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INTRODU CTION 

Rainfal l  is usual ly marg inal for optimum crop product ion in 

the North Central Great P lains . As a result many farmers in thi s  

region are install ing irri gation systems to supp lement rain f al l . The 

most common sy stem instal led is the cente r pivot . However ,  whi le thi s  

system h�s a low labo r requirement it i s  costly . Economic reports 

f rom S outh D akota S tate Univers ity indicate marginal to negative com

pari s i ons of ir ri gate d crop production to dryland production . 

S prinkler ir rigation systems such 
·
as si de roll , tow lines , 

hand move , side move with trai l lines etc . and surface irri gation 

depend on root zone so i l  water storage to extend intervals be tween 

i rrigati ons to gai n  advantages of reduced costs in system de s i gn and 

labo r  requi rements , lower soi l  evaporation and reduce weed germination . 

Large root zone water storage is al so needed when center pivo t  systems 

are towed between two fi e l d s  with growing crops . 

The most si gni f i cant parameters about which information is 

lacking in making de s i gn and as sociate d mana gement dec i s i ons con

cerning the above irri gation options are root zone depth in spe c i f i c  

S outh D akota soi ls and root ac tivity in the lower part of the root 

zone . Questions ari s e  such as : How rap idly and to what depth do 

roots penetrate in di f fe rent South Dakota soi ls? Does root growth 

ceas e with flowering? What root dens i ty is required in a soi l  hori zon 

to be signif icant in water upt ake? It was with thes e  que s t ions in 
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mind that a s tudy was ini t ia te d  int o  the roo t  length density and wate r  

uptake pat t ern of soybeans i n  three S outh Dakota so i l s . 
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L ITERATURE REVIEW 

Root ing Depth 

The expans i on of the root  sys tem into deep , mois t  so i l  is 

e ss ent ially the mos t  important means of supp lying water to the plant , 

when the supply in the upper  layers of the pro f i le is insuf f i c i ent . 

Rei cosky ( 19 7 9 ) repor t e d  wate r uptake from the subs o i l  to 1 5 0  em in 

depth , by soybean when the water ava i lability was limi ted in the upper  

layers . The vert i cal explo i t a t i on by soybean roo ts down to  1 8 0  em in 

a deep loe s s  soi l ,  without a water table or so i l  phys i ca l  barri e rs , 

was reported by Si vakumar ( 19 7 7 ) . Jung (1�80 ) reported- that the maxi

mum rooting depth of soybe an was 240 em in a dry year and 1 80 em in a 

wet year for the same loe s s  soi l in I owa . Mit chell ( 1 9 7 1 ) f ound 

soybean roo t s  down to 1 8 3  em in a Nicol lett clay loam soi l .  Though 

there is informa t i on on roo t  penetrat ion li t t le is known about root 

activity in the lower layers . 

Root ing and Age 

Mit chel l  (19 7 1 )  de s cribes the root development in soybeans in 

3 phas es . Phase I ,  covered the period from emergence to 31 days . 

During thi s  period there was a gradual penet ra tion of the tap root  and 

rap i d  format ion of secondary la terals in the fir s t  10 em of the soi l 

pro f i le . At 31 days 9 3 %  o f  the to tal root wei ght was in the 0 to 1 5  

e m  z one and the la teral extens ion was commonly found be tween 2 0  to 2 5  

em f rom the plant. Vert ical elongat ion was 4 6  t o  60 em . Phas e II , 

des cr i bed the period from 6 7  to 80 days af ter plant ing . Thi s  was the 

root f i l l ing period for the 0 to 23 em section of the pro file and 
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the beginning of deeper , vert i cal pene tra tion by the la tera l roo t s . 

Root wei ghts  in the 7 t o  1 5  em layer nearly tri p led during thi s  

peri od and tha t in tpe 1 5  t o  23 e m  doubled .  Vert i ca l  pene t ra tion was 

f rom 4 6  to 7 6  em . Pha s e  I I I , covered the period from 80 to 102 days 

after  plan ting . During thi s  period tap roo t  growth slowed , and the 

major latera l  roo t s  elonga te d  downward reaching depths ranging from 

1 2 2  to 1 8 3  em . 

Roo t  d is t ribut ion has been be li eved to decreas e mono t onous ly 

in length as the soi l  depth inc reas es . However ,  thi s  pa t te rn may be 

mod if ied by the soi l  wate r  sta tus thoroughout the prof i le . Rei c osky 

e t  al ( 19 7 2 ) report ed that the root dens i ty pro f i le of soybeans. showed 

marked dif ference s as the soi l  water was dep le ted . The y  found an 

inc rea s e  in roo t dens i ty be tween 50 to 70 em on the 5 9 th day af t er 

p lant ing , forming a roo t ing bulg e , when the water ava i lab i li ty was 

limited  in the upp er layers . The da ta of S ivakumar ( 1 9 7 7 ) showed a 

s imilar bulge ,  app eari ng 5 7  days af ter plant ing . When ·the drought 

cont inued this bulge shif ted downward to be tween 7 5  and 1 50 em . Thi s  

shi f t ing might be correlated with the shif t ing o f  the loca t ion of 

maximum wate r  upt ak e  ( Burch et . al 1 9 78 ) . Information ava i lable in  

the li terature regard ing roo t  growth and water uptake from the lower 

layers is limi t e d , especial ly when the re is continuous drought af t e r  

f lowering . 

Wat er Uptake : 

The flow of wat e r  int o roots  is largely pas s i ve; the dri vi� 

force be ing the wat er potenti a l  gradient across the root-soi l int er-
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face ( Gardne r 1 960 , P hi l ip 1 9 57 ) . The pas s i ve uptake theory ( Horne t 

1 948 , Phi l ip 1 957 , G ardner 1 96 3 ) requires ( a )  that the water potent ial 

in the xylem of the plant be highe s t  at the root  tips and dec rease in 

the dire c t ion of stem,  and ( b )  that the plant water pot en t ial ( o/p ) be 

less than soi l  mat r i c  potent ial ( �m ) f or water uptake to occur . Koh l 

(19 7 6 ) showed tha t roo t wat e r  uptake from a soi l  layer is a func t ion 

of ( a )  the dif ference be tween the �p and �m of  a given layer and ( b )  

the roo t  den s i ty o f  tha t layer . Gardne r (1964 ) reported that  the 

wat er upt ake pat t e rn was more clo sely related to the root di s t r ibut ion 

and somewhat le ss  to soi l  propert ies . Theore t ically , the root  dens i ty 

dis tribut ion should corre la te wi th the uptake pat t e rns , but the 

resul ts of some labora t ory experiments sugges t a weak dependence when 

water is readily ava i lable ( Reicosky 1 97 2 ) . Some attemp t s  to relate 

roo t dens i t y  to soi l  hyd raul i c  parameters  and wate r uptake have been 

made , but theore t i ca l  pred i c t i ons of ten do not agree with experimenta l  

resu l t s  ( Gardne r 1 964 , Molz e  1 9 71 and Nimah and Hanks 1 9
.
73 ) .  

