s o i l s  e a  being of the f Q o l a n e t r w  typa. 

ILerrrer, frh. r e i l s  r h i a h  f i t  de t i p o a d t s  d e f i n i t i o a  should  

6+ $@me& 1 ~ 4 S r n  8618~aeCs. S o i l s  whfeh h a v e  w 8 ~ l o a ~ t s a  1 6 r ~ h -  ' 

oleay, bat % a  whieh magnecliaa rather than sodium i s  the 



reaat ire  b a s e ,  ahauld  be tam04 *magnesium 8 o l o a e t s w a  

?he potas s ium and exahangeablr  hydregea o o n t e a t  o f  the 

e x o h a n g e  a o m p l e x  i n  a l l  Red R i v e r  s a i l s  were fcand t o  be quite 

l o w  and t h e r e f  ore t h e y  earn e x e r t  l i  ttls i n f l u e n c e  upon the 

physiaal s o r t l i t i a a  of t h e  s o i l ,  

A study o f  t h e  w a t e r - a t a b l e  a g g r e g a t i o n  and the l itter- 

berg ~ o n s i s t g ~ o y  e ~ n ~ t ~ ~ t f ?  a l s o  leaas t o  the b e l i e f  %bat tha  
/ . . .  

u n d e s i r a b l e  physica 1 p r o p e r t i e s  o f  the  a l k a  l i a i s e d  a n 8  degraded 

a l k a l i n i s e d  phases o f  t h e  X o r r i s  a s s o e l a t e  a r e ,  i n  a l a r g e  'part,  

B u g  t o  the e f f e o t  o f  the  base exahangeable magnesium oontent, 

$ a i l s  w i t h  a narrow calctnrn magnesium r a t i o  s h ~ w  e sae i e t@ng le  

a a a d i t f o n s  which are a a a a b i a t e a  w f t h  undesirable s t r u o t a r a l  

arrangements,  and a l s o  show 8 ~ Q W  s t a b i l i t y  o f  aggregation, 

Red R i v e r  clay s o i l s  h a v i n g  f a v o r a b l e  p h y s i o a l  proper- 

t i e s  e x h i b i t  a high a o a t e ~ t  o f  o r g a n i a  oarbon, and a high degree 

o f  a g g r ~ g a t e  s t a b i l i t y ;  l o w  earbon n i t r o g e n  r a t i o s  a n d  l o w  

p l a s t i c i t y  numbers; a s  well a s  wide o a l o i n m  magnesium ra t ios .  

The associated degraded Horris s o i l s  whieh h a v e  a n d e s i r a b l a  

physioal p r o p e r t i e s  e x h i b i t  the a o n v e r s e  o f  them s h a r a o t e r i s  t i m .  





I r mad ha* t.opnirad aaiiicliaat - a ~ g a l r i a  - ma tter isz a%ruatnral 
4 ' 

d@ralcpmen$. V & . l r o ~  *ad F i r h e r  ( $ 8 )  go a s t e p  further i n  r b d t i o g  

t h a t  a p o i n t  o f  laexinurn aggregrtioa c a n  be rreahed paat  nhiah 

i n a r e a s i n g  o r g a ~ i c  m a t t e r  has no e f f e c t .  

4 d e c h s s e  i n  n i t r o g e n  c o n t e n t  o f  s o i l s  u n d e r  c u l t u r e  

is r epo r t ed  by many i n v e s t i g ~ t o r s .  E y e r s ,  H e l l s t e a d ,  K n s l e  ahd 

Eaas ( 4 3 )  r e p a r t e d  the d e c r ~ a s e  i n  n i t r o g e n  Content t o  be 

e t t  i n  t he  f i r s t  years f o l l o w i n g  the breaking o f  the  sod. They 

 belie^^ t h e  n i t r o g e n  c o n t e n t  of s o i l s  u n d e r  a r a b l e  calture t o  be 

a p p r o a a h i n g  an e q u i l i b r i u m ,  bat t h e  gelreral t r e a d  ,in Great P S l i a 6  
m m m R 1  w- 

s o i l  i s  still downward. B a r p e r  ( 2 7 )  b e l i e v e s  that  i n  time na 

e q a i l i b r i u m  8 h o a l d  ocour  i n  a s o i l  ulrdsr' aal t i v a t i o n  between 

l o a r e s  and g a i n s  o f  n i t r o g e n ,  bat t h a t  t h i s  e q a i l i b r l u m  may be 

t o o  1 i w  f o r  eaonomical  o a l t i v a t i o n  o f  t h e  l and .  

H o V i a b r ,   atte tea 'a ad 8htzlkaen (40) a n a l y z e d  the restalts 

of foar years o f  green manur ing  on Onslow f i n e  sandy loam r a i l .  

F i v e  treatmeats were  compared; f a l l o w ,  rye  grass, orimsca o l o v e r ,  

v e t o h  a n d  A a s t r i a n  winter peas .  They- r e p o r t e d  no s i g n i f i a r r n t  

ahaagr i n  s o i l  a i t r o g e n  e n d  t h a t  o r p n i c  mstOer was 'not signif- 
3 

~ . ) . i o a n t l y  increased i a  t h e  s o i l s  nbder exper iment .  Eb%*g@F (41) 

i n c r e a s e d  t h e  carbon e n d  n i t r o g e n  c o n t e n t  o f  t h e  a o i l s  0.48% 

a n d  0.75% a n n u a l l y  respectively. 

S e v e r a l  i n v e s t i g a t o r s  h a v e  shown the beneficial a a t i a n  

of g r a s r e a  and  legrunes in i n e r e a r i a g  a g g r e g a t i o ~  a f  a s o i l .  Page 

age Willard ( 4 6 ) .  Wilson. &tab s a d  ~ * o n n i n ~  ( 5 9 )  sad  B l r e a  

( L X ~  a11  r epor t  g r e a t e r  aggregation under gram then an8ar - I 

W k @ s  8g1~te1ms  of oaZtare. l l s o n  deaae fonna a seqaeaee of 

rggrega ti eu ander different a a l t u r e  systems. dorn  a a d  wheat 



shawed r a  i n a r e a s e  f a  aggregrtioe over wheat aad  corn  sad - - 
grasses a a  inorease  over a l o v s r  i a  the r o t a t i o n .  'P~ygaaor ( 5 6 )  

fournd grasees t o  be mare efieatioe than legumes in eaasfng 

stable aggregate folmatiaa, b a t  s t a t e d  that a legume should bp 

i n e r l a b d  i n  the hag a r s p  because of i t s  pawera t s  f i x  s i t r o g e a .  

The importanae o f  grasrea i n  aggregst ioa is emphalrised by b l a -  

s tead  ( 4 5 )  who repor ted  a n  80 per c e n t  drareacle i n  r g g r e g r t i a ~  
\ 

due t o  o a l t i v a t i o n  o f  a s o i l  s i n c e  1902 .  

f a  a controlled experiment by J o f t o  and  Simmewaa ( S O )  

the e i f e a t  o f  varying r a t i o s  of base  exehangerrble oalaiam 

zmrag~seiam and s o d i u m  o s  $be swelling propert ies  of a 8011 w e r e  

s t a d i e 8 .  They suggest $ h a t  a high calefnm magnesium r a t i @  

f a r  more effective than a low oalc ium magaesitun r a t i o  i a  redadi#g 

the swe l l iag  eaased by sodium. They fnrther suggest tha& e i ther  

the magnesium e a t s  s i m i l a r l y  t o  soditam o r  there i s  not enoaghV 
' s 

caloium present t o  s n t i g o b i z e  the e i f e a t  of the sodium. , . 
8 9 

I 

ZBe f e r t i l i t y  f i e l d  plots on the Univers i ty  f a r m  ha?. 
I '  

been under  a ,  lrysternatic r o t a 9 i ~ n  system f o r  agpror imate lp  t h i r t y  ' 

I - I 

g e a r s .  ZQ this p e r i o d  a i  time these plots should  e x h i b i t  mod- 

i f i e a t i o a s  i n  s o i l  propert ies  caused by c u l t u r e  i n  i t s  t a s i o n a  . 

forms. Therefore, a e r t a i n  p l o t s  were seleated f r o m  whioh s o i l  

ramples were talcan i n  the hop. t h a t ,  they would throw l i g h t  c~ th. '$ 

problem antier rtady. - 

Aaalg t iar l  determinations i n d i c a t e  that oaltarsl syaternsw 

have rrrp ing  rff'eats on soil properties.  &lthough the  result .  
' 

aannot be e t a  t i s t i ca l ly  a a a l y r e d  because .of the l i m i t e d  &amber 
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arC w o r ~ h y  of p r e s e n t a t i a ~ .  k 

1. B ~ C B I P T I O X  OF ILOTATIOlfS STUDIED. AWD TRBIB H X S T m :  

(i) Oreen( (eub-~rojeat 6 9 ) .  

A green manuring p r o j e c t  w a s  begun in 1919 a n d  brought 

%.to i t s  f a l l  f o u r  year r o t a t i o n  system in 1921. The details o f  

ma ti on,  

& e t a t i o n (  Y e a r  1.  F a l l o w  and Green Paaare. 

Year  3. Corn.  

fear 4. Wheat and s e e d  down p l o t s  8 a n d  9 
a s  o a t l i n e d o  

Treatment (,Plot 1. Chaak f a l l o w  only. 

2. Weeds plow down when one  a a d  
half feet high* 

.&# 

3. Baakwheat plowed  dawn in bloom. 

4. Spring rye p lowed  down 'in August. A 
5. earn sowed i a  six incrh & r i l l s ,  

plonghed down in August. 

6 ,  Oheak f a l l o w  0 ~ 1 y ~  .I* MJ 
7. Peas  p l o u g h e d  down in Angust. 

8. Sweet e lover  ploaghed down i n  bloom. 

9.  Bed a l o t e r  pioa&hed down i n  bloom. 

10. R o t t e d  barnyard manar.?, 10 tons, 
ploughed down a t  the same time as 
t h e  p l o t s .  

11. @heal ,  f a l l o w  only. 

FBe r o t a t i o n  ryetern was dev ia ted  f r o m ,  in 1927, 1928 and 

1988 Beeaas,e'af e r o e p t i o a a l l y  w e t  a o n d i t i o ~ s  and d e l a y e d  seedfng.  



1#87 11ar le~ .  f a l l e r ,  barley, c o r a l  ) Green manure aropr W e r e  
1 

1928 Flax, fallaa, e a t s ,  eorat ) a i r r i e d  on a s  asacll w i t h  

1929 Barley, f a l l o w ,  w h e a t ,  sera; ) f a l l o w  years dur ing  bhil 
p s r i  od,  

The f o r t y - f o u r  p l o t s  i n  this experiment were sampled i n  

rne f a l l  of 1930 and a l s o  i n  the  f a l l  of 1948-ier aompariron. 

( i i )  Preaaenor of Eallor isab-pro.3eat 7 0 ) :  

The same year a 8  the green manuring sub-projec t  was 

a n d e r t a k e n  an experiment was began t o  g i v e  d a t a  on t h e  eff'eot o f  

( 1 )  ireqdenoy o f  fallow, ( 2 )  o o n t i n a a l  wheat ,  ( 3 )  rnanare, 

( 4 )  barniqg o r  r e t u r n i n g  s t r a w  t o  the plots. Phe projeat  wr8 

8 e t  i up in the f o l l a w i n g  wtnner. 

t o o a t i o n t  B l o o k  2,  Ranges 26-2-9 

B o i p t i o ~ ~ r  Bange 2 6  Bo manare. 

( a )  P l a t  1. Fellow e v e r y  s e c o n d  year. 

(b) Plot 3. Pallor every  third y e a r .  
W%.U 

P l o t  '4-. Wheat. 

P l a t  5. Wheat. 

Plot 6 .  Fal low every f o n r t h  year 

P l o t  7 .  Wheat, 

P l o t  8. WBeaB 

( a )  P l r t  1. pqtllsw every aeaoad year, f o u r  t a m  
Qf S l a ~ r b b .  

(b) P l o t  8 .  Frllaw every th ird  year. f o u r  tons  o f  
manure, . . .. mi 

. . I  
P l o t  4. Wheat, iaar  tans o f  rnanare' ploaghed i n  



aotsti o q l  

( a  

( a  

l a  

the ratatio 

wheat . @ a i l  

a i  1948 for 

P l o t  7 .  

P l a t  8. 

Blot 9 0  

Qnge 28. 

1 P l o t  1. 

) Plot 2 0 '  

Range 29. 

) Plot 1. 

) Plot 2. 

192'7 and 1 

m~ beaaasle w 

s a m p l e s  w e  

l a b o r a t o r y  

h l l e w  e r & r y  ieorth  year. Foar tons  
6 1  lBBIlUZ'@e 

Wheat. Four tons of manure ploagheQfn 
i n  the fall. 

Wheat--Four t o n s  o f  manure ploughed i n  
i n  the f a l l .  

Wheat 

Wheat 
retar 

Wheat 

aontinuo 
e plot. 

aon t i n u o  

us, no manure, stubble o n l y  

U S ,  r e t u r n  a l l  s t r a w  grown 

as, s t u b b l e  o n l y  returned* 

Wheat e o n t i n a o u a ,  burn s t r a w  an6 s t u b b l e .  

928  barley was substituted for *halt i n  

e t  e o n d i t i o a s  d e l a y e d  seeding t o o  l a t e  for  

re o b t a i n e d  from these p l o t s  in the f a l l  

( i i i )  Z g e  Sffeot of- F e r t i l i z e r s  on Crops (club-project 7 1 k  . 
- I 

Bab-pre jec t  7 1  waer , s t a r t e d  i n  1919 also, to a s c e r t a i n  I 
the  benefiaial e f i e a t ,  i f  a n y ,  o f  f e r t i l i z e r s ,  and t o  oornpare 

oommeraial fert ilirer with manare. The f oar year r o t a t i o n  used 

is a 8  follows3 ! 

E ~ a n t i o ~  Blaak A, Unges  30-33. 
r 

B c t l r t i o q ,  T e a r  1. Fallow 

3-F 8 0  -+at azaemdhsnt a p p l i e d  

Tear 4. Barley. 



P l e t  6. H y d ~ a t e d  stme applied a t  the rate 
@f 7 0  p 8 ~ 1 l a l  Pel: ab3'e. 

P l o t  7 .  Ohsak ( n o  l e r P i 1 i z e r ) .  

The r o t a t i o n  has been a a r r i e d  o u t  in tfnis manner w i e h  

tbb exaegtiom that in 1 0 t 8  b a r l e y  replraed w h e a t  i n  the r s t a t i o h  

t i * )  a e  S f f e e t  e i  P e r t i - l i g ~ r r  en arafme~a ( r o b - p r a ~ 7 Z ) r  

The r o t a t i o n  i n  s g e r a t i a n  oa rnb-psoJet3t 72  was a t a r B @ B  
d 

in 1919, and assumed its present  e s t a b l i s h m e n t  f o r m  i n  19225. %he 

d e t a i l s  o f  t h i s  qrstem of aaltare are a8  i o l l o w s ~  

. E&tatiae, T e a r  1--Seed down t o  grasred (mixed) t i m o t h y ,  
meadow feseae, a l s i k e  and a ' l i a l f b  i n  
t h e  p r o p a r t i o n s  by weight of 4tBtZ#t5*  

Year 2--Hay. 

Year 3--Hay and break. 

Year 4--Corn. 

The treatments which w e r e  sampled iaoltzq@ 
- .mL-'i& 

P l o t  5 Hydrated l i m e  a t  the rate  o f  7 0  
pounds per aaP@. 

P l o t  7 Cheak ( n o  f e r t i l i a s r ) .  
, 

f a  1943 t h e  oorn p l o t  w a s  crpl i t .  Wheat has  besn  grown 

on the left h a l f  sf the range since t h a t  year.  

( v )  lal - fur T r e a t m e n t s *  

Irs Hay 1946 a p p l i o a t i o n s  of s u l f u r  were made on a bloak 

a d j a c e a t  t o  stab-projsat n o .  74 t o  deterrine the e f f e c t  of sul$:ar  ' 

on sail aaility. 

TLQ systss  o f  areppiag on *Bere p l o t s  bas  been aaifoma 

3 

BlsaEleolr 3 ,  Range 29,  P . l a t e  7 - l l  



Plot 9 1000 Iba .  

P l a t  10 2000 l b s .  

Plot 11 qheak. 
: 

The salfnr ra. a p p l i e d  brecldea2t dnd l n a o r p o r a t e d  i n t o  

the sar fabe  soil by e a l t i v a t i o n .  

( r i )  &ntinnous Fallow (Boadwasrs 1. 

The 20 f o o t  roadways, between the f e r t i l i t y  p l o t s ,  U o e  

been under r sygrstem approx imat ing  o o n t i n a a u s  f a l l o w  si inae 1919 

r b e a  the p * t ~  ware la%& p a t .  ~ o n t i o a o a s  a a l t i v a t i o n  of the 
' . 

roaas has been followed t o  prevent neead and g r a i n  from beosmiag 

e s t a b l i s h e d .  &a no p l a n t s  were p e r m i t t e d  t o  d e v e l o p  i n  the aalt- 

i r a t e 4  roadways, v i r t u a l l y  l i t t l e  o r  n o  orgaaic  m a t t e r  has bsen 

ineorporateh i n t o  t h i s  s o i l .  Four  o f  theBe d u l t f v e t e d  roadway 

s t r i p s  were sampled f o r  analysis, t h e s e  i a a l n d e d t  

~ o n d w a y  between B l o o l  B Range 30, 
Black B Range 31; 

Roadway betresn Blook I Range 27, 
$ l o o k  1 Faage 28; 

Roadway between %look 2 Range 28,  
Block 2 Range 29; 

Boaaway between Bloek 2 Range 26,  
Black 2 Rsnge 2 7 .  

$be r o t a t i o a r  prer iear ly  de8aribed h a r e  been in o p e r s t i o a  

f a  thefr  prrrert form,  with t h e  r r c e p t l o a  o f  the s u l f u r  experimeat,  
+- :: 

%. . . for froa treaty - f i re  t o  t w e e t y - e i g h t  year*. The purpe8e of the 
I % . .  

i b l l o w i a g  i o * e r t i g a t i o n s  was t o  8tady the degree aad n a t a r e  of 
-- 



p l a t s .  

s o i l  samples were o b t a i n e d  n s i s g  a oore  sampl ing  tube 

o f  three i n o h  d i a m e t e r .  Four aorecl, s i x  l a c h e s  i n  l e n g t h  +era 

o%%aiaed f r o m  e r e h  p l o t .  Irfter t ho rough  mixing a p o r t i o n  .of 

t h e  a m p l e  wa. r ~ h i a e d  f o r  a n a l y t i a a l  d e t r r m i a a t i o a s ,  t h e  s i z e  

sf sample b e i n g  reduaed by t h o  method o f  q u a r t e r i a g .  

2. O R ~ I O  BI$J?3?ER [ ORGANIC CIRBON) &WD Nf TROGEll AS AFFECT- 
B Y T I I R E  

2he e r g e n i a  m a t t e r  c o n t e n t  of a soil has l o n g  been 

r e a o g n i z e d  a 8  a s s o a i a t e d  w i t h  s o i l  t i l tk. I n  v i r g i m  s o i l s  

brought under a a l t a r e ,  a a e r t a i a  degree o f  d e p l e t i o n  o f  o r g a ~ g o  

aatter i s  r e a o g a i s e d  a s  being I n e v i t a b l e .  ~ e l a t i v o  a f f r a t s  of  

d i f f e r e n t  aul ture  s y s t e m  on o r g a n i c  m a t t e r  a n d  n i t r o g e n  are 

n o t i c e a b l e  i n  t h e  a n a l y s i s  of t h e  p l o t  samples. 

( 8 )  %he P i f e a t  o f  ba&tinacus  Fallow; Cont iaaoua  Wheat;  and 
u e a a e a g g  o f  t a l l o w  With and  Without Haaure. _I 

( i )  Xrthod.  

The o r g a a i o  a a r b o n  and n i t r o g e a  were determined on 

these p l o t  samples  u s i n g  t h e  s a m e  m e t h o d s  of ca rbon  a n d  n i t r o g e n  

d e t e r m i n a t i o n  a s  were o n t l i n e d  f a  the  study o f  v i r g i n  s a i l s .  

The a n a l y t i c a l  d a t a  presented a*@ t h e  r e s a l  t o f  d s t e rminc l t ions  o a  

blocks 26  a n 8  27, p l o t s  one t o  n i n e  a n d  t h e  f o u r  a o n t i n u o a s  

f a l l o w  ( roadway)  samples. 

' ( 5 1 )  &at@ 

9 salt@ op dLet8rmiaations on t h e  soil samples 

are gtves i a  S a b l e @  80. F i r s  and Sir. 

( i i i )  ~ i s a o r s i o n ~ e s u l t r .  

The d a t a  i n  'Bblo i la .  Five  snggest t h a t  a o n t i n a a a s  



ZrITan i t  l e s s  dsssraaQirs af o r p a l s  mater ie l  than is a 8 y s t # m  

of aont inocus  wheat sultrrre. There i s  a p o s g i b i l i t y  t h a t ,  aadrr  

f ' a l l o w  a n d  the  8 a b s e q a e n t  r e l a t i v e l y  higher mois ture  e o n  t e a t  of 

the s o f l  that  m i c r o - o r g a n i s m s  such a s  a l g a e  f u n c t i o n  I n  a a a r -  

bon f i x i n g  e a g a a i t y ,  a l s o  t h a t  nonaymbiotic b a c t e r i a  are firing 

af trogea 1.n the soil. The e o n v e r s e  o f  this a a n d i t i o n  aould 

a l s o  oause t h e  same e f f e o t ;  that  i s ,  b a a t e r i a l  a o t i o n  under the 

caltural system o f  oont innoas  w h e a t  i s  greater then under fallow 

e a  r o o t  growth oauaer aggregation and sabseqaent a e r a t i o n  of 

soil. Hot enough samples  hate  bean s n a l y g e d  t o  o a t l i n e  the  

s p e c i f i e  aharaoter  of the  r a r i a  t i o m  ooaarring under thdae 

t w o  o u l t a r e l  .systems. The v a r i a t i o n  betweea i n d i v i d u a l '  p l o t s  

i n  the same a r o p p i a g  aystem i s  t o o  large t o  p e ~ i _ t  f i n a l  aon- 
,I , 1.4 I . &a 

d n s f  on8 t o  be drawn a b o a t  the e f f e a t  o f  e o n t i n a o n s  f a l l o w  f a  

comparison t o  cont inuaas  wheat  c a l  tare* but the  v a l a e a  o b t a i n e d  

a r e  d i s t u r b i n g  and not i n  agreement with p r e v a i l i n g  o p f a i s n a e  

A n  i n s p e c t i o n  o f  the d a t a  o f  T a b l e  lo. 91x o n  t h e  

efVeclt o f  f r e q u e n c y  o f  f a l l o w  w i t h  a n d  without manure tappeara 

t o  i n d i c a t e  a d e f i n i t e  trand ~ a a s e d  by t h e s e  o u l t u r a l  ays.tems, 

Three apparent  t r e a d s  are  v i s i b l e 3  ( a )  The more f r e q u e n t l y  

f a l l o w  is carried o u t ,  the g r g a t e r  t h e  d e s t r u e t i a n  o f  o r g s ~ i e  

m a t e r i a l .  ( b )  Under manure a p p l i a a  t i o n  l a  rger arnounta of 

o r g a n i a  aarbon a n d  nitrogen ooour i a  the  s o i l .  ( c )  Under 

manure a p g l P o s t i o ~  the oarborn n i t r o g e n  x a t f  a s  are  g r e a t e r  than 

Blr. . f i e s t  of ireqaenay o f  f a l l o w  i s  illustrated b o t h  

wlthaut a n d  w i t h  manure a p p l i a a  t i o n ,  The indivianal determin- 

e t $ ~ l a s  'on eaah p l o t  within t h e  r o t a t i o n s  show a c l e r t a i a  amotalaf 
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of t a r i a b i i i t r  btld not amsclgh t o  rrinte %he o r @ r a l l  pat trra  ei 

the r o t a  t i  anr  rrbadieQI ltsmtzre apparent ly  m a i n t a i n s  the organ18 

aarbon content  of the soil a t  a r e l a t i v e l y  higher level thra I f  

does  the n i trogen  a o n t e a t ,  consid.ering t h e  values i n '  aomparisoa 

wit-b no manure r p p l i o a t i o n .  This effecsD ire manifest i n  t h s  

g r e a t e r  the d e s t r u c t i o n  o f  o r g a n i c  matter .  

with whoat aoatinaoas plots, the organic  mat ter  i s  l o w e r  than 

under conti-aaoas f a l f o w ,  i n  .the seoonU cage the, more o f t e n  wheat 

wider garboa nitrogen r a t i o s ,  

Apparently3 a o ~ f l i o t i n g  ev idence  har been f otznd i n  %hie  

experiment.  I n  the ease of o o a t i a a a a s  f a l l o w  compared with oon-  

tinaoas whea t ,  the  seaand method o f  o u l t a r e  r e s u l t e d  i n  the Zawer 

organto  aarbon and nitrogen content  o f  the s o i l .  I a  a sdndy ef 

frequenay of i a l l ~ w ,  the  more frequent the f a l l o w  gear, t h e  

f n  the  f i r s t  ease, 

oeours i n  the freqaenoy o f  f a l l o w  experiment, the h i g h e r  i s  t h e  

organic  matter aontent o f  $be soil. A s  s u g g e s t e d  p r e v i o u s l y ,  

the apparent  a o n t r a d i c t i o n  mey b e  due t o  the a s t f v i t y  o f  soil 

miaro-orga a i s m s ,  F a r t h e r  i n v e s t i g a t i o n  is r e q u i r e 4  along t h e s e  

lines t o  d e t e r m i n e  the e f f e a t  of f a l l o w  on s o i l  p r o p e r t i e s .  