Roo t Growth and S o i l  Wa t er: 

Newman ( 1 96 6 ) showed tha t the ra te of root  dry wei ght accumu

lation was a direct func t ion of the water potent ial of the so i l  in 

whi ch the y  g rew . His da ta sugges ts tha t the plant res i s t ance to wat e r  

movement i s  hi gh . Lawlor ( 1 97 3 )  a l so came to the same conc lus ion tha t 

root growth respond ed to the water potent ial of the med ium around the 

roo ts and the ma jor res i s tance to water flow was in the plant . 

Gardner et . al (1 964 ) and Cole et . al (1 974) showed tha t the wet 

weight of roots  was af fected  much more than root  lengths as the soi l  
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water content decreased . Taylor and Rat liff ( 1 969) found that peanut 

root volume or roo t  wei gh t s  progres s i vely decreas e d  with a dec r eas e in 

s o il wat e r  pot en t i al be tween -0 . 1 9 and - 12 bars but the elongat ion 

rates were not affec te d  in this  range. Thus , it appears tha t  root  

length is not affe cted much by a decreas e  in soi l  wate r  content in a 

profi le layer . Howeve r , as the water content in a prof i le layer is 

decreased the root  leng th in the layer be low it would increas e  

resulting in a greater root  length pe r unit  area. There fore unde r 

limi t e d  wate r  supplies  in the upper layers one would expec t to find 

greater roo t  length per uni t  area. Camillo ( 1 98 3 ) showed that the 

matri c  pot ential pro fi le eventually ac qui red a mirrored shape of the 

relati ve roo t  dens ity pro fi le, and the water potent ial at any depth 

was inverse ly proportional to  the corresponding root  dens i ty rais ed to 

a power that depend s on soi l  textu re. 

Root Growth and Other Fac tors 

The product ion of new roo t s  and decompos i t ion of old root s  

occur continuous ly and s imultaneous ly during the whole growing period 

in soybeans ( Sanders and Brown 1 9 7 9 ) .  Bor s t  et.  al ( 1 9 3 1 ) rep orted 

that the root wei ght dec lined after se ed development be gan . Roo t  den

s it y  has been reported to dec rease with increas ing soi l  depth ( Raper 

and Barber ( 1 970 ) and M i t che l l  and Rus sell  1 9 7 1 ) .  

Paramet ers of Roo t  Growth 

Root wei ght, root  su rface area and root numbe r  and / o r  length 

are mo s t  commonly us ed to define root distributions in the fi e ld. Tne 

i nt erpretat ion of root wei ght data depend s upon the as sumpt ion that 
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the root mas s  is dire c t ly re lated to root ac tivity . Thi s  as sump t i on 

i s  not always val id , for two reasons . Firs t , roo ts  grown in so i l  can 

neve r  be quant i t a t i vely recovered fully . Second , one could ques ti on 

whether the thi cker and stubbier roots  produced unde r  le s s  favo rable 

environment s  are equally as ac t i ve as the thin roo t s  produced unde r  

favorable environment s . A root ' s  mas s i s  likely to increas e a s  the 

s quare of the diameter , ye t it contac ts li t t le more soi l than a thin 

root of equal length . It is doubt fu l if root  mass  can ac cura tely 

re pres ent a root  sy stem ' s abi l i ty to withdraw water from soi l hor i z ons 

occupied by a few thin root s .  

Some res earchers have us ed roo t surface area to rep re s ent 

root di s t ribution , as suming tha t the re is a direct corre lati on be tween 

root surface in contac t wi th soi l  and root  ac tivity . Thu s , per uni t 

mass , young thin roots wi ll have more su rface than thick olde r root s .  

One could al so ask whethe r the older , su beri zed root s  are equa lly as 

ac tive as younger roo t s . However , l i t t le is known about the re la t i ve 

ac tivi t ies  of old , thi ck roo t s  and young , thin roo t s . Though the re 

are severa l app roa ches for the es t imation of relat i ve roo t  su rface , 

P earson ( 1 9 74 ) empha s i z ed tha� a good , prac t ical method for root su r

face es t imat i on is badly nee ded . 

Roo t number and / or leng th can al so be used to cha ra c teri z e  

root dis t ribution in the soi l prof i le . Taylor et . a l  ( 1 97 0 ) s howed 

tha t  the root count ( t he number of roo ts  cros s ing a hor i z ontal tran

sect  on the glass face of a rh i z ot ron tank) , and the len g th of root 

per cm3 of  soi l  at the same de pth were hi ghly correlated , and 

sugges ted tha t the mo s t  conveni ent of the two measurement s could be 
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used . Thus the roo t  count on the broken faces of a soi l core , from a 

part i cular dep th , re pre s ent  the root  di s tri but ion for that de p th . 

Quan t i tative Aspe c t s  of  Wa ter Uptake and Root Length Dens i ty 

Reicosky et . al  ( 1 97 2 ) not i ced a maximum sink ( s ink ref le c t s  

the rat e  o f  wat e r  ex t ra c t i on by roo t s ) a t  5 2  days at the depth o f  5 0  

t o  70 em . As time pas s ed the re was a progres s i ve shif t  downward of 

this maximum sink . The increas e  in the sink term w ith time was 

related to an increa s e  in plant demand for water . Uptake was as hi gh 

as 0 . 67 cm3 / cm of roo t / day for roo t s  whe re water was readily 

avai lable . Vari a t i on in uptake in the zone of max imum sink ac t i vity 

app ear s to be re lated to plant requirement for water and to root  den

s i ty in tha t zone . P rovided tha t water is available , increas ing wat e r  

need by plant s  can be me t b y  an increas e in root  dens i ty and / or b y  an 

increas e in the ra te of uptake per uni t  length of root . At 7 3  days , 

2 3% o f  the roo t s  were located be tween 60 to 80 em and ab sorbed 94%  o f  

the wat e r . Thi s  showed tha t  a small port ion of the roo t sy s te m  was 

respons i ble for a ma jor port ion of water uptake . 

Bennet t  et . al (1 979 ) s howed tha t about 10% o f  the sorghum 

roo t sys tem in contac t wi th ava i lable water supp li ed adequate  wat e r  to 

produce 6 5 %  o f  the yield compared to the control . 

Allmaras et . al (197 5 ) no t i ced tha t the zone of wat e r  dep le

t ion by soybeans moved downward from the 0 to 70 em reg ion at 65 days 

f rom p lant ing to the 30 to 120 em region at 85 days . The to tal dep le

t i on during this period was reported as 52 mm of water .  
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It app ear s , with limi ted water supplies in the upper layer s , 

the contribut ion from the lower layers is important . 

Soil  Water and Transpira t ion 

Jones et . al . ( 1 9 8 2 ) reported that with non- l imi t in g  soi l 

moi s ture , the trans pirat i on flux increas ed from morning to mid-day 

whi le leaf res is tance de creas ed . During the af ternoon hours leaf 

res i s tance increas ed leading to a decreas e in transpira t ion f lux . The 

resul t indi cated the dep enden�e of leaf-res i s tance on transp i r a t ion 

rate . 

Zur and Jones ( 1 98 2 ) in the above experiment but with 

limi t ing soi l mo i s ture , reported tha t the trans pirat ion f lux dec reas ed 

wi th a decreas e in soi l wat e r  cont ent . The stomatal dif fusi ve 

res i s tance also increased w i th a decreas e in soi l  water cont ent . The 

tota l  res i s tance to wat e r  flow from the soi l  through the plant 

increas ed with a decrease in transpirat ion . 
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MATERIAL AND METHO DS 

The experiment s were conducted during the summers of 1 98 2  and 

198 3  under fie l d  cond i tions at the Agronomy Farm at Brookings , S . D . , 

the James Valley I rri gation Res earch Farm near Red field , S .D . , and on 

a private farm wes t of Get t ys burg , S . D .  Soi l  de s cript ions are given 

in a separa te se c t i on, "p roperties  of soi l s" under results  and 

dis cus sion . 

A .  Field Experiment 

During both year s the experimental plo t s  measu red 6 0  m by 

3 6 . 6-m . Soybeans were dri l led in 0.91 m rows, early in June at a popu

lat i on of 400 , 000 p lant s /ha . A single sprinkle r line with sprinklers 

a t  every 6 . 1 m was placed through the center of the plot . Thi s  

arrangement produce s a linear ir rigat ion gradient on ei ther si de of 

the line source, and has been us ed to inves t i gate cro p res p ons e to a 

cont inuous irrigation variable ( Hanks et . al 1976) . The plo t layout 

and the locat i ons of the line source , sp rinkle r heads , neut ron acce s s  

tube s and rain gauges are shown i n  fi gure 1.  Root  samp ling and soi l  

water moni toring were done at three loca t ions ; near the line source to 

repres ent fully irri gated condit ions, beyond the reach of the 

sprinklers to rep res ent the dryland si tuat ion and hal f-way in be tween 

to rep resent a par t i a lly irrigated condi tion . Two si x met e r  lengths 

of  the plo t area across the line source were res e rved for roo t  

s ampl ing and soi l  water monit oring . A 12 meter area be tween the 

samp ling areas was reserved for yield measu rement s .  
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Neutron ac ce s s  tube s were ins talled to  a de pth of  1 . 5 m.  The 

tube s were ins talle d  clo se to the plant rows to fa·cilitate cul tiva

tion . The neutron counts from 4 loca tions were avera ged for a single 

t reatment . The rain gauges were positioned at a height of 1 m near 

each tube . 

Root Es tima tion 

Of the me thod s used in quantitative studies on root  growth 

des cribed by Bohm ( 1 9 7 9) vo lumetric root- length ( em of root / cm3 o f  

soil)  dete rmina tion using soil cores appears to be very suitable 

for fie ld experiment s .  However ,  the re la tive ly small diameter of the 

cores can be a disadvantage in samp ling soil layers with low root  de n

sities ( Kirby and Rackham 1 9 7 7) .  Bohm ( 1 9 7 9) reported that at leas t 

five samp les would be required in such situations for statis t ical ana

lysis . The quantita tive root es timation in the present inves tigation 

was carried out using vo lume t r i c  root  length ( em of root / cm3 of soil ) 

de termina tion method de s c ribe d by Bohm ( 1 979) . In the pres ent 

inves t i gation 8-10 samp le s were taken per treat ment at each sampling 

time . 

Roo t  S ampling 

Soil core s for roo t samp ling w ere taken from the area 

designated for samp ling. Sampling was done three times during the 

growing seas on , except  at G e t t ys burg in 1982, where the samp ling was 

done only twice . The crop was 30-50 days old during the firs t roo t  

samp ling and this repre s ents the early season root growth .  The crop 



1 3  

was 8 0  t o  9 0  days old during the second samp ling (midseas on roo t  

growth ) . During the third samp ling , the crop reached it s ' phys iologi-

cal maturity ( 1 10-120 days ) . 

Soi l  cores for roo t  counts  were taken with a Giddings probe 

mount ed on a tractor . The soil tube had an inside diameter of 4 . 1 em 

and could extract a one meter soil core . The cores were taken at  a 

dis tance of 8 to 12 em away from the bas e of the plant and between 

rows . Roo t  samp ling was extended to a minimum of 20 em be low the 

layer in whi c h  the las t  root was obse rved . 

The core was first divided int o  10 em samp le s ,  0 - 10 , 1 0-20 , 

2 0-30 . . . et c . The 1 0  em sample s were then divided int o  equal 

halves . Each ha l f  was then broken into two and the numbe r  of roo t s  on 
......___.-

the broken face s was count ed . The mean root  count from the two breaks 

repres ent the count for the 10 em samp le . The linear equation 

* 
( r=0 . 88 ) given be low , developed by Kohl f or vo lumetric root  length  

determination was us ed to change the counts into root density . 

Y 0 . 06 1  + 0 . 12 4X 

Y Roo t dens ity ( cm/ cm3of soil ) 

X Roo t count . 

For counts le ss  than 5 ,  the fol lowing equation was us e d . 

Y = O . l X 

The roo t  dens ity curves were first drawn for the 1 0  em 

depth increments . From thi s  the dens ity for 15 em depth increments 

was read and the 15 em de pth increment root dens ity curves were drawn 

to matc h  the vo lumetric soi l water content curves . 

*
nr . R .  A.  Kohl . unpubl i she d data . 

S UT DAKOTAS ATE N IVERSlTY L B 
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S oil Water Content 

Volume tric soi l  water content was measured us ing the neu tron 

probe . The water cont ent was measured for every 1 5  em dep th incre

ment, except for the top 15  em . The gravime tric method was us e d  to 

det ermine the mas s  wat er cont ent of the to p 1 5  em pro f i le layer for 

the Vienna and Lowry soi ls . Thi s  was changed to vo lumetric water con

t ent by mul t ip ly ing by the bulk dens i ty . The neutron count s from the 

probe were changed int o  vo lumetri c water content by using equa t ions 

deve loped from calibra t i on curves . The count s were taken every 8-10 

days . Thes e  data were used to draw the so i l  water cont ent curves . 

Rainout She l ter 

To represent the dryland si tuat ion in case of exc e s s i ve rain , 

beans were planted  under a ra inout she l ter in Vienna loam at 

Bro okings . 

B .  Laboratory Experiment s 

Bulk dens i t y  and wat e r  re tention de terminat ions were made on 

f i e ld collected cores . 

Bulk Dens i ty 

Bulk dens i t y  of the pro f i le down to 150 em was de termined . 

Soi l  core s were taken us ing the machine and tu be as for roo t  sampling . 

The s e  cores were care fully d ivided int o  10 em lengths and dried . 

Three samples from each de pth were avera ged for bulk dens i t y  values . 



Poros i ty 

e quat ion . 

To tal poros i ty ( E )  was ca lcula ted by us ing the fol lowing 

E = 1- e b 

� 
pb = Bulk densi ty 

e
p 

Par tic le dens i t y  

1 5  

The part i cle dens i t y  o f  the 3 soi l s  ranged from 2 .6 5  to 2 . 69 

g /  cm3 throug hout the pro f i le ( Sources : -Same source s as given in 

tables 1 ,  2 & 3 ) .  The mean part ic le dens i ty ( 2 . 6 7 g / cm3 ) was use d  in 

the above equat ion for t he de termination of to tal poro s i ty . Aerat ion 

poro s i ty ( E a ) as  ca lcula t ed by us ing the fol lowing equa t ion . 

9v Volume t r i c  water cont ent 

Soil  Wa ter Re tent ion 

The pres sure pla t e  appara tus was us ed to de termine soi l  water 

retent ion at  vari ous pres sures ranging from - 0 . 1  bar to  - 15 bars . A 

low pres sure appara tus was us ed from -0 . 1  to -1  bar and a high pre s s u re 

sys tem was used from - 3 bars to - 1 5  bars . From the res u l t ing da ta 

volumet ri c  wat e r  cont ent versus soi l  water pot ent ial curves were drawn . 