[b) The E f f e c t  of Green Panare 

( i ]  mbethods. 

The sub-project  d e v o t e d  t o  methods o f  green manuring 

was sampled i n  1980 by members of the s t a f f  of the S e l l s  ~ i v i a i o n  

vepsrtaemt o f  &graaorapr The n i trogen  o o s f e n t  o f  the  p l o t @  rs. 

aatrratned ?+jr tbr l ~ $ r $ b a h l - ~ n n u i s ~ - & r o a l d  method and the aarben 

b mmrrhrr ei t i e  r r g a a r a  matter aging a / t  i ~ a i ~ d  solattan aaa 

t t l i r a t i o a  o i  the exo@as iodime with sod ium thicsalghata Wa2Bg0s. 

QlWPlSW Qf' the p l o t s  t h e  green senare were a g a i n  aarr1.d e a t  

f n  1 9 4 8 0  A s a l y t i a a l  d e t e m i n a t i a n s  o f  carbon and  nitrogen nrv*  

-I 
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PERCENTAGE NITROGEN 
0 - io iN 'p 

PERCENTAGE ORGANIC CARBON 
0 - 
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adir Btrrraaa of  *ha methed d e a a i l b a d  i a  tho s a ~ l ~ r l r  b i  rtrg5m 
* ,  

r 
b o I P ~ e  

T8e lisalts f r o m  tha,ebore detrrmiaatlcnr ere rsported 
d 

i n  Table s  g o .  Seven. E i g h t ,  H i n e ,  10  and 11, and ~ ~ ~ I Z P Q  No. TWB. 

There has besa  I geaeral decrease  i n  both organfa oarbon 

a a o t e n t  and a i t r o g e ~  a s a t a n t  o f  these, 8011s. Over a per fad  of 

eighteen years,  green, m e t n u r i ~ g  has n o t  rnnf ntained the o r g a n i a  

mattqr  e o n t e n t  of the sobl. 

D e p l e t i o n  o f  orgaaio matter due t o  ca l  t i v a t i o n  of i 
I &  

v i r g i n  Zlaar iai 'th @ o i l  i s  i n e v i t a b l e .  Xyerr r t  a 1  ( 4 8 )  rrport.  

t h e - g r e a t e s t  'losses o f  this a o n s t i t u e n t  t o  take p l a a e  i n  soils  

o r i g i n a l l y  Qigh i n  organ50 m a t t e r .  The f i e l d  on the Dnirers i ty  

farm, iron which the a o i l  samples were proaurdd, has b w  
- ?% 

o u l t i r a t i o n  f o r '  approximate ly  th f  rty-five years. I n  this time, 

spp.rent ly ,  the s o i l  has not a s  y e t  decreased t o  a p o i n t  where 

an e q u i l i b r i u m  between d e s t r u o t i o n  of  o r g a n i o  m a t t e r  and its 

i n c o r p o r a t i o n  aad be  e s t a b l i s h e d  us ing  green manure orapa,  f t 'LB 

would  appear then t h a t  the  u s e  o f  green manuring o r o p s  d o e s  not 

prevent the  d e o l i n e  o f  o r g a n i o  matter i n  b l eak  earth s o i l s  aadsr 

the  c o n d i t i o n s  o f  this experiment. 

The aarpoa ai tsrogen rs t i o  of the  soil i n  the  grera 



Segames are kaawm t o  have the a b i l i b y  t o  f i x  a i t r o g a a *  

.- bat, there  was a large  peraeotage l o s a  o f  a i t r a g s a  whare, Zag- 

a a e e  were used a s  g r e e n  maaares. T h i s  may b e  caused by one of 

r w e r a l  i a o t e r s .  [ a )  Phs arnoant of n i t r o g o o  f i x e d  by a legume 

i s  ins igri f iaant  when oomgtared with the amount of n i t r o g e n  a l -  

ready present  i a  blaek ear th  s o l l a .  (b) 2he b e r e a l  aropr grawa 

i n  the r o t a t i o n  may deglete the s o i l  o f  more n i t rogen  than i r  

added by u s i n g  a legarne a s  a green manare. ( 0 )  A general reduet- 

i o n  o f  nf t rogen  e o n t e a t  i s  i n e v i t a b l e  whelr v i rg in  b laak  earth8 

are p laaed  under o u l t i v a t i a s .  %hie i a e r i t e b l e  l o - r i n g  of the 

n i t r o g m  a o n t e n t  i s  greater than eny a i t r o g e n  iixatfon' fhrt map 

be tak i sg  plaoe .  ( 4 )  If the supply o f  nitrogen i s  a d e q a a t r  f o r  . 

the needs o f  legume nitrogen f i x a t i o n  may n o t  take plaae.  

Apparently a t  the present h i g h  l e v e l s  o f  orgaaia  matter 

i n  the s o i l  o f  the f e r t i l i t y  f i e l d ,  green manure d o e s  n o t  main- . 

t a i n  the organic  matter aoatent  of the soil. Barnyard manare,  

art the  r a t e  oP 10 t o n s  per a a r e ,  used o n c e  i n  f o u r  years gives 

much the same resa l t s .  However, a l though  there i s  l i t t l e  e f fee t  

en the upkeep o f  the oarbon and n i t r o g e n  c o n t e n t .  it' aannot  be 

oonaladed that the green manure orop has had n o  b e a e f i a i a l  e i f ea t  

on the s o i l .  brvfs  ( 1 4 )  fonnd 8we.t olorer green m;nar% aaa*ed 

s i g ~ i f i a a n t  inareases i n  the yields o f  a o r a  s a d  oaree l  aropr o n  

heavf Xiabigas r o i l 8 .  b o a  aad q i l r o a  f S B )  reaogs igsd  the use- 
a 

fwlqcr!? of  1@gm&wi! i s  i i r i a g  nitrogen s a d  the resulting c o n s e n -  

- s f  s s i r  d r s r b i l i t y  whein a legume is grewn i n  the r o t a t i o n .  

%%%I @ i t r o t  of s#gr@ae aanara a s  the phgs ios l  oonditians of the 



. - 

r~ii-a.aar% be orarloebeQ. The i n o a r p e r a t i o n  of r e a d i l y  d e o o m p a s ~  

a b l e  o r g a n i o  r a t t e r  aarra.8 g r r a t ~ r  m i a r o l i a l  a o t i v i t g .  Oeltsrr (241  

balievrd t h e  main o e m s n O i n g  ~ u b s t a o o e  i a  soils t a  be t h e  a o l l c i d a l  

produats  of b a c t e r i a .  This  e f f e c t  along w i t h  t h e  phys ioa l  e f f e o t s  

of rootr ,  aooording t o  Ge l t ze r  ( 2 4 )  i s ,  t o  s l a r g e  degree ,  r s tpons-  

i b l o  f o r  t h e  agg rega t ion  of s o i l a .  

I t  is worthy o f  no te  t h a t  t he  t r e a t m e a t s  whiah w e r e  high- 

e s t  i n  organ ic  m a t t e r  i n  1930 tend t o  show the g r e a t e s t  d e p l e t i o n  

of' o rgan i c  matter  r e g a r d l e s s  o f  t h e  t r ea tmen t  o a r r i e a  out. The 

treatments  w i t h  the lewest o r g s n i a  carbon end n i t r o g e n  v a l u e r  i n  

1980 a l s o  show the lowest lasa o f  o rgan ie  ma t t e r .  Yhio suggrsta 

t h r t  the  t r ea tmen t s  o n  the  p l o t  a r e  approaahing sn eqt l i l ibr ia la  i n  

d e e t r a o t i o n  land i n a o r p o r a t l o n  o f  orgsnia '  m a t t e r .  

Treatments whieh gave the g r e a t e s t  amounts of o r g a n i o  

matter i n  1990, a l though  losing large q u a n t i t i e s  o f  o rgsn ia  m s t t e r ,  

still a h o r  a t e Q d e n a g  t o  !> a i g h e s t  i n  1948. This effeot may bo 
F -r- . *&-.I + _: 

due t o  soil v a r i a t i o n .  b a t  i t  does ocaur under t h e  treatmeats  of 

Barnyard manure and  c lover whioh  a r e  known t o  return t h e  g r r a t e r t  

amounts o f  organid m a t t e r *  It seems feasible t h a t  under %hale  

t r ea tmbnts  a n  eqn i l i b r i am i n  soil n i t r o g e n  and aarbon may be 

e s t a b l f a h e d  a t  a h ighe r  l e v e l  t h a n  ander  t h e  o t h e r  g r e w  maaarr 

t r ea tmen t s ,  

. Dodge and Jones ( 1 7 )  found t h r t  c r o p p i n g  systems hate 

. o n l y  s l i g h t  i n f l u a n a e  o n  the  t rend  o f  aerben a n d  s i t r o g e n ,  bat 

u y  l a v e  rme iaflaclaae on the  speed with whioh equi l ibr ium Is 

ruaekr4 a.4 r h o  the alt5nate l eve l .  A t i m i l a r  o o n d i t i o a  ' . 



! ' 

' 'apk-rcrat i. aha s a l r  of the l r r t i l i t g  i t e l & .  beareas@ i a  

orgaaie  a a r b e n  d o n t a n t  a n d  a i t r o g e a  h a w  o~sarrsd over the 18 

pear per iod  b e h e e a  samplings. T&ereLare i a d i ' a a t . t o l s t h a t  a s  

e q u i l i b r i u m  i s  b e i n g  erpproaahsd. The l e v e l  of  t h i s  equilibriam 

when reached a p p a r e n t l y  sill be e f f e a t e d  by the method o f  green 

manarf ng. 

8. U T R R  S l e A B ~ R E r i ) T I a l p  UXDER VAgI7US CULTURAL l a Z ! P E m  

Soil atruetare bas been aomsidered the key t o  s o i l  fert- 

i l i t y  by eminent  s o i l  a o i e n t l s t s  f o r  (I long t ime.  H i l g a r d  ( 2 8 1 ,  
+ 

Wollny, a n d  a l s o  Wi l l i ams  of Russ ia  w e r e  among t h e  earliest t o  

r e a l i s .  the impor tance  ofL a f a v o r a b l e  s o i l  atraotOre. l a a y  i n v e r t -  

i g a t i o n s  h a v e  sh'awn t h a t  u n d e r  calt~re s o i l  e g g r a g a t i o n  is, t o  a 

large degree, b e i n g  d e s t r o y e d .  A study was made of t h e  r e l a t i v e  

e f f e a t s  of c a l t u r e  on t h e  w a t e r  s t a b l e  a g g r e g a t i o n  of t h e  plots 

o n  the  U n i v e r s i t y  farm. 

( a )  The E f i e a t  o f   a allow C o n t i n u o ~ s ;  Wheat Con t inuous ;  a 
Grain  R o t a t i o n ;  C l o v e r  i n  the  Grain R o t a t i o n 8  l a n u r e ;  
S t r a w  Burned a n d  n o t  Burned; and  a Grass-Legume 
g i x t u r e  i n  t h e  Rots t i o n .  

( i )  Yetbod. 