S o i l  water pot en t i al pro f i le s  ( �m ) were drawn by us ing the s e  curves in 

conjunt i on wi t h  the soi l  wat e r  content pro f i les . 

Note on Terminology Used 

Soil  layer : The pro fi l e  was divided into uni form layers of 15  em 
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depths each . Soil water content , bulk density and root  

length density da ta are reported for the se layers . 

Total roo t length = average root  length density x rooting depth . 

I rrigated trea tment ( TI) : Received irrigation to maintain optimum 

growth . 

Dryland C ondition C T2 ) : Received no ir riga tion water to sup p lement 

rainfall . 
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RESULTS AND DISCUSSION 

The resul t s  and dis cus sion of the da ta from the experiment s 

on soybean rooting , conducted  in Vienna sil t loam,  Great Bend sil t  

l oam and Lowry sil t loam soil s , respective ly at Brookings , Red fie ld 

and Get tysbu rg , South Dakota are presented in four major par t s; (A)  

s oil physical charac teris tic s (B) root growth ( C ) water  uptake and ( D )  

re lationshp be tween wat e r  uptake and yield . 

A .  Soil Physical Charact e ris tics 

The soil physica l charac teris tics su ch as bulk density , 

t otal porosity , soil wate r  con tent .and part icle siz e dis t ribution for 

the three soils are pre s ent ed in table s 1 , 2 and 3 . Vienna loam is a 

fine-loamy , mixed Udic Hap loboroll , developed in glacial til l .  

The te xture of the su bs o i l  grade s from loam to clay loam and cont ains 

occasional sand lense s . The soil is cons idered wel l drained but sump 

pumps are a nece s sity for bui ldings with bas ements in this soil 

because of modera te ly frequent perched water table conditions . Great  

Bend sil t  loam is a Udic Haploboroll of  fine - s i lty mixed tex tu re , 

developed in mixed sil t and clay lacus t rine material . The relative 

openne s s  of this soil would argue agains t  rooting de pths being limited 

by soil aera tion even with optimum water being supp lied . Lowry sil t  

loam is a coa r s e  -silty mixed , typ ic Hap lus t oll , developed in loe s s . 

The bulk dens ity of the profile layers ( each 1 5  em in 

thickne s s ) increased with depth in Vienna loam, from 1 .2 5  to 1.78 

g / cm3 . The bulk densitie s  of Grea t Bend silt loam and Lowry si l t  loam 



Table 1: 

Soil 
Dep th 
( em) 

0-15 
1 5-30 
30-45 
45-60 
60-75 
75-90 
90-105 

1 05- 1 20 
1 20-135 

*source: 

Some soil physical characteristics of V ienna si lt loam at Brookings (Agronomy Farm ) 
South Dakota 

Bulk Total Water Content Particle Size D istribution 
Density Porosity Maximum M inimum Sand Silt Clay * 
g/cm3 (% vol ) - - - 8.v% - - - - - - - - % - - - - -
1.24 53.7 29.4 12.1  42.9 34.4 22.7 
1.33 50.2 26.5 1 1.7 40.9 37.9 21.2 
1.39 47.9 26.4 1 1.0 42.9 32.3 24.8 
1.45 45.7 27.1 12.5 38.4 33.3 28.3 
1.54 42.3 27.8 12.5 38.4 33.3 28.3 
1.63 39.0 28.5 15.5 38.4 33.3 28.3 
1.74 34.8 29.1 15.7 38.4 33.3 28.3 
1.74 34.8 29.1 18.9 38.4 33.3 28.3 
1.78 33.3 29.5 20.8 39.9 33.8 26.3 

Soil survey, Brookings County S.D. Seri es 1 955, No. 3. 

....... 
00 



Table 2 :  Some soil physical characteristics of Grea t Bend silt loam at Red field (James River 
Research Center). South Dakota 

Soil Bulk Total Water Content Part icle Size Distribution 
Dep th Dens i ty Porosity Maximum Minimum S and S ilt Clay * 

(em) g/ cm3_ . (% vol) - - - 9 % - - - - - - - - % - - - - - - -
- -V. 

1-15 1 . 21 54.7 30.8 12.3 6.8 70.2 23 . 0  
1 5-30 1.24 53.7 29.3 10.4 6 . 8  70 . 2  23 . 0  
30-45 1.26 52.8 28.5 8.4 3.4 73.6 22 . 1  
45-60 1 . 28 52.1 28 . 2  9.3 5.7 76.7 1 7.6 
60-75 1.28 52.1 28 . 4  10.8 5 . 7  76 . 7  17 . 6  
75-90 1.27 52.4 29.5 10.2 5.7 76 . 7  17 . 6  
90-105 1 . 28 52.1 30.6 10.4 4 . 1  83.2 1 2 . 7  

105-120 1 . 27 52.4 31.0 14.0 4.1 83 . 2  1 2.7 
120-135 1.28 52.1 32 . 7  17 . 8  4.1 83.2 12 . 7  

* Source: Genes is of the Soils of L ake Dakota Plain in Spink County S . D. Technical 
Bullet in 37. 

""""" "' 



Table 3: Some soil physical characteristics of Lowry silt loam at Gettysburg (Private farm), 
South Dakota. 

Soil Bulk Total Water Content Particle Size Distribution 
Depth Density Porosity Maximum Minimum Sand Silt Clay * 
(em) g/cm3 (% vol) - - - 9 % - - - - - - - - % - - - - - - -

.v. 

1-15 1.32 50.6 24.8 10.2 12.3 70.2 17.5 
15-30 1.29 51.7 22.8 11.1 12.0 67. 21. 
30-45 1.24 53.6 21.5 10.3 14.0 69. 17. 
45-60 1.26 52.8 20.2 9.3 
60-· 7 5 1.32 50.6 19.9 9.2 
75-90 1.29 51.7 19.8 9.7 
90-105 1.30 51.3 19.9 11.0 

105-120 1.33 50.2 20.1 12.4 
120-135 1.32 50.6 19.8 14.4 

*source: Soil Survey of Walworth County, S.D. (1981) 
Soil Survey of Sully County S.D. (1975) 

N 
0 
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profi les did not change si gni f i cant ly wi th de p t h  and averaged 1 . 2 6  and 

1 . 30 g / cm3 respec t i vely . 

The total poro s i ty ( E )  mar�edly decreased with depth from 

54% t o  33%  in Vienna . Th i s  cont ras t s  with almo s t  cons tant poro s i t ie s  

wi t h  de pth i n  Great Bend and Lowry si lt  loam. The mean sand , si l t  and 

clay content s  in Vienna are 39 . 9% , 3 3 . 8% and 26 . 3 % .  The mean sand , 

s i l t  and clay in Great Bend soi l  and Lowry soi l are 5 . 6 ,  7 7 . 1  and 

1 5 . 2 % and 1 2 . 8 , 6 8 . 7  and 1 8 . 5 % respect ively . Unlike the othe r two 

soi l types , the par t i c le si z e  di s t ri bution for L owry is reported onl y 

for the top 3 6  em . Vienna has the hi ghes t  percentage of sand and 

c lay , and the leas t amount of si l t ;  about one-ha lf tha t of the other 

two soi l types . 

Soi l water cont ent s ( 9v ) ,  reported here are measured values 

us ing the neut ron pro be during the growing seas on . The mean maximum 

water content is 0.2 8 , 0 . 30 and 0 . 2 1  cm3 o f  water / cm3 of so i l  in 

Vienna , Great Bend and Lowry res p ec t ively . The mean mini mum values 

are 0 . 1 3 ,  0 . 1 2  and 0 . 1 1  cm3 o f  water/cm3 of soi l .  However , in com

put ing the mean minimum value in Vienna , the values from the lower 

layers ( 90 to 1 3 5  em ) were no t us ed for conputat ion . The mean 

ava ilable wat e r  cont ent s in the soi l  types are 0 . 1 5 ,  0 . 1 8  and 0 . 1 0 

cm3 o f  water/ cm3 of so i l  res p e c t i vely . 
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B .  Root G rowt h  

1 .  Roo t ing depth 

The roo t  pene t rat i on depths in the three soi l  types , for two 

growing seas ons are shown in fi gure 2 .  During the ear ly stage s  of 

growth , the pene t ra t i on de pths in Vienna loam were 75 and 45 em for 

1 982 and 1 983 respec t ively . The roots penet rated down to 120 em by 

midseason and the re was no furthe r pene t rat ion up to matu rity in 1982 . 

During the 1 983  growing season early seas on pene t rat ion was 4 5  em , 7 5  

em by midseas on and 105  em at matu ri t y .  The maximum penet rat ion de pth 

was 1 20 em in 1 9 8 2 . Thus it app ear s , tha t the maximum root ing depth of 

soybean in this soi l is 120 em . 

High bulk dens i t y  ( Philips 1 962 , Taylor and Gardner 1 9 6 3 ,  and 

Tacket 1 96 4 ) and reduced soi l  aera t ion ( V oorhees 1 97 5 ) have been 

gene ra lly sugg es te d  as causes for limit ing root pene t ra t ion . Limitin g  

bulk dens i t y  v alues have vari ed from 1 . 3 g / cm3 ( Philips 1 9 6 2 )  t o  1 . 9 

g / cm3 ( Tacket 1 9 64 ) . Because various fact ors , such as soi l  textu re , 

soil  wat er content , macro-p ore stu rc ture , clay type , cementa t ion , et c .  

in add i t ion to bulk dens i ty af f e c t s  a soi l ' s  mechanical impedence to 

root pene tra t ion , it is dif f i cult to de fine a limi ting bulk densi ty . 

The dens ity of the pro f i le layer in whi ch the pene trat ion stopped in 

V ienna is 1 . 78 g / cm3 . Thi s  is a la rge value and indicates tha t bulk 

dens i ty could be a limit ing factor in root  pene t rat ion in thi s  soi l .  

However , o ther fac tors could al s o  be si gnificant . 
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When the aerat ion porosi ty in a sandy soi l  decreas e d  b y  71% 

(0 . 3 1  to 0 . 09 ) the elonga tion rate dec reas ed by 72% (Vo orhees 19 7 5 ) .  

A perched wate r  table per s i s t ing into early Augus t in V i enna loam 

during the 1 98 3  growing seas on mi ght have reduced the aerat ion poro

s i ty to be as low as 0 . 07  as shal low as 90 em . The pene t ra t i on depth 

of  7 5  em at  midsea s on in 1 9 8 3 , compared to  120 em in 1 98 2 , may be  due 

to reduced aera t ion le vel s  be low 7 5  em. The aerat ion poros i ty in 

Vienna loam was le s s  than 0 . 09 at the depth at which pene trat ion 

s t opped during both years (Ta ble 4 ) . I t  appears tha t reduced aera t ion 

could have re tarded root pene t ra t ion be low 1 2 0  em in Vienna loam .  

The pene t rat ion de pth during the early growth period in G reat 

Bend was 90 em in 1 98 2  and 7 5  em in 1983 . Pene trat ion progres s e d  

furthe r downward t o  the 1 2 0  em depth by midseason under d�yland con

d i t ions in bo th years . However ,  penet rat ion stopped at the 90 em 

depth in the irrigated treatment in 198 2 . The maximum pene tra t ion 

depth for the other treatment s was 1 3 5 em at matu rity for both year s . 

The early seas on roo t ing de pth in L owry was 105 em in 1 983 . 

By midseas on dryland roo t s  ex tended down to 135  in 1 982  and 120 em 

in 1 9 8 3 . No further pene trat ion occurred in_1982 after midseas on , but 

there was a 1 5  em extens i on in 1 9 8 3 . Thu s , the maximum root ing dep th 

in this soi l  during both years was 1 3 5  em . 

I t  appears tha t the root ing behavior in Great Bend and Lowry 

is very similar . Th is is expec t ed , as the bulk dens i ties and the tex

tures of the pro f i les are very similar . 



Tabl e 4: 

Depth 
(em ) 
15-30 

30-45 

45-60 

60-75 

75-90 

90-105 

105-120 

120-135 

Aeration porosity in Vienna loam on four specific  dates 

1982 July 23 1982 August 20 1983 Ju ly 22 

0.30 0.38 0.25 

0.20 0.37 0.24 

0.21 0.36 0.21 

0.19 0.27 0.15 

0.14 0.21 0.11 

0.10 0.14 0.07 

0.09 0.13 0.06 

0.07 0.10 0.04 

1983 Augus t 20 

0.37 

0.36 

0.32 

0.26 

0.20 

0.10 

0.09 

0.06 

N 
lJl 



2 6  

Accord ing t o  Taylo r and Gardner (1 963) , Tacket ( 1 964) and Voorhees  

( 1 9 7 5) matric pot en t ia l ,  bulk dens i ty and aera t ion res pec t i vely are 

not the limit ing fa ctors in the above soi ls for penet ra t ion below 1 3 5 

em depth . 

The roo t in g  depth of 4�2 month age clas s  soybean varie t ies was 

1 80 em (Mi t chell 1 971 and Jung 1 9 80 ) . The varieties us ed in the pre

s ent inve s t i gation be long to the 4 month age class . Thus , the 

sha llower roo ting obs erved in the pres ent inve s t i gat ion might be 

par tially due to age clas s  diffe rence . 

Jung (1 980) report ed roo t ing to 240 em, in a dry year 

compared to 180 em in a wet year . Rainfal l  during the 1 9 82 growing 

seas on was much le ss  than that rece i ved in 1983 ( F igures 3 ,  4 and 5 ) , 

a t  all loca tions . S imi lar i t y  of root ing depths during both years in 

the pres ent inve s t i gat ion sugges t tha t even the dryne s s  of 1 982 was 

inadequate to caus e  fu rthe r root  pene t ra t ion . Some other fac t or or 

factors than those dis cus sed  above mus t be preven t ing root  pene t ra t ion 

below 1 3 5  em . 