The f e r t i l i t y  f i e l d  p l o t s  sampled f o r  t h e  s t a d y  o f  

t h e  d e g r e e  of  w a t e ~  s t a b l e  a g g r e g a t i o n  u n d e r  d i f f e r e n t  c u l t u r a l  

sggtema i n a l o d e d j -  f oox r o a d r a y s  - oon t inuoad  f a l l o w :  Bloak 2 

Range 28 a n d ' 2 9  P l o t  1 - a o n t i n a o u s  wheat ;  Bleob 1 Range 26  t o  29 

P l o t s  8 end 11 - t he  e f f e a t  of a l o v e r  i n  a g r a i n  r o t a t i o a ;  $ look  2 

Baage 28 and 29 Plots 1 and 2 - t h e  e f f e o t  of aaaars ;  Block 2 

Rang. 28 aad 20 P l a t  8 - the e f f e e t  o f  burning alrd i n a o r p o r a t i n g  

l O l r ~ g  bl#ok b mmpor 80 t o  33 P l o t  7 - the e f f e o t  02 a grass 

lbgruae mixtars i a  the r s t a t i o n ,  

A m a l y t i o a l  d e t e r m i n a t i o n s  ooaduated on these  samples  and 

h e r e i n  r e p o r t e d  include o r g a n i c  oa rbon, nitrogen a n d  t h e  degr44e 

) a s  r e p o r t e d  i n  B a v e r  ( 4 )  - 53 - 
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( i i i )  D i r o u s s i o ~  o f  Results 

Water s t a b l e  a g g r y r o t i o n  s t u d i e s  i n d i e a t a  t h a t  aader 

d i f f e r e n t  r o t a t i o a  system#, soil aggrega t e  s t a b i l i t y  shews a  

a i g a i f i a a n t  v a r i a t i o a .  !?h i s  v a r i a t i o n  may be dne p a r t l r  t e  t h o  

e f f ea t  o f  t h e  d i f f e r e a t  eropg used i n  t h e  r o t a t i o n s ,  or t o  t h e  

e f f e a t  o f  t h e  d i f f e r e n t  r o % a t i a n s  a n  t h e  l e v e l  o f  t h e  organ ie  

mat t e r .  
..- 

Tho, highest dQ?ei f w a t e r  s t a b l e  a g g r e p  t i a a  e x i s  t ad  

aader a r a t a t i o n  h a v i n g  t h r e e  years out o f  f o a r  d e v o t e d  t o  thr 

t r o w i n g  o f  a grass-legume mixture.  A a a o r d i n g  t o  Page a n d  W i l -  
t 

l ard  (46 )  t h e  longer  t h e  per iod  a grass-legume m i x t a r e  i(l i n  t h e  

r o t a t i o n  the b e t t e r  is t h e  agg rega t ion  t h a t  will r e s u l t .  Clal tser  

( 2 4 )  be l i eved  t h a t  t he  r t a b i l i t y  o f  s o i l  s t r u a t a r e  depended on 

t h e  amount of s t a b l e  aggregates acolltnala t e a  d a r i n g  the l i f e t i m e  

o f  p e r e n n i a l  g rassee .  The s o i l s  having the g r e e t e r  percentage 

o f  s t a b l e  agg rega t e s  w i l l  show the  l e a s t  d e t e r i o r a t i o n  dur ing  

t h e  r o t a t i o n .  Grasees a r e  considered by Tsygenor ( 5 6 )  t o  be more 

e f f e a t i r e  than legumes f a  aggrega te  s t a b i l i z a t i o n .  However, aom- 

b i n a t i o n s  o f  grass a n d  leganre are a o n r i d e r e e  d e s i r a b l e  beasurr of 

a i t r o g a 8  f i x a t i o n  by legalas8 a n d  o f  g r e a t e r  hag. y i e l d s  obta ined 

f r o m  m i ~ f i a r a s ~  

Pallev, @ p p e r e a t l y ,  redaass rggrsge t o  a t a b i l i t y .  Tho low- 

e a t  &rgrra  o f  a g g r e w t i ~ n  was f eaaa t o  e x i s t  nader eondinusas 

Tho average o o a t e a t  o f  t hese  s a i l  saraplea 



m 
1 .  

-, 

%a ssirlgrr811r bigher thrs of the r o i l  =rider wheat a o a t i a e e n r ,  
/ 

yat  the aggragat iba ueder eontiaoaa* wheat  is ware f s * o = b l . r  

'Phi cr apparently suggestcl thr t the 8 p D e m  of aul  tare irtsrferrs 

w i t h  the s o r r e l a t i o n  o f  aggregation with orgsaia matter oon%e@fk. 

Appliartioa of manure rppsreatlg f a v o r s  a g g r e g a t i o n  . 

atebiliby. this agree. witrh the work of i l l s o n  ( 2 2 )  who fanad 

tha t  m a n u r e  sigaiiioantly i n o r e a s e d  masra-aggrega t i o n ; -  the 

greatest  i n c r e a s e s  being n o t e d  when t h e  soil w a s  in a m o i s t  

stadg of the e f teot  of i a a o r p o r a t i n g  a n d  burning s t r a w  

on the Unitersity far@ plots i n d i a a t e s  a a l i g h t  b e g e f i a i a l  e f f e a t  

o f  s t r a w  on s o i l  a g g r e g a t i o n .  The level o f  o r g a a i e  earbsn sab 

~ b t r o g e n  i a  the p l o t  i n  whiah the s t r a w  waa burned i s  h i g h e r  Ohan 

where s t r a w  hae Been returned. H o w e v e r ,  aggregatioa i s  greatar 

in the p l a t  i n  which s t r a w  has been returned. The p r o b l e m  of 

i n e o r p ~ r a  t i a g  or burning of lsl t raw is a n  irnporPant o n e .  Greg \ 

y i e l d 8  are redaaed, due t o  the  'tie-up of n i t r a t e a  bg bsaterirr, 

when 8tr& i s  i n a o r g b r s t e d  f a  the soil. l o r e  work is requ ired  

o n  this problem t o  determine w h a t  s h o a l d  be d o n e  w i t h  res id lu l  

A aorarparisoa o f  s o i l  u n d e r  ra ta . t ; i vn  with c lover  i n a l n d e d  

a s  the grean,manure erop against soil ander Che srme r o t a t i o n  

withoat c l o v e r  shows a slight inorease  o f  aggregation with e l o v e r  

presenh 

ghe aecmpaayiag ftgrzre showd. the  effeat of c l o v e r  on I 
r @ p a b t S e a  i a  tb. f i c r t  year a f t e ~  grera maaarlng i s  appereot ly  

f@t#a. ie iaapt .  -5. graph e l s o  suggests the e f f a o t  of the ooltarsl 

Oreatmeat.  U a d s r  o o r a ,  eggregate s t a b i l i t y  i s  greater  than nsdrr 

wheat. P h i s  aou ld  $9 due t o  soil v a r i a t i o n .  J e s s e  B l e a o  ( 2 8 )  



Aggregation with clover a s  the green mmure and 
with a grass-legwecrop three years out of four. 

80 - - n o  green manure 

I sweet clover 

Year 1--Fallow plow down 
sweet clover; 

Year 2--Wheat; 

Year 3--Corn; 
. - 4  
Year 4--Whlheat sow sweet 

618t9r. 

rear l--Wheat and corn, 
(Range is s p l i t )  

Year 2--Seed down grassea and 
legumes ; 

Year 3--Hay; I 
Year 4--Hay and break. 



a l s o  t h a t  elo?rs p l o t r  a h ~ ~ e d  bettiar aggregation thaa wheat and 

a o r n  p l o t s .  %!he s p p r ~ e n t  ia6rea8r i n  aggregation 8ae t c  a l o r e r  

oa the University f e r t i l i t y  f i e l d  agrees with l i tera  t ~ ~ q  data. 

T n  the ra  ta  t i  on  o f  three yerPs grass-legume mixtars . a a  

iaorrare i n  aggregat ion oaaars with the l e ~ g t h  of time the mix- 

tare has been e h t a b l i a h e d .  The resa l t s  i l l a a t r a t e d  i n  hfgurs 

80. ghree sl idw deareare i n  aggragat ioa  taker  . p l a a e  a f t e r  the 

grr~cr-legme mixture is plowed up, a n d  an inorbarre i n  sggreg- 
I 

s t $ o a  fda&awr the s8tabl ishn$s&t ~i a grass-legalas lairtare. The 

p l o t r  were sampled i n  the fall a f t e r  the hay crop  ha& been rr- 

mare& rand the s o d  broken a n 8  Bao'lsset. !Phis aeererase in aggreg- 

a t i o n  i l l q ~ l t r a t c r s  the dgnamia satare o f  soil a g g r e g a t i o n .  

It i s  i l n g 0 ~ 8 i b l ~  t o  draw oanalasi'oarr from a s i a g l r  d e t a w  

r t a n t i o a  of a o i l  a g g r e g a t i o n  on a r o t a t i o n  system. f e r f a t i o ~ .  in 

aois tare  a o a & i t i o n % ,  stags of arsp,  maturity a n 4  a u l t i r a t r o n  , 

aethods  a l l  caaae ,a + a r i a t i o n  i n  a g g r e g a t i o n .  A study o f  soil 

eggregation antier df  f i e r e a t  r o t a t i o n  schemes shoal& be earriea 

s a t  o v e r  a per iod  of time i n  whioh the r o t a t i o n  oan eomplete  a 

f u l l  a p a l e .  S a m p l i n g  o f  the p l o t s  s h o u l d  a l s o  be done several  

times eaoh year. . 

The results o f  t h e s e  8 e t e r m i n a t i o n s  on soils uader 

r o t a t i o n s  i n d i e a t e  t h r e e  apparent treads:  

( 1 )  B.llaring oaoses d e t e r i o r a t i o n  o f  w a t e r  stable aggreg- 
a t i  013. 

(21  Aeocmprsable orgaa io  r e s i d a e a ,  suoh a s  maaare, green 
manare ar@pr, am& atraw, inarease a g g r s g a t i o a .  

( S f  & pw?u#-legarn, nixtarr, ia i ; the  r o t a t i o n  reiults i n  a 
r p t L e d  iaareaar  i a  a g g r e g a t i o n .  

[b) %ha w f e e t o f l i e a t i o n a  time and Sulfar 

( $ 1  Iehhad. 
f.- 



V? . TABLE NO. 13, 
L. 

t t 'Aggreg. ,Average t 'Average 1 t 'Average 1 t 
I t t 'Iggreg. 1 Organic: 'Organic ,Average t C/N I 

Ploe't Treatment .25 nnnt .25 nrmt Carbon* Carbon'NitrogenlNitrogent Ratio pH. 1 
? *  I t I T I ? ? t T t 

'3-29-7 Check 
1.3-29-11? Check 
f 3-29-8 1 *500 l b ~ .  sulphur t 41.84 -t ' 3.58 t .320 t '7.48 I 

t3-29-9 +1000 lbs. sulphur 138.13 140.12 1 3.29 t 3.63 1 .302 I .325 1 11.2:1*6.571 
13-29-10? +2000 lbs .  sulphur 1 40.40 1 t 4.02 1 t .353 t t r5.851 
t t 1 t t t t t t t a 

+Applied in the spring of 1946* 

TABLE NO* 14. * 
THE 'EFFECT OF L 

I t 1 Aggreg. 'Average 9 'Average' . t 
1 

1 Averagd 
t t tAggreg.tOrganiot0rganict 'Average c/?? , 
t Plot, ~otation t .25 .25 mmc Carbong CarbontBitrogentNit~ogent Ratio t 
t t t t t t t t t t 

*A-$43-5 fyr. 5--corn 
'A-31-5 yr.4--barley 
,A-.32-'5 tyr.1-f@llow (limed) 
(A-33-5 tyr.2--wheat 

'A-30-7 tyro 5-corn t 4,39 t .a36 t t 

(A-31-7 1 yr. 4--barley ' ' 38.92 ' 34.30 t t I 
'A-32-7 9yr.l--fallow (no lime) 31.85 9 1 3.22 4 

' .295 ll..9:l , * 2*78' 3.50 , e 5 J 8 t  
1 

'8-35-7 tyr. 2- -aeat  30.01 t 9 3,63 . 2 5 7 ,  t 1 



. .t%neb r a a  high.  Thsss .ample. n s r s  aIlored t o  dry i i s  the  laborg+ 

1- . I 1  < 

' a t0r7 before  aggrsbate sea l y a i s  w a s  d e t e m l a e d  npoa them. 
? 

The r e s u l t s  o f  this i n v e s t i g a t i o n  are  eaam6ratsd i n  %Bier 

%a. 13 end  14. 

( i i i l  Discuss ion  o f  result-s. 

The q s e  o f  l ime apparently d o e s  d o t  inarease aggrrgatie~ 

extent -  ~ h l i u r  may h a v e  some e f i e o t  on the w a t e r  .iVm : 
a~gregation of a soil. 

,h 

~ r p d j i e l d  ( 6 )  has r e p o r t e d  p o e r  e t raa tara l  coad  

ii Ohio 8oils. One, a heavy glacial lake a l r y  w a s  n o t  b e n e f i t b e d  

by clppliaa t i e n s  o f  lime. J o h n s t o n  and Hill (31) , report ing &:'! ' 

song highly a o l l o f d a l ~ .  readziaa s o i l r  in Teraa, f o a n d  dry 

ornaking a e d  a l o d d y  oonditiona sxistiag i n  these s o i l s  w e n  t h o u  

. the$ show a hIgh lime aomporition, 

fn the  p l o t  samples s t u & f e U ,  f r e e  caloiam earboaate is 

eaooantered  e i t h e r  i n  t h e ,  p a m r f ~ c ~  stx gnahes 
2-5 ?%?I*- [I.- 1 ..% . . I . Frny @ . Srnf . I  J 

ql w t h i s  de,pth. The a p p l i a a t i a a  ef hydrated lime t o  bhecre high . '#I-&. 
.L.. 1 , '  . c .. 
l ime s b f l t r  has a p p a r e n t l y  shows n o  e f f e c t  apoo the  physi  

p e s t i e r  o f  the r e i X  8s exemplified lay water s t a b l a  aggregatisa 

It4(L ha tlrrur i e a t i l i t y  field p l a t s .  Uader these lrpplia 

tb.8ta m y  ha*. beel! rams i n o r e a r s  in aggregation.  he r 

girarr iq 'Eablr no. 1.23 show one ef the  eheok p l a t r  h e * i n g * v ? e r p  



' ' f  

0n OI thlau p l ~ t  h a .  be.. radaoed t o  a p l  of 6.81. 
. . 

The surfrae d r a f e a g r  asarea by aiaro-rrl ie i  it i n  the d i r e a t i a a  

o f  this oheak '*lot. This p l o t  should gpabably be i a a l a a e d  'with 

those of' salfur a p p l i c a t i o n ,  a s  much sulfur has b e e o  deposited; 

sn i t  by the movement of sariroe w a t e r ,  

The rdmaiaiag cheek p l o t  is very l o w  io organic  aarbomy 

also the 'water s t a b l e  a g g r s g a t i o a  of' t h i s  p l o t  is maah l e s s  tha 

t h e  other four p l o t s .  I t  c a n n o t  be assumed t h a t  s u l f u r  i n a r e a # @ @  

aggrega t ion  i n  t h e  o t h e r  plots a s  the l o w  o r g a n i a  asrbon oontrnt  

i o r a  

b e  the  oaase of poor aggregate s t a b i l i t y  i n  t h  

Farthar i a ~ e s t i g a t i o a  i n t o  the u s e  of s u l f u r  a s  an amel -?  

nt a n d  a l s o  a s  a fsr.t;iliser are required.  A s  the 

saliar i s  h i g h ,  a r e l a t i v e l y  large i n o r e a s e  i n  aggregat ion o f  (I 'I 4 
rathe l i  permanent natur6  would  b e  required t o  j a s t i f y  i t a  asek 3 
but, aa  it ha8 the  e f i e o t  of l o w e r i n g  t h e  reaadia.n of a s o i l 4  

the v a l u e  i b s  a c t i o n  .has i n  c r e a t i a g  a s o i l .  medium more iaror.blc 

C a I W B  PGXESIW6 BII'PIO OF EXDBAIPGEABLB 'BASES 
xmxmnle s r s~ms  OF aumvax, 

SOILS 

In the study *of v i r g i n  p r o f i l e s ,  i t  'was established t h a t -  ., - - 

there waat a c o r r e l a t i o n  between the exchangeable ealainrm magaesbus 

r a b i o  a s d  the phgaiabl p r o p e r t i e s  of the  l a c u s t r i n e  a l r y  s o i l s  o 

the Bed River Valley* I t  a l s o  was shown t h a t  under t h e  systems 

of a a l t u r e  tzsod i a  area,  a dearers@ i s  n i t r o g e n  and o r g s n l e  
. -  

matter, a r d  s glaerrl  d i s g i r s i v ~  r o i l  a a t i a a  appears P o  ba l a  

gm#m@r'* . 

ma axahangeablo aala iu ls  s a d  magnesium were determine4 

023 aet~epa1 P Q & ~ ~ O O S  from the experimenCa1 f i e l d  3;s ersoertsin 





4 '  , ,  

acokpan3ia dp r rsrrb+f ig i f .  the a r l o i ~ l  nagneaiam ra ti*. 

The samples  a n a l y z e d  w e r e  taken from f o u r  r ~ d d w ~ ~ s ,  

B l o o k s  2, Range8 2 6  t o ' 2 9 ,  P l o t s  1 a n d  2;  an& Block 1, Raages 

2 6  -b29, P l o t s  8 and 11. Calaiam. magnesium, t o t a l  baa6 ex- 

ahrage c a p a a i t y  and o r g s n i ~  oarbon were de termibed by t h e  

mstho&s o a t l i n e d  under s t u d i e s  o f  v i r g i n  s a i l s ,  

The d a t a  o b t a i n e d  a r e  given i n  Tab le  Bo. 15. 

D i s e u s s i o n  o f  R e s u l t s a  

The ca le ium maga-esium r a t i o  v a r i e d  i n  the s a i l s  .under 

& % f i e r e n t  r o t a t i o n s . ,  b u t  t h e  var i .8  t i o a  w i  t h i n '  t h e  r o t a  t i a n s  were [ 
greater then  the * o a r f a  tions between t h e  t r e a t m e n t s .  L i t t l e  

a i g n i i i a r n c s  i s  t h e r e f o r e  a t t a c h a d  t o  the # a r i a  t i o n  i n  a d a i a m  

magnesium ' r a t i o  BeQween t h e  r o t a t i o n s ,  

Th~~oalcium'magnesium r a t i d  was fotlnd t o  be a s  h l g h  OF 

h i g h e r  than the r a t i o s  whiah were f o u n d  t o  e x i s t  i n  t h e  phyto-  

morphia Red R i v e r  s o i l s .  A p p a r e n t l y % t h e s e  s o i l s  have enough 
r+ r .  - . .. ern .- 

e a l a i a m  p r e s e n t  t o  mask any d i s p e r s i v e  a o t i o n  o f  the magnesium 

i o n  i f  the s t u d i e s  on v i r g i n  Red R i v e r  a o i l s  o a n  be used  a r  8 

s taddard .  

There a p p e a r s  t o  be d 'wide digorepanay  i n  some ease8 I 
between t h e  sum of t he  c s l a i a m  a n d  magnesium bases a n d  t h e  smaaat  

o.f hnnoaia-: abmoraea, t h e  sala of  the n i i l l i a q a i v r l e a t s  o f  a a l c  turn 

. ' = * p a  r .k .e lsg greater t h a n  the  m i l l l e q a l t a l e n t s  of ammonia 

abaarbr(L. Zs t h e  . .o i l s  antler stuay, oalainm barbona te  a n d  pro- 

P a b l t  ragaestrun carbonate  ocoar.  These i r e s  a a r b o n a t e s  q u i t e  

defiait.1) ' w o u l d  e f f e o t  t h e  oalciurn a n d  magnesium v a l u e s  a s  t h r  



.- . 

mrierrlra. r f  %heso $we h a &  are t e  .ome m ~ t u n t  aalkble %B fh. 

rrnastlla aasSaQr so lat fan ar.s@ as a n  &imbns$i~~ .@@at. 

)pg~ren'tlt ,  the a a l o i u ~  m.g~sr iam r a t i a l  40 h o t  dii9.r  

sufficiently t o  warrrat  any  d i f f e r e n t i a t i o n  tmoag the r o h a t i s a r l  

systems. The oa la ium magdesinm r a t i o s ,  when  aompared t o  BeQ 

Biter soil@, are high enen@ that  d ' l s p ~ r s I o n  8houla n o t  BC1482r 

b* . 
I n  t he  study of s o i l s  in f luenoed  by o u l t a r e ,  several 

p a t t e r n s  o r  trends are a p p a r e n t .  The most s t r i k i n g  e f f e a t  o f  

c a l t o r o  upon t h e  soils on the U n i v e r s i t y  f a r m  i s  the ganera l  

beoreare l a  b r g a a i c  aa rbon  a nd n i t r o g e n  which h a s  taken p l a c e .  

Bed River s o i l s  adtiter v i r g i n  c o n d i t i o n s  aaaamalato 

large, reserves sf o r g a f i c  aarbon and n i t r o g e n .  . Ti l lage  i n t e r -  

feres with t h i r  natarsl s o i l  3aii'ding proaess .  

U u B e r  o u l t a r e ,  i t  i s  not  p o s s i b l e  t o  maintaim the 

organic m a t t e r  co 'n tan t  o f  a s o i l  a t  &he l e v e l  found under  virgirp 

0019ditioros. ;I;reeving the soil i n  v i r g i n  a o n d i t i o n  would Be the 

only g o s s i b l e  wag of-.keeping any large a r e a  o f  s o i l  a t  the ' h igh  

levels o f  f e r t i l i t y  encountere&.-in t h e  v i r g i n  s o i l s .  A, desreasr 

towa-rds a new e q u i l i b r i u m  p o i n t  is i n e v i t a b l e  under e u l t u r e .  

The s o i l  o f  the f e r t i l i % y  f i e l d  s t u d i e d ,  shows a r e l a t i v e l y  high 

d e a r e a s e .  i n  n i t r o g e n  o v e r  t h e  last e i g h t e e n  years and a l a r g e r  

p e r c e n t a g e  deerease f n  o r g a n i a  carbon u o n t e n t .  T h e r e  i s  reason 

t o  believe a n  e q u i l i b r i u m  i s  b e i n g  approaahed b u t  t h e  t r e n d  i s  

dmanard anler the preaeat eystemr of arxltare. 

& l ~ m # B .  the  earboa .ad n i tregeo  i ~ r ~ l s  of the s o i l  are 

Ci311a(g aa8.r the ~ ~ l s t % a a  o i  r o t a t i o n  i n  opsrat iea  o e  the frpO- 
1 

t l l a y  field, i t  s a a a a t  be concluded that  legumes, g r a s e i l  o r  

green a e n a r e s  should not be used i a  a r o p  r o t a t i o n s .  F r l l o r  har 

1 



arop a'nd s grass-legaae aixtarr inorearea the aggrqphr .tab- 

f l i t p  of a @oil. ? a  cr r o t a t i o n  the  longer  the  p e r i o d  devotrd  

t o  growing  grasses a nd legumes, the  grea  tar t h e  development 

09 s t a b l e  aggrep&esa  

I n a o r p o r a t i o a  of deaaagoseb le  o r g a a i o  matter  aaaaeo i l r  

inarement in r a t e r  s t a b l ;  aggrega t i o a  and a p p a r e n t l y  help. ao 

m a i n t a i n  the o r g a n i c  aarbon an! n i t r o g e n  levelm o f  the  s o i l  st  

r e l a t i v e l y  higher l e v e l s  than i f  no organ ia  matter i8 added. 

I a  a r o t a t i o n  o f  f a l l o w  every o t h e r  year, w i t h  and w i t h o u t  mannP*, 
I 

the o r g s n i a  matter  a a n t e n t  of t h e  s o i l  and aggregate s t s b i l i t y  

uader a p p l i o a t i  oa of manare w e r e  s i g n i f i a a a f  ly graa t a r .  The 

a p p l i a a t i o n  of s t r a w  w a s  found  t o  show a p o s i t i v e  e i f e a t  en 

aggaegat ion  sf the s o i l ,  

Tho a p p l i o a t i o n  of l ime a p p a r e n t l y  eaused n o  a i g o i f i a a o t  

iadrease  i n  a g g r e g a t i o n  i n  the p l a t  s t u d i e d ,  and  t h e  a p p l i a a t i o n  

of  sall':ur gave a a o e r t a  i n  r e s u l t s .  More e x p e r i m e n t a t i o n  is  neo- 

essary t o  a s c e r t a i n '  t h e  e f f e a t  o f  salrfxar than i s  o b t a i n a b l e  from 

the present  s u l $ ~ a r  exper iment .  

The ca la ium magnesium r a t i o  i s  r e l a t i v e l y  h i g h  i n  the 

s o f l s  o f  t h e  f e r t i l i t y  plots i n  comparison t o  the r a t i o s  deter-  

mined i n  v i r g i n  s o i l s .  Bo d i s p e r s i o n  shou ld  result on these 
I 

p l o t s  f r o m  the e f f e e t  of  the magnesiam i o n  b e m u s e  t h e r e  appears 

3 s  be s a f i i s i e a f  salaiam present t o  ~ o a n t e r a a t  i t s  iaflaence. 



Aaaardiag  t c - . b e  Sigmond (lb) %he f irst  a t tempt .  I!&# 
t 

i l a p r a r e ~ e n t  'of a lka 1% soils w q s  r e a o r d e d  i n  the  e ighteenth  6.a- 
. I 

tory.  The nethod o f  improvement of the  s o l o n e t z  rtraetare stah- 
I 

l i n e d  by early i a r e s t i g a t o r s  was l iming or m a r l i ~ g .  H i l g a r d  
, - 

(28) oerr iea  out ex tens ive  i n v e s t i g a t i o n s  using a i l a i m  ahlpbat& ;; 

a s  the a m e l i o r a a t  for s o  called " b l a a k  a l k a l i *  d o i l s .  De Sign 
.' 