2 .  Vertical Extensi on Ra te 

The vert i ca l  root extens ion ra te early in the season was 2 . 7 

to  2 . 9  em/ day in 1 9 8 2  and 1 . 1  to  1 . 7 em/ day in 1983 . The rel a t i ve 

drynes s  in 1982 might have ac ce le rated the extensi on rate to reach 

more avai lable soi l  wat e r . By midseason the extens ion ra te dropped to 

0 . 6 to 0 . 8 em/ day . The exten s ion rate app roaching maturity ranged 
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from 0 . 0 to 0 . 8  em/day. During the 1 98 2  growing season (relatively 

dry year) the roots reached the maximum penetration depth by mid

season, thus the extension rate during maturation was zero. However, 

during the 1 9 8 3  growing season vertical penetration progressed to 

maturity, so the extensin rate was greater than zero ( 0 . 5  to 0 . 8  

em/day). The maximum extension rate was observed early in the season 

and then the extension rate decreased with plant age. The extension 

rates observed in this study support the __ work of Allmaras et. al 

( 1 97 5 ) . They reported that the extension rate through mid season was 

1 . 7 em/day. 

3. Root Density Profiles 

The changes in root length·density (em root/cm3 of soil) in 

the soil profile as a function of depth and time are shown in figures 

6 ,  7 and 8 .  The root density ranges from a high of 1 . 6 8  em of 

root/cm3 of soil in the top 1 5  em to 0 . 01 em of root/cm3 of soil at 

the maximum rooting depth. However rooting density did not decrease 

monotonously with depth. Rooting bulges were observed in the profile, 

indicating that root densities increased at some depths more rapidly 

than at others. Most of these bulges were found to be statistically 

significant (figures 6 ,  7 ,  and 8) . 

In Vienna loam a bulge was first observed between 45 and 60 

em during midseason in both years. At maturity the bulge shifted 

further downward to the 60-75 em layer. 
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The first bulge in the other two soil types appeared at the 

same depth as in Vienna, except during the early stage of growth in 

the 1 983 growing season. During the 1982  season, the sampling in 

Great Bend was done very early ( 3 1 days after plant ing) and the bulge 

was not observed. However the remnants of it were not iced at 4 5-60 

em. during the midseason sampling. Root samples were not taken for 

the early growth stage in Lowry in 1982 . 

The rooting bulge shifted downward w ith time. In the dryland 

treatment , it was observed between 75-90 em during midseason in the 

Great Bend, but was spread over the 60-80 em interval during both 

years in Lowry. This trend continued until maturity with the bulge 

reaching the 90- 1 10 em depth. In Great Bend the bulge was observed 

between 90-105 em at maturity. 

The rooting bulge in the irrigated treatment followed a simi

lar trend but was less distinct and appeared at a shallower depth. At 

midseason it was at 4 5-60 e m  and 60- 7 5  em respectively in Great Bend 

and Lowry, in 1982 . At maturity the bulge was not apparent. As the 

irrigation treatments were made ineffective by rain in 1 98 3  the irri

gated plot root density very closely followed that of the dryland 

treatment. 

Reicosky ( 1 9 72 ) and S ivakumar ( 1 9 7 7 ) reported the first 

appearance of a root densi ty bulge approximately 60 days after 

planting at the 50-70 em depth . Sivakumar ( 1 97 7 ) and Jung ( 1 9 80 )  

reported that the bulge shifted downward with time to a maximum depth 

of 1 50 em. The present investigation confirms the appearance , depth 

and shifting of the root density bulges. 
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The root length density in a profile layer genera lly 

increased w ith ti me  until midseason .  Root filling till midseason was 

mostly confined to the top 75 em in Vienna and to 90 em in the other 

two soil types . Approaching maturity root filling was mostly below 

these depths . These observations agree with those of Mitchell (1 97 1) , 

Willatt and Taylor (1 978 ) and Jung ( 1 980 ) . 

Root degeneration with approaching maturity appears to be a 

common feature und er dryland cond itions � especially in the top 75  to 

80 em . However , root densities were maintained above 0 . 2 cm/cm3 at 

maturity;  adequate for water uptake .  Willatt and Taylor (1 978) and 

Jung (1 980 ) have observed si milar features in their investigations . 

4 .  Root Length and Root Growth Rate 

Total root length und er a unit surface area (LA ) was calcu

lated by the procedure given under materials and method . The changes 

in total root length with ti me is shown in figure 9. Root length 

increas ed with ti me fro m early to midseason in all soils , during both 

years , except for the anomally of dryland in Vienna in 1 982 . This 

might have been due to an earli er root degeneration . With approaching 

maturity , root length usually continued to increase  with ti me  in the 

irrigated treatments in 1982 . However , a decreas e was observed und er 

dryland conditions in Lowry both years and Great Bend in 1 982 . The 

decreasing trend for dryland soybean roots may be due to root degener

ation in the top or middle layers of the profile . As the irri gation 

treatment ef f ect was marginal or ineff ective in 1983 , except und er the 
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rain-out shelter in Vienna, the differences in root length between 

treatments  were marginal. 
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Root lengths under a uni t  surface area of 1 cm2 during mid

season, in the dryland treatments in 1982  for Great Bend and Lowry 

were 55 and 47 em of root / cm2 of soil respectively . The corresponding 

root lengths in the irri.gated treatment s were 37 and 44 em of root / cm2 

of soil. During the 1 9 8 3  growing season the root length at midseason 

was 35 to 45 cm/cm2 regardless of the s�il type and treatment . When 

the soil water was depleted in the upper layers in th� dryland con

dition root growth was shif ted downward . Thus the greater root 

length observed in the Great Bend dryland treatment during midseason 

in 1 9 8 2  is due to deeper rooting compared to shallower root ing in 

the irrigated trea tments .  The root lengths calculated in the present 

investigation agree wi th Newman' s  ( 1 96 9) data of 52 to 500 em of 

root/cm2 of soil reported for eight species. 

Root growth rate ( em of root/ cm2 of soil/day ) was calculated 

by dividing the root length ( LA )  by the number of days in the obser

vation period. As expec ted the growth rates followed a similar trend 

as the root length data. The ma ximum growth rate was observed during 

the midseason in 1 9 8 2 , and was greater in the dryland condi t ion than 

in the irrigated treatment. In the Lowry soil the maximum growth rate 

was 0 . 6 em of root / cm2 of soil/day and in Great Bend it was 0 . 7 em of 

root/cm2 of soil/day. The relatively lower growth rate ( 0 . 4  em of 

root/ cm2 of soil/ day) in Vienna might be due to root degenera_t ion . 

The accelerated growth rate during midseason sugges ts increased plant 



demand for water , and the higher values in the dryland treatment 

sugges t greater soil  volume exploration . 

3 8  



C .  Water Uptake 

1 .  Uptake Zones 
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The changes in volumetric soil water content (cm3 of 

water/cm3 of soil) with depth in time are shown in fi gures 1 0 , 1 1  and 

1 2 . The area between curves ( 1 )  and (2 ) represent the uptake early in 

the season. The depth to which about 90% of water uptake took place 

is  equal to the maximum rooting depth observed for that period. A 

similar trend was observed thoroughout the growing season. 

The zone of the greatest water uptake during a period was 

observed in the region of the rooting bulge for that period . Thus an 

"uptake bulge" tended to overlap the rooting bulge. The shifting 

"uptake bulge" with time, correspond ing with the rooting bulge, sup

ports the hypothesis that water uptake ' from a profile layer could be 

increased by an increase in root density in that layer. However, when 

there was adequate water available in the upper layers through rain or 

irrigation, the zone of maximum uptake was shifted upward (Figures 1 0 , 

1 1 , & 1 2 ) .  