F 

mond ( 1 6 )  refers t o  t h e r e l a t i v e l y  high o o s t  o f  saah eparst ioas  - 

sad  p o i n t s  oat  the need of knowing the sodium darboaate @oa*.b% 

o f  the soil s o  t h a t  neither  to^ l i t t l e  n o r  t o o  maah gygaam w i T T  

be a p p l i e d .  fell;g (23) a t s t r s  t h a t  d i f f i a u l b g  is ancoantrred 

i a  rec la l sa t ion  of hezvg  soi'ls bat t h a t  l i g h t e r  textured sr i l lr  

The a s e  o f  aluminum su lphate  and  iron s u l p h a t e  a s  a m  
4 

araediorant has been attempted by Batkin ( 5 )  and  other iawest ig -  

a t o r r .  However, hhrercr (48 ' )  o o n e i d e r s  the  a p p l i a a t i a a  'of these  

a r n a l i o r a n t s  t o o  a o s t l y  f o p  farm use. 

f S ~ l . $ ~ u r  i n  i t s  elemental form and  a s  s u l . f l u r i e  a o i d  has 

been used 8s a n  amelioramt.  Snyder a n d  e s s o a i a  tep ( 5 5 )  report  
# 

s u 1 f . n ~  t o  be s l i g h t l y  more e f f e c t i r e  then gypsum i n  the realrm- 

a t i o n  proaers .  A c c o r d i n g  t o  Powers ( 4 8 )  " the  elemental % ~ 1 f ~ r  1 
. i s  o x i d i s e d  by b i o l o g i a a l  a c t i v i t y  main ly ,  and aombines vi*h -1 

rater  t o  i o w  r a l f ~ r i a  .@id. !!?his@ oresots  w i t h  t h e .  aa lo ium aa.rbo& 4 
a t e  in *islab s p % l  %0 fom uaJTeiam astalfate and increasers the Q ~ ~ Q % P ; P ~  

I . d 
sratraag@ fresriag the, abrorbea rodfum from the a l a y  s o i t  o a a  be h 



e+a eafb,eb er o r p n i s .  art0.r on per$mrbi l i ty  .ad aggg~eg- 
% 

1 .  

a t i a n  a t  heavr .@ ilr has beea given e o n s i d e r a t i o n  by many i n r s r t -  

i g a t o r s ,  Bctkin f S J  r e p o r t 8  r t h i r t y - t h r ~ e  per a e ~ t  inaresea i n  . 

permeability i n  e n  a l k a l i  soil by the  addit ion o f  o r g a n i c  mattar.  

Browning a n d  H i l a m  ( 1 0 )  i n  s t u d i e s  of d i i i a r e n t  orgarria materials 

r e p o r t  that those mater ia  1s. a h i a h  r a p i d l y  decompose inareacre 

a g g r e g a t i o n  i n  a few dare ,  w h i l e  t h e  s l o w e r  decompasing m a t e z i a l 8  I 
take l o n g e r  t o  e x e r t  t h e i r  binding i n f l u e n c e  b u t  remain r i f e a t i r e  

o v e r  a g r e a t e r  per iod  o f  t ime.  The g e n e r a l  o p i a i o n  o f  Wilsoa and 

F i s h e r  ( 5 8 )  and other  investigators i s  t h a t  i n  a s o i l  of l ow  

o r g a n i o  m a t t e r  i n a r e a s i n g  the o r g a n l o  asrbon o o n t e a t  o f  the s o i l  

w i l l  BaIXse inareasell  aggregation. 

P o w e r s  ( 4 8 )  reports a m i x t u r e  o f  manure a n d  salfi.ur r a  

b e i n g  the most e i f e o t i v e  method o f  improv ing  t h e  s t r a a t a r e  o f  

a l k a l i  or ~ s o l o n e t r w  soils. The manare ' i n  deoornposing prodnaee 
a 

crarbon d i o x i d e  and  oarbonia  a e i B .  I t  a l a o  a468  maiara-orga n i s m a  

whfek a i d  i n  t h e  o x i d a t i o n  o f  sulphur. Two r s a s o n a .  for poor  

f e r t i l i t y  i n  a l k a l i  l a a d ,  he r e p o r t s ,  are low o r g a n i a  mirtaer and 

clarbon d i o x i d e  c o n t e n t .  S i n c e  m a n ~ r e  r e t s i n s  s o m e  a e f d  f r o m  the  ,' 

I 
s u l p h u r  a p p l i o s t i  ona ,  the c a l l o l d s  are  flocculated and s t a b i l i s e d .  I 
Y a g i s t a d  and O h r i t t i a n s e n  ( 3 9 )  suggest' the use of sulf?ar w i t h  r , 

green manure crop, a s  barnyard manure is n o t  a l w a y o  r e a d i l y  a v a i l -  

a b l e .  A$ a n  advantage  i n  t h i s ' m e g h o b ,  they s i t e  the v a l u e  o f  the  

r o o t  a a t i o n  o f  the green  manure c r o p  i a  promoting goad soil 

a l i a i ~ e d  phase of the 



i l i t y  o f  aggregat ion  r e l a t i v e l y  low. 

( I e e a i n  a m e l i o r a t i o n  prac t i a e s  a r e  suggested from a review 

ef l i C @ r a t u ~ s  an&.froa o b s e r v a t i o n  o f  the results o b t a i n s 6  i n  

prev ious  e x p e r i m e n t a t i o n .  A e o n t r o l l e d  experiment was s e t  a p  t o  

determine the effeats o f  both organic and inorgaaio a r n e l i o r a n t s  

upon p h y s i a a l  p r o p e r t i e s  o f  the s o i l  f rom t h e  B1 h o r i z o n  o f  the 

Xorris d 8 g m  dsd soil. 

1. W E '  EFFECT* OF ~ m M E T I T S  GO WATER S T A B I L I T Y  OF SOIL AOPIREGA!fBS 

& Psvfew o f  l i t e r a t u r e  indicated that several  amendments 

have been uBed i n  t h e  a m e l i o r a t i o n  o f  the u n d e s i r a b l e  phyaioal 

conditions of  a Wsolonetzw soll. The use  o f  s i m i l a r  improvement  

p r a c t i c e s  oa  t h e  wmagnesium s o l o n e t z *  ( 1 1 )  s o i l s  o f  t h e  Bed R i v e r  

v a l l e y  under l a b o r a t o r y  conditions w a s  a ttem;oted t o  determine t h e i r  

v a l u e  on the magnes ium type of H a n l o b e t x R .  

( i )  Hemod 

The B1 horizon of the degraded a l k a l i f i Q s e d  phase of t h e  

P o r r i s  a s s ~ a i a t e  was ground o n  a, mortar  board t o  p a s s  t h r o u g h  a , ..- 

3 
$re mfllimeter s i e v e .  The rate' o f  a p p l i o a t i o n  o f  a m e l i e r s n t s  

w a s  determined a o a s l i d e r i n g  t i l l a g e  depth o f  s o i l  t o  bo s i x  i n a h e 8 .  
\ 

The aneadlnenta were thoroughly mixed w i t h  the  soil p r i o r  t o  plaa-  

i.g i t  i r  pet* h a v i n g  @ f i r e  insh diemet.r. The tres,tments i a - -  
I 

.a4b4sa (. 

I I .  Oil#?ar a t  t h e  r r t i  of one t a n  per  aare  

8.  ggpaum(0a ~ 0 ~ 2 ~ ~ 0 )  st the ra te  b i  f i v e  t o n a b p e r  a a r e .  



. . 
4. lrZatglar ~arbeaectte a t  t4w mfa af 3 ~ 8 4  tot98 per aers.  

5. Calaiana earbanate  a %  the rate of five ton8 per a6re .  

6. Barnyard maaare and ecrleirua oarboneto  s f  the ree- 
peot ire  rates of t h i r t y  end f i v e  t o n s  per 

7. Barnyard manure a n d  gypsum a t  the r e a - p e a t i t e  rate. 
of thirty a n d  f i v e  t o n s  per 8 0 ~ 6 .  

8 .  Barnyard maaura a n d  s u l f ~ r  a t  t h e  resgebtire rate8 
af t h i r t y  and  one t o n  per aare .  

7 

9 .  Ohopped a l f a l f a  a t  the r a t e  of f o u r  t o n s  per aare.  

1 0 .  Barnyardmanure e t  the r a t e  o f  100 t o n s  p e r a a r e .  

The m o i s t a r e  e q a i v s l e n t  o f  the s o i l  w a s  a e t e r m i n e d  altd 

t h e  moisture  c o n t e n t  o f  the s o i l  r a i s e d  t o  this p o i n t  e v e r y  sea- 

bed day .  ' A ~ ~ l i a a t i o n  qf wafer w a s  s t a r t e a  on Deoember 28 ,  1948 ,  kt:;. :- 
and aontinued until Harch 19, 1949 .  On Earah 25 the soilr werg 

r e a o v e d  from the  a o n t a i a e r a .  A water s t a b l r  a g g r e g a t e  analysis 

was oonducted us ing  the w e t  s i e v i n g  t e a h n i q u e  developed- by 

~ o w l e s '  (S$)previously o a t l i a e d  under HStudies o f  Bed Rir er 
- ,  

%he r e s u l t s  o b f a i a e d  are presented i n  Table l o .  16 and . i. 

p i q a r s  l o .  Four. 

The treatments used appa rent17 d i f f e r  i n  their effeat 

on aggregate s t a b i l e i t y o  111 treatments resul ted  i a  an i n o r e a s s  

o v e r  the aheuk p a t .  

A r @ l a t i t e l y  largo i n e r e a s e  i n  a g g r e g a t i o a  from the ase 

sf r a l f a ~  is asfed. f#al iar has bgao a+ed i n  the  realamation ef 

m ~ a ~ o s ~ ~ s r  soils i a  i t 8  e l e m e n t a l  f o m  ead a s  s u l i u r i a  a o i d .  

Snyder ( 5 8 )  reported sulfur s u p e r i o r  t o  gypsrtrn i n  a m e l i o r a t i o n  

o f  w801anetzW soils. S u l f u r ,  i n  o o m b i n e t i o n  with manure, was 



PERCENTAGE AGGREGATION > .25MM 



TREATED WITH VARIOUS ANELIORlhWTSe' 

t 1 Percentage Percentage I Pe~aentaga 
t 1 Aggregates- f Aggregates Moisture I 

I Treatment t 1m91 1 .  . 2 5 m  t In Soil t 
.. - -  --7 - - 

masst 
1 sulphur per acre 
5 8 Ca,SOqe2Bg0 per acre . 
5.51 toas CaC03 per acre 
6 tasa GaCOg per acre 
30 tqna manure + 5 tons CaC03 
80 .tons manure + 5 tons CaSO4.2H20 
30 %ens manwe + 1 ton sulphur 
4 %@a1 @hopped a l fa l fa  
100 %ens manure 



L 

fmprore aggregat ion t o  any degree o v e r  the  use of s u l f a 2  a l a a e .  

in ag~rega t iom.  Both are  r e l a t i v e l y  i n s o l u b l e  i n  w a t e r .  I n  a 8  

sxp~rlmbnt a o n d a ~ t e d  over t h i s  period o f  time, they p o s s i b l g  de  

n o t  show t h a i r  maximum e f f e o t .  A slight i n o r e a s e  i 8  ao ted  w i t h  

the use o f  ambinakions o f  c a l c i u m  earboaate  and gypsum with 

I P L ~ O ~ T Z ~ B .  I .  

Alfalfa, whieh had been  ahopped up p r e v i o u s  t a  i t s  inaorp-  - 

oration iato the soil, gave the highes t  degree o f  aggregation.  

Panure a t  one huadred tons per acre asused a n  inorease  i n  aggreg- '- 

a t e  stability o f  just s l i g h t l y  less than  t h e  chapped a l f a l f a .  

A l f a l f a  at the rate of four tons per aare aaasea grea ter  aggseg- 

a t e  s t a b i l i t y  than manure a t  the r a t e  o f  100 tons p e r  aare .  f t  

mag be Chat t h e p h y s i c a l  and ahemiasl o h a r a a t e r i a t i a r  o f  the 

o r g a n i a  matter  may jnfluenae aggregate s t a b i l i t y  more than a o t a a l  . 

q u a n t i t y .  

Browning and Yilam (10) f o u n d  that orga n i o  materiala ,  

whiah deoompose readily inarea r e  sggrega t i o a  w i t h i n  s f e w  Bays. 

. aome t o  r maximum e f f e a t i r e n e s s  and gradually beoome i n e f f e a t i t a  

with time. $loner deoamporiag material8 require a l o n g e r  t i n e  . 

t o  exert a binding eifeot, but c o n t i n u e  for a longer time. 1 

B$ifareases i n  the  e i i e s t  of o r g s n i a  a n d  f n o r g a a i a  m p P ~ r i a l a  r w  

. t . B @ 1 3 1  i s f%o@seM 'by t i a e .  Were work is required on Bho rllL*lia- 

8 B ~ . i ~ r  s o i ~ r  w i t h  the are of i n o r g a n i c  And organic arn.1- 



1 24 tons rn0nur.e 
# 

H O U R S  

The effeo t of a~g.sic and inorgamic amendments 
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%h#~ Ilk*& U r r r  sLap m f i r  ex@@, high ly  imperrarble t o  

rater--the a l b r l i a i r a d  and degrade4 alkaliaired p1lar.S of fh. 

&f@sris s o i l  a s s o a i a t s  e x h i b i t  s l o w e r  I n f i l t r a t i o n  r a t e s  t h a a  

the o t h e r  soil a s s o c i a t e s  -(Caldwell (11)). An  i n o r e a s e  i n  -soil 

p o r o ~ i t g  i s  of p r imary  impor tanae  i n  t h e  improvement o f  exist- 

i n g  p h y o i a a l  aond i  t i o n s .  Appl iaa  t i o n s  o f  ggpsm, l i m e  o r  ralftzs 

t o  a m e l f a r a t e  e o l o n e t z i c  aoncl i t ions  i n  w s o l o n e t s w  s o i l s  have bean 

sugges ted .  These q o i l  amendments were a t i l i o e d  i n  t h e  treatmen* 

of a magnesium s o l o n e t z  s o i l  i n  an i n v e s t i g a t i o n  of t h e i r  r e l a t i r .  

e f f e c t s  on p o r o s i t y .  

( i )  PtethOQ. 

80% 1 from t h e  same sample on  which aggregate studies 

were oondaated  ( s e e  page no. 6 7 )  was used i n  t h i s  s t u d y *  

r a t e  of a q l i o s t i o n  o f  a m e l i o r a a t s  w a s  c a l c a l a t s d  on t h o  b a s f a  

of aare'  six inch d e p t h  of s o i l .  The a m e l i o r a n t s  were thoronghly 

~ i z e i i  wf t h  t h e  s o i l  b e f o r e  t h e  s o i l  was p l a a e d  i n  p e r c o l a t i o n  

tubes. Amendments used i n  t h i s  exger iment  iaoltzdea: 

1. S u l f u r  a t  the  r a t e  o f  l e  5 pe r  aare .  

2. -6ypaum ( o ~ S Q ~ . ~ H ~ O ~  a t  the r a t e  of f o u r  t o n s  per a a r e .  

a 
3. Calcium oarDonate CaCOa a t  t h e  r a t e  of  f o u r  t o n s  p e r  

4. Barnyard manure a t  t h e  r a t e  o f  24 t o n s  p e r  sere. 

5. Caloium o a r b o a a t e  a t  t h e  r a t e  o f  1 2  tona  p e r  a o r h  

6. Cheek no t r e a t m e n t .  m 
The daess  an& methods and p e r i o d  o f  w a t e r  a p p l i e a t i a n  

pn@ 68, A t  the  end a i  this per io i i  t h e  p e r o o l a t i a n  t n b e s  were 

p l r a e d  in w a t e r  f o r  18  hours p r e v i o n s  t o  the p e r m e a b i l i t y  deter- 



a a r ~ t g a  eB under a sack iach head o f  w a t e r  and  a o n t l n n s d  aver a 

t w e l v e  hoar p e r i o d .  The aaeaBt a i  water- p s a s i a g  tireugh th.  soil 
. 

w a r  measured e v e r y  two  hours. 

1 ?&a4 

9ba resalts  from f h f s  exper iment  a r e  g i v e n  i n  Tab le  

From the  r e s u l t s  o b t a i n e d  i n  this experiment, two gen- 

era l  o o n e l n s i o n s  ean be drawn. Organfa lnstter i n a r e a s e a  the 

i n f i l t r a t i o n  rate  i n t o  a soil. f n s r g a a i o  amendments shews& ne 

pesaitive e i i e e t  on p e r m e a b i l i t y  in . t h i s  study. 

hehe Htdtnare has increased i n f i l t r a t i o n  of water i a  t h i s  

s o l  l t o  a ra te  s e v e r a l  times a t  large aa water  p e r a o l a t i a a  alsder 

the o ther  treatments. The use  af i n a r g a a i a  amendmeat8 reter&ed@ 1 
the rat 'e  o f  i n f i l t r a t i o n  o f  w a t e r  i n t o  the so%. l .  The treatment 

a f  so3  1 with 12  t o n s  o f  l i m e  and the ohecb s a i l  show a stra Pght 

l i a e  rela t i o n s h i p  be-684 p e r a o l a  t i o n  i n  mil l i l i t er8  a n 8  time i a  

h o a r s e  The, s o i l  which was treated with f o u r  tons  o f  l i a e  an& 

the s a i l  t r e a t e d  with f o u r  t o n s  o f  gypsum g i v e  a eonvex curve 

when the p e r o o l a t i o a  l a  m i l l i l i t e r s  i s  p l o t t e d  a g a i n s t  tias i a  

hours. In the  e a s e  of t h e  s u l f u r  treatment oa s a i l ,  a coneare 

aurve w i t h  r e s p e c t  t o  t h e  hours axis w a s  obtaine8. The rate of 

p e r o o l a t i o ~  i a  this soil nearly donbled  d u r i n g  t h e  per iod  of' 

tima elapaiae;  bstwe6e the 0-2 h a a ~  ard. the 10-12 hoar measure- 
+L;- # 

'6s 'aaneladtab i ~ b m  this sxperinel-it tb t serf l, 

u t ~  raa be taarensed with tirag by sul- : ar a p p l t a a t i o a .  
'I 

- $he a b r t  prolaisiag r e s u l t s  i n  * h i s  study were obta ined 

from the nee  o f  orgaa ie  matter r a d .  s u l f u r .  Parther i a v e a t i g -  

a t i o n  s b e u t  the e i f e a t  of amslieraats on p e r m e a b i l i t y  i s  re- 
q u i r e d .  - v a  - 



la68  pbrcli ssl  sond i t i i oa  .in the morris s o i l s  was fens& t s  

be a o r ~ e l a t e d  with the ahpractrr s a d  amoaat o f  a r g a n i o  a@ttm 

p a d  t h e  base exahange $ t a t a s  of t h e  a b r o r p t i a n  oomplex I 
of t h e  

r e f  1. 4 number o f  r m e l i o r a n t s  w e r e  use& e x p e r i m e n t a l l y  i n  a s  

a t fe lsg t  t o  improve t h e  physiael o o n d i t i o a  of t h i a  s o i l .  l?he 

a l a e l i o r a n t a  used i n a l a d e d  ohopped alfalfa, manure, suffur, lime 

and gypsum9 

Aggregat ion  was f a v o r a b l y  i n f l u e n c e d  by a l l  t h e  e m e l i c r -  

Chopped a l f a l f a  gave the  g r e a t e s t  p o a i t i v e  effret. 

O f  the inorganic amendments s u l f u r  gave the best results. The 

g r e a t e r  the arnonnt of' o r g a n i c  m a t t e r  added i a  t h e  form of manure, 

t h e  l a r g e r  was t h e  i n c r e a s e  i a  w a t e r  s t a b i l i t y  o f  aggregation. 

I n f i l t r a t i o n  of water was a p p a r e n t l y  a d v e r s e l y  a f f e d t s @  

by the use  o f  l ime c a r b o n a t e  a n d  gypsum. Organia  m a t e r i a l  i n  

Che form of b a r n y a r d  manure i n c r e a s e d  p e r m e a b i l i t y  t o  a  v e r y  

a a r h e d  e x t e n t .  I a i t i a l l y  i n i i l t r a  t i o n  w e 8  mnah reduced when 

3c/F 
s u l f u r  war used  a s  the amendment, bat t h e  rate  o f  p e r a o l a t i o a  

p e r  h o u r  i n o r e a s e d  with t ime.  

I t  h a s  been s h o w n  t h a t  the problems o f  the a l k a l i n i s e d  

a n d  degrrtaed a l k a l t n i z e d  phases  o f  the X o r r i s  a s s o a i a t e  a r e  dae 

t o  a t  l e a s t  t w o - f a c t o r s t  
kmkm : 

( a !  The narrow oalaiurn magnesium r a t i o  and t h e  r e s u l t i n g  
d i s p e r s i v e  a a t i o n  o f  magnesium O R  the o o l l o i & s l  aom- 
plex of the soil; and '  

(b) the low o r g a n i a  e o n t e n t  of  the s o i l  u n d e r  %hi8 
e @ ~ B i t i s a .  

agersrd oood2t iaa  of t h e  ~ c i l  i s  a p p a r e n t l y  due t o  the 

o n t e n t  o f  aagnes ihm i n  t h e  base exchange oomplex. I 

.I .. , 



#todlr8 ri'rolla a ~ d r r  r%r#ir  e o a d l t i o n  and  rrnrliar- 

a t i o n  s tud ie .  i a d i a a t e  t w o  steps aeaeaaary if! amelioratiaa 

practises. The f i r s t  8 t e p  i ~ d i o a t e d  is s m o d f i i a a t i o a  o f  the 

bsao exehange complex. The s e a o a d  s t e p  i n d i c a t e d  a s  aeaeraarg 
m, 

i m  a m s l i o r a t l o r  i r  the addition of o r g m t t e r  t o  the  s o i l .  



, -  - 

I g r l a u l t o r a l  praatSssa .ad aatarsl i % s g r s d a t i o n  proossaee 

hatoe p e s a l t e d  ici a e t e r i g r a t i a n  sf s o i l  struotars, sad a i  nszk- 

a b i l i t y ,  o v e r  a large aereage i a  t h e  Red R i v e r  v a l l e y  p l a i a .  

An i ~ v e s t i g a t i s n  of  t h i s  problem has been nndertwksa 

aldlng three l i n e s  

1. A study of t h e  physiaal and chemioal  p r o p s r $ i e a  of 

t yg i iba l  virgin s o i l s  tha t reepeat ive ly  erhibi t b a t h  f a v o r a b l e  

a n d  u a f a v o r a b l e  s t r a a t a r a l  c s n d i t i o n a .  

1). 1 s t u d y  o f  t h e  ehemiaa l  a n d  phys i ca l  m o 6 i f i o a t i a a s  - JJ 5 . 1  ym'; . , . . , . .  
resulting from o a l t u r a l  p r a a t i a e s  on  t h e  f e r t i l i t y  field of' t h e  

U n i v e r s i t y  farm. 

111, &n i n v e s t i g a t i o n  sf methods o f  a m e l i o r a t i o a .  , 

~ h - e '  heavy l aeas tr ine  s o i l s  studied i n  t h i s  i e r e s t i g e  t i o a  

be long  t o  the Red B i v e r  S o i l  A s s o a i a t i o n ,  and  a r e  l o a a t e d  I n  the 

o e a t r a l  b a s i n  o f  g l a o i a l  Lake Agass i s .  

1 The m a j o r  s o i l  a s a o a i a t e s  o e o a r r i ~ g  ia t h e  Bed River' , 

- a s s o c i a t i o n  i n a l a d e  t h e  phytomorphio member (Bed R i v e r  c l a y ) ,  the  

hydromorphic member ( ~ s b o r n e  e l a y )  , t he  halomorphia member (f o r r i  s 

c l a y ) .  Two phraes of the  l l o r r i s  o l a y  exist, t h e  s l l c a l i n i s e d  

phase e n d  t he  degraded a l g a l i n i r e d  phase. ., .p * 1.. 
l l i ae  virgi~ p r o f i l e s ,  r e p r e s e n t a t i v e  o f  the major  s a i l  

.L. . ,>.I ' 
a a a o a i a t Q s  were  examined i n  the  f i e l d  and their morpho log iaa l  ' 

a h a r a s t e r i s t i o s  d e s c r i b e d .  3 e i l  iBamples from a p e a i f i o  horizan's  

s f  theas g ~ @ i i l e s  were t n l ~ r p a r t e d  t o  t h e  l a b o r a t o r y  where their . 

m~tp@@t;2l@ phr@icral dad ahemiosl proper% i e a  were 8e temiaed .  

fybaratrry work ea there soil samples i a a l a d e d  d e t e r m i a a t t o n 8  

( a )  . O r g a n i a  a s r b o a ,  t n o r g a a i o  c a r b o n ,  nitrogea clad r e a e t i e a .  

(b) ~ x c h a a g e a  b l e  b r r a s  and  r e p l a  o e s b l e  hydrogen.  

- '76 - 



[ o f  patet:.mta%lu aggrrm t i e r  as4 &ftrpBsrg senricrtraoy 
~ b ~ i ~ l t a m f  u. 
-@he remall;@. of th.8. da0ecr iaat iaar  revea led  1 a anmber e l  

, 

Importsat  f a o t s  whioh may be aala$mrired rcl f ollors 
. 4 

( a )  'Phe o r g a n i o  m a t t e r  in t he  s e i l s  w i t h  a o f a v e r a b l r  r tr t l e t -  

are (ha lomorph ia  s ' s s o o i a t r )  was f o u n d  t o  be l o w e r  i a  amonat and 

hate a wider c a r b o n  n i t r o g e e  r a t i o  than t h e  o r g a n i a  m a t t e r  

i n  soils e x h i b i t i n g  f a v o r a b l e  s t r a a t u r e  ( phytororphie e s r o o i a h s ) .  

f t  i s  s u g g e s t e d  t h a t  these d i i - f e r e n a e s  in o r g a n i c  aompositioa 

may be due t o  r e t a r d e d  deoompos i t ion  r e s u l t i n g  from inedeqaplr 

a r z s t i o n ,  b a t  f u r t h e r  i n r e s t i g a t i  oa of t h i s  p o i n t  should b e  under-  

taken.  I n o r g a n i c  a s r b o a  i s  low i n  the s o l a m  o f  a l l  Red River  
3 

soils s t a d i e d ,  and i t  is a l m o s t  n e g l i g i b l e  i n  t h e  h o r i c o a r  o f  

t h e  lorrip aclam t h a t  e x h i b i t  n o f a r o r a b l e  s t r u e t a r e .  