The results support the work of others. Gardner ( 1 96 4 ) 

reported that the water uptake pattern was most sensitive to relative 

root distribution . Reicosky ( 1 9 7 2 ) noticed a maximum uptake early in 

the seas on in the top layers which progressively shifted downward with 

time. Willatt and Taylor ( 1 978 ) showed that the depth of water 

extraction by the roots increased with increasing rooting depth. 

Thus, under dryland cond itions, deep rooted crops can absorb more 

water than shallow rooted ones. 
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Though the water uptake pattern in general follows the 

rooting profile, there was a trend toward water uptake from the layer 

below the last one in which any roots were found (Figures 1 0 , 1 1 , & 

1 2 ) . This lends support to the observation mad e by Allmaras et. al 

( 1 97 5 )  that the determination of the water sink alone cannot predict 

rooting depth. 

2 .  Age and Uptake 

Under comparable climatic conditions but in different soil 

types, water uptake is largely d etermined by available water capacity 

(6v ) ,  matric potential (�m ) and hydraulic conductivity .  In the 

absence of data for the last soil water property mentioned, the signi

ficance of the first two will be taken up for discus sion . 

The data on water content in the soi l profiles under dif

ferent matric potentials is given in tables 5 ,  6 and 7 .  Mean 

available water contents from fi eld measurements in Vienna, Great Bend 

and Lowry were 0 . 1 5 ,  0 . 1 8  and 0 . 1 0 cm3 of water/cm3 of soil respec

tively. About 50% of this water is generally believed to be easi ly 

available for root uptake. Most of this water (50%) is held between 

-0 . 3  and -3 bars matric potential in the three soil types. Thus the 

Lowry soil has the lowest water supply capacity. 

The data on water uptake rates for selected period s during 

the growing season in 1 9 8 2  and 1 983 for both dryland and irrigated 

treatments is given in table 8 .  The recharge through capillary ris e  

might have masked the total uptake in Vienna. The pres ence of a 

perched water table at 1 20 em until early August in 1 983 and the 



Table 5 :  
Depth 
(em) 

0-15 
15-30 
3 0-45 
60-75 

Soil water content ( 9v ) at different matric potentials �m (bars ) .  

Vienna loam 
- - - - - - - - - - - - Matric potentials (bars ) - - - - - - -
-0.1 -.3 -0.6 -1 -3 -6 

0.3 1 2  0.28 0 0.255 0.242 0.217 0 . 206 
0.285 0.267 0.247 0 .2.26 0.213 0 . 200 
0.297 0.260 0.228 0.227 0.206 0.203 
0.274 0.254 0.237 0.220 0.197 0.183 

-15 

0 . 191 
0.200 
0.183 
0.166 

+' 
+' 



Table 6 :  
Depth 
(em) 

0- 1 5  
1 5-30 
30- 4 5  
4 5-60 
60- 7 5  
7 5-90 
90- 1 0 5  

1 05- 1 2 0  

Soil water con tent (Qv) a t  different matric potentials o/m (bars). 

Great Bend s ilt loan 
- - - - - - - - - - - - Matric potentials (bars) - - - - - - -
-0 . 1  -0 . 3  -0 . 5  - 1  - 3  -6 

0 . 33 2  0 . 2 9 2  0 . 2 6 0  0 . 2 4 9  0 . 1 9 9  0 . 1 08 
0 . 34 3  0 . 30 5  0 . 2 7 0  0 . 2 6 0  0 . 1 7 4  0 . 1 28 
0 . 3 1 5  0 . 2 87 0 . 26 7  0 . 2 5 6  0 . 1 82 0 . 1 4 6  
0 . 334 0 . 3 03 0 . 2 8 7 0 . 26 7  0 . 1 �0 0 . 1 4 2  
0 . 3 2 2  0 . 2 8 6  0 . 2 5 6  0 . 2 30 0 . 1 8 2  0 . 1 4 1  
0 . 34 6  0 . 340 0 . 300 0 . 2 7 7  0 . 1 8 9  0 . 1 4 0  
0 . 360 0 . 3 50 0 . 2 9 2  0 . 2 7 0  0 . 2 1 1  0 . 1 4 6  
0 . 380 0 . 3 60 0 . 300 0 . 2 8 2  0 . 2 50 0 . 1 7 8  

- 1 5  

0 . 08 9  
0 . 0 9 8  
0 . 1 30 
0 . 1 3 2  
0 . 1 20 
0 . 1 26 
0 . 1 4 2  
0 . 1 6 8  

.t-
Vl 



Table  7 :  
Depth 
( em) 

0- 1 5  
1 5-30 
30-45 
4 5-60 
6 0- 7 5  
7 5-90 
90- 1 0 5  

105- 1 2 0  

Soi l water content ( Sv) at dif f erent matric potentia ls �m ( bars). 

Lowry silt loam 
- - - - - - - - - - - - Matric potentials ( bars) 
-0 . 1  -0 . 3  -0 . 5  - 1  - 3  -6 

0 . 2 4 1  0 . 209 0 . 1 90 0 . 1 7 9  0 . 1 6 5  0 . 1 4 6  
0 . 2 1 4  0 . 1 94 0 . 1 7 2 0 . � 5 9 0 . 1 4 4  0 . 1 3 1 
0 . 200 0 . 1 85 0 . 1 7 6  0 . 1 5 2  0 . 1 5 2 0 . 1 3 2  
0 . 2 1 8  0 . 1 9 5 0 . 1 8 2  0 . 1 5 4  0 . 1 ,34 0 . 1 2 1  
0 . 2 3 9  0 . 2 00 0 . 1 9 8 0 . 1 64 0 . 1 3 6 0 . 1 0 3  
0 . 2 5 0  0 . 2 2 1  0 . 1 7 7  0 . 1 60 0 . 1 5 4 0 . 1 1 6 
0 . 2 5 3  0 . 2 3 4  0 . 1 96 0 . 1 7 8 0 . 1 6 6  0 . 1 4 3  
0 . 2 5 7  0 . 2 34 0 . 1 9 7 0 . 1 7 5  0 . 1 6 4  0 . 1 4 8  

- 1 5  

0 . 1 24 
0 . 1 1 8 
0 . 1 27 
0 . 1 0 6  
0 . 1 0 0  
0 . 1 1 3 
0 . 1 36 
0 . 1 4 6  

.p. 
0\ 



Table  8 :  Water uptake ra tes (mm/ d )  during the season 

Vienna Grea t Bend 
1982 1983 1982 1983 

I D I D I D I 

E 5.1 5.1 5.2 5.2 5.6 5 . 6  6 . 7  

M 5 . 3 4.4 4.0 4.0 6.0 3.0 7.2 

My 4.2 4.6 - - 3.7 3.8 3.3 

E - E arly in the season I - Irriga ted 

M - Midseason D. - Dryland 

My - Ha turity 

1982 
D I 

6.7 5.5 

6.7 5.5 

3.3 2.5 

Lowry 

D 

5.5 

4.4 

3.2 

1983 
I 

5.6 

6.0 

4.2 

D 

5.6 

6.0 

4.2 

� 
-....,J 
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existance of finer pores because of high bulk densities lend support 

to a capillary rise . The maximum uptake rates observed during 

mid-August in 1983 were 5 . 3 , 7 . 2 and 6 . 0 mm/day respectively for 

Vienna , Great Bend and Lowry . The higher uptake rate from the Great 

Bend compared to Lowry might be due to its ' greater available water 

capacity. Further the Great Bend profile was recharged during this  

period by rai n ,  4 em , and irrigation 8 em compared to 4 . 5  em irriga

tion and 7 em rain , which was received during the later part of the 

period , in Lowry (Fi gures 4 & 5) . 