(b) A s t u d y  o f  t h e  bacle erohalrge sta tus  o f  ' h o f e t o ~ a b 1 ~ - ,  

s t r a o % n r e d M a l g a l i n i s e d  aqd degraded s l k a l i m i c r d  s o i l a  showed. 

a  rerp l o w  o o n t e ~ t  o f  sodium; -a h i g h  a o n t e n t  of magaesium;' sad 
'C 

a narrdn o e l a i m  magnesium r a t i q .  E v i d e n t l y  the sodium e o n t e a t  

was not  g r e a t  enoagh t o  b r i n g  a b o u t  t h e  f o r m a t i o n  of sodium s o l o n -  

e t s  w i t h  t h e i r  c h e r a o t e r i s t i a  high a l l c s l i n i t y .  It i s  appareot  
\ 

L 

t h a t  magnesium r a t h e r  than  sodium i r r  the base exchange aoslplsx 

o f  t h e  "unfav  o r a b l e - s  t r a c t u r e d "  s o i l s  s t a d i e d  has been r e s p o a s l b l e  

f o r  the solanetz-like s t r u c t u r a l  ' c o n d i t i o n s  e x i s t  iag. These 
J 

p o o r  s t r u c t a r e l  @ a i l s  with s o l o a e t z i o  cha r a a t e r  and h i g h  80&t .at  

o f  magnesiam k i th  o n l y  a t r a c e  of sodium i n  t h e  exoha nge oolaplex 

w e a l d  b e  bet tar  t e a e b  * * a a g a e s i ~ r  r o l a e e t  s.* 

( e )  +he je l l s  w i t h  iaremble pbysiaal eoraditioa were foaad 

b r a  ' a  & ~ @ ' ~ k r r ~ i s i t ~  .amber; a h igh  degrea o f  w a t e r  r tab le  
A ,  

r se r soagrrititsly wide  oalaium magnes ium rs tio. diaterarly,  

the seila w i t h  u n f a v o r a b l e  s t r a a t a r e  had  a narrow ealcrium mag- 

a e s i m  r a t i o ;  a h i g h  p l a s t i o i t y  sluaber; a n d  a low degrm o f  

w a t e r  s t a b l e  eggrega t t o n .  



- ,  , - 

J& me f e r t i l i f y  f i e l d  p l a t s  on the Dairers i ty  tam, whiah 

is e I t u a t e 8  an the a l a y  aeposits of  the  We& River  p l a i n ,  haoo 
' .  

been under spatema t i a  e x p e r i m e n t s  f o r  ~ g p r a r i m a f e l g  t h i r t y  ymars. 

l h a l g t i e r a l  d e t e r m i n a  t i  oes w e r e .  made on soil sample8 tekara fr~ar 

p l o t s  s e l ea ted  t o  r s a e r t ~ i n  theaPfet t  of the Q i f f e r e r i t  enltars l l  

tra)atmeate on the s a f l .  The laboratory analysis ineladed d e t e w  

( a )  O r g a a i a  e a r b o n  a n d  n i trogen .  

( b )  Water s t a b l e  .&gregatioo, 

( a )  Base a t a t a s  as& a a l a i a m  aagnesiam r a t i o .  
I '<I. 

The r e s u l t s  of these d e t e r m i n a t i o n s  may be suamarir;ed 

as followst 

( a )  b general deareage was found i n  o r g a n i a  a a r b o ~  end . 
ni%rsgen dne t o  the e f f e e t  o f  a r a b l e  c a l t a r e .  0 1 8 ~  a n  eighteen 

gear per iod  i n  t h e  ease o f  the *green manuringw experiment there 

was  a meen peroentage d e a r e a s e  o f  12.18 p e r  c e n t  a,nd 19.38 per 

c e n t  i n  t h e  a i t r o g e a  a n d  aarbon  e o n t e n t ,  r e s p e c t i v e l y .  

The e f f e e t  of fallow freqnenag on n i t r o g e n  a n d  oarboa 

eantent  o f  t h e  @ o i l s  g a v e  a a a f l i c t i n g  eoi&ence, On t h e  o n e  band, 

where the p l q t s  were a n d e r  f q l l a w  - g r a i n  r o t a t i o n s ,  i t  88818 
;+. m i . + ~ ~ w r * * < +  # .-.. 

e v i d e n t  t h a t  the carbon a n d  nitrogen l e v e l s  were lowere8 as the 

f a l l o w  frsqoenog increased. On t h e  o t h e r  haad ,  where t he  l a a d  

has bsea kept  i n  csntinaoas fallow the  l e v e l  o f  c a r b a ~  a n d  

n i t r o g e n  i n  the s o i l  wsa found t o  be a t  higher levels thbn ander 

the tar iaaa  fallew-grain r o t a t i o a s .  f ~ a e s t i g a t i o a  shan ld  ba 

#&*rkkra t o  rae.rtair if! a &if ferent  miare-biologio.1 regiae 5, 
g~ra*tL@ il@a.er a ont inooar i s  llow whiah might c l f i e a t  tha as rBea 
ara 8ftrag.a l e v e l 8  i n  r different manoer t h a n  under arop 

grwth. 



t 

v 

I - )he yraera,S t.alaaW ai y n b ' l e  oaltrprr tr radaac, the 

earbo. an& n i t i e g ~ n  eontent i n  the  . o i l $  @f Ohr i e r t i l i C y  fiela 

has been retardea where b a r w a r b  nastlre hsr been appli.(la 

I 
fb) The r e s u l t s  of the  water  s t a b l e  a g g r e g a t i o n  studies 

1 
showed t h a t  f a l l o w i n g  has caused. a dearease  i a  aggregate s t a b -  

i f l i t y .  Ualike the a o a i l i c t i n g  results obtained i n  the aarboa 

nitrogen levels, both under a o n a i t i o n s  o f  f a l l o w - g r a i n  an& 

eon t i a a a a s  f a  l l o w ,  the dasreasr  i n  eggreg. t e  a t a b i l i t y  war 

4v iden t. 

I n o o r p o r a t i o a  o f  deoomposable o r g a n i o  metter, saah a s  , 

m a a w e ,  s t r a w  and c l o v e r  as a green manure, was found t o  i n -  

arms9 a g g r e g a t i o a .  I t  was found t h a t  grass-legume mixture rs- 
I 

I 
@altad  in the greatest inarease  i n  aggregation. 

Limo rad  salfnr ' a p p i i e d  t o  a e r t a i n  p l o t s  under field aon-  
. 

d i t i o a s  were found  t o  have l l t t l e  or n o '  effect upon the aggregate 

a t a b i i i t g  of t h o  m i % .  

( a ]  'Phe results of base  s t a t u s  s t a d i e a  .shored that  the rat io  

of a a l a i u m  t o  magnesium i n  the base exshrnge  aomplex  .of aixtesn  

o a l t i i a t e d  p l o t s  s t u d i e d  w a s  wide i n  oomparison with t h e  e . lo iua  
I * . . .  4 -  . 

ma~fJes : ,nmrat io s  j n  o i r g i a  Bed River s o i l s  . A p p a r e n t l y  s t l f f i s i e a t  
i m p .  . , - & l ~ f l l  

a a l o i u m  i s  prerent  i n  the ealtirated soilo studied t o  inhibiQ bihe 

' d i c p e r ~ i v e  a a t i o n  of t h e  magnesium i o n .  

111. Certain amel ioraS ion  methods w e r e  suggested f r o m  a revier - 
o f  l i t e r a t a r e  and f r o m  the r e s u l t s  o f  the i ~ i t i s l  s tod iea  a&%er-. 

A 

$%ken. A a o l ~ t r o l b d  @ ~ p @ r i r e a t  was aadertahea t o  de termiao  the 
I 

&Maat ei ergarfe  @ad iaorgaria ameliorrnts oa the B1 h o r i r o a  

~ h ~ r ~ s t a r i s O i o r  t o  a marked degree. f a  t h i s  experiment, ahepp.8 

a l f a l f a .  ~ a f m ? e ,  l i m e - a a r b o s a t e ,  gypsum a n d  s u l f n r  were miss4 



+if& d i i i d f i a ' ~  pa+t loaa of the sail. 1Ehecle r o l l r ,  n s r e  held 

i a  a m o i s t  s t a h  under the temperature a o n a i t l o n a  of t h e  labor- 

a t o r y  f o r  e three month period. A t t r r  this per iod ,  the rifarpt 

of the  treatments on t h e  ( a )  ' r i t sr  stable a g g r e g a t i o n  o f  soils 

a l d e r  a l l  treatments; a a d  on ( b )  t h e  porosity o f  t h e  s o i l 8  

nadir ell namel i6raats  except ahopped a l f a l f a  w a r e  determined.  

Phs r e s u l t 8  o f  these detefrs l inat iona i n d i c a t e d  c e r t a i n  eifcsatm 

o f  the  soil amendmeats which may be summarired a s  follows; 

( a )  All the a m e l l o r a n t s  u s e d  increased aggregation. 

- @hopped a l f a l f a  g a v e  the  g r e a t e s t  p o s i t i v e  effeat on t h e  water 

s t a b i l i t y  of a g g r e g a t i o n .  ~ u l f u r ' ~ a v s  t h e  b e s t  results o f  the 

5norgani.c a m e l i o r a n t a .  Lime e n d  gypsum had approx imate ly  equal 

e f i e a t  a n d  gave  the s m a l l e s t  inoreases  i n  a g g r e g a t i o n .  

(b) The argonic  amendments used gave a Vera marked increase 
.: \* LNm? 

i n  s o i l  p e r m e a b i l i t y .  The inorganic smenkrnents used were  f oaad 

t o  a f i e b t  s o i l  permeabili tg, adversely. 



processes  a n d  t o  o u l t a r a l  p r s c t i a e s ,  ooaars i a  the h l W g  tax-  I 
tared s o i l s  of  the Red River s a i l  as-socistion. Virgin sofls I 
O f  t h i s  asaroeriation and  oa l t i tz l ted  soils ocaarrfag an the  I 

s t u d i e d  was found t o  be highest u n d e r  a grass-legume aixture 11 
a n d  l o w e s t  under f a l l o w .  b grass-legume mixture g iven  a pro- 

minent place i n  the crop r o t a t i o n  i s  goad way o f  d e v e l o p -  . i 

a l a y  d r p o e i t s  of t h e  Bed R i v e r  valley were s t u d i e d  t o  asaer- 

f a i n  the faetors responsible f o r  d e t s r i o r a t i o n  of s o i l  t i l t h  

and  t o  i n v e s t i g a t e  a m e l i o r a t i o ~  prac t i ce s .  From these s t u d i e s  

several  c a n a l n s i  on s may b e  ennmerat ed. 

1. The a n f e ~ o r e b l e  a o l o n e t r i c  s t r a c t u ~ e  'of the H o r r i a  

soil a s s o a i a t e  is dne t o  the disperarive acstion of the mag- 

nesitlm i n  the base exohange complex. 

2.  A general decrease i n  aarbon and nitrogen aontent i n  

Red River  soils under arable a u l t u r e  appears t o  be i n e v i t a b l e .  

The r a t e  o f  dearease  a n d  the f i n a l  equ i l ibr ium p o i n t  a r e  f a -  

f l u e a c e d  bg the system of a r a b l e  c u l t u r e  p r a a t i o s a .  The 

Beorease i s  a a c e l e r a t e d  by f a l l s w ,  a n d  i s  retaraed by the 

a d d i t i o n  of decomposable  o r g a n i a  matter. 

3. Water s t a b l e  aggregation i n  the c u l t i v a t e d  soils 

4. adait3;ua of - 8eeompoeabJe orga nic resfaues f rrereasm\@ 

ammt ia$r  r ~ l l  'great l~~ .  &rr@rsarecr seil gerori*ye 

, - !BIB$# &~aflast~rtap@ is the aa@liorstiaa of the degrade& 
- I 

, of tlae B S v d r  are@ ere i n d f a a t e d ,  

k. . 
3 

[ r f  rr m o t i t i i i o a t i o n  of the b a s e  erahaage s t a t a s  and 



Z 

tltf -a,a i'noregs. in the argasie  m a t t e r  con%emt.  

The magnesiam i o n s  o f  tha bawm erahaag. ocmgles sholr ld  

Be reploreed bg e a l o i u m  i o n s  whlah have greater  aaaga la t img  

e f i a e t ,  and  the rep laced  magaeefam Wlanndera8 oatW o f  the 

' s c t i l .  f n a * & l r ~ % d  p a r o ~ i t y  by the a d d i t i o n  of o ~ g r a i a  2aa t trr  

is 3i.esqui~ad t o  f t a a f l f t a t e  t h e  relaoval of the aagasrs3amq. 7 

0 )  The . m o s t u  e f f i a t . i v e  nay of add . in& er&aia matter 

extensive area  o f  these soils is t o  B i a e  grass-legume mirtasss 

a n  important  p l a c e  i n  a s u i t a b l e  systematic crop  r o t a t i o n .  
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