The uptake rates during midseason were higher in the irri

gated treatments than in the dryland in 1982 . Also the uptake rates 

during mid season both in Great Bend and Lowry were greater during the 

1 983 growing season than in 1 982 . This is probably due to withdrawal 

of more water from the upper portion of the profile which was 

recharged by irrigation and rainfall (figures 4 & 5) . This  · shows that 

the amount of water available in the profile influences the uptake. 

This is supported by the work of Willatt and Taylor (1 978) . 

The potential evapotranspiration (Penman method) and the 

estimated evapotranspiration (Blaney-Criddle method) values are given 

in table 9 for the 1983 growing season . 

The estimated values are approximately equal to the uptake 

rates reported for the correspond ing period s. 

Uptake rates reported here generally agree with those of 

Mason et . al . (1 980) . Their rates were 4 . 8 ,  7 . 1 and 3 . 8  mm/day respec

tively for S l-58 , 7 7-80 and 9 1-97 d ays after planting . Their evapo

transpiration rates for the correspond ing period s were 4 . 6 ,  5 . 2 and 4 . 4 



Table 9 :  Potent ial and estimated evapotranspiration during the 1983 growing season in Vienna loam 
and Grea t Bend silt loam.* 

* 

Potential evapotranspiration 
(mm/day) 

Estimated evapotranspira tion 
(mm/ day) 

�ate July 

5 . 3  

5 . 0  

Vienna 

Mid-August 

6 . 0 

5 . 8 

Weather Services : Agricultural Engineering Department , SDSU . 
The data were not available for Lowry soil . 

Great Bend 

Late July Mid-August 

6 . 5  7 . 5 

7 . 0 7 . 2 

+"" 
\0 
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mm/day. Thus , it appears that the uptake in the dryland during the 

mid season in 1982 was low both in Great Bend and Lowry compared to 

1 98 3 . 

The data on water uptake from the profi le layers exclusive of 

the 0 to 15  em layer for two period s in 1982 is given in table 1 0 . 

The uptake rate during la te  July in Vienna was 3 . 6 mm/day compared to 

2 mm/day each in Great Bend and Lowry. The recharge of the top layer 

by rainfall durit g this pe iod in Great Bend and Lowry might have 

shlfted the major portion . of the uptake to be withdrawn from the top 

layer. This is support d by the work of Kohl and Kolar ( 1 9 7 6) .  

The con t r i but i on to the total water uptake from the 6 0  to 1 5 0  

em portion of the profi le was 1 9-32% in late July , increasing to 

6 5-83% by mid-August. The increased contribution from the lower 

layers continued until matu ri ty . This  is supported by the work of 

Reicosky ( 1 972 ) , .-:tnd Al lmara s et . al ( 1 97 5 ) . Increased uptake from 

the lower section of the profile as the supp ly in the top portion 

becomes les s emphasized the importance of deep rooting. 

3 .  Uptake Rates in the Profile Layers 

The changes in water uptake rates in the profi le layers as a 

function of depth and time in 1 982  are given in figure 1 3 . The uptake 

curves followed the same trend as the root density curves. Ear ly in 

the season the uptake was higher in the upper portion of the profile. 

By midseason it shifted downward. The decrease in uptake rates with 

a decrease in soil water content in time observed in the present 



Tab le 1 0 : Wate r  uptake ( mm )  during two selected period s in dryland ( 1 9 8 2 ) f or the three soils. 

Depth Vienna Great Bend Lowry 
( em) July 2 3-30 Aug. 6 -9 July 2 1 - 2 8  Aug. 4 -2 4  July 2 1 -2 9  Aug. 1 0- 2 4  

- - - - - - - - - - - - mm - - - - - - - - - - - - - - - - - - - -

1 5-30 9 . 3 0 . 3  4 . 4 6 . 6 4 . 2 3 . 8 

30-45 6 . 9 0 . 8 4 . 5  7 . 2 2 . 9  5 . 3  

4 5- 60 4 . 5  1 . 1 0 . 6  6 . 9 2 . 7  7 . 1 

60- 7 5  3 . 0 2 . 7 1 . 1 8 . 7  3 . 3 8 . 7  

7 5-90 1 . 8 2 . 4 1 . 1  1 1 . 5  0 . 2  9 . 8  

90- 105 - 4 . 0 1 . 2 8 . 6 0 . 5  8 . 4 

1 05- 1 2 0  - 0 . 9  - 8 . 1  0 . 6  7 . 5 

1 2 0- 1 35 - 0 . 9  - 0 . 5  - 5 . 9  

1 3 5- 1 50 - - - - - 6 . 0 

TOTAL( mm) 25 . 5  1 3 . 1  1 2 . 9  58 . 1  1 4 . 4  62 . 5  

Y% 1 9  8 3  2 6  6 4  3 1  7 4  

Y% = P ercent contribut ion toward s the total from the 60- 1 5 0  em. region of the prof i le . 

VI 
....... 
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investigation is supported by the work of others (Willatt and Taylor 

1978 and Mason et . al 1 980) . The uptake rates reached a high of 1 . 2, 

0 . 64 and 0 . 70 mm/day/15 em layer respectively in Vienna, Great Bend 

and Lowry . The relati vely higher rate of uptake in Vienna might be 

due to the availability of more soil water . 

The zone of maximum uptake in Vienna did not exactly 

correspond to the zone of the rooting bulge. Instead, the zone of the 

ma ximum uptake was shifted downward by ·-about 25  em . This might be due 

to the availability of more water in that region through capillarity . 

However , according to Jung (1 980) the minimum root density required 

for significant uptake from a profile layer is 0 . 1  em of root/cm3 of  

soil . The observed root density in the zone of maximum uptake was 

0 . 02 em of root/cm3 of soil . It appears that the root density is ina-

dequate for such a high uptake rate . However , Bennett et . al (1 9 7 9) 

reported that 3% of  the root system in contact with a nutrient solu-

tion supplied all the water the plant needed. Thus the high uptake 

rates observed in the present investigation with only about 2% of  the 

total root sy stem in a capillary fringe might be possible . *Kohl 

found that 2% of the root system of corn plants in contact with the 

capillary fringe supplied sufficient water to obtain maximum yield 

while the remainder of the rooting profile did not reduce water con-

tents much below field capacity . 

* Unpublished data . 



4 .  Uptake Per Unit Root Length 
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Uptake per unit root length was calculated by dividing the 

volumetric uptake (cm3 of water/cm3 of soi l) f rom a profi l e  layer by 

the correspond ing root density. The results are given in Table 1 1 . 

The uptake per unit root length increased with depth in time and the 

maximum rate was 0 . 2  cm3 of water/em of . root/day in Vi enna loam. 

These values are clo se to those of Reicosky ( 1 9 7 2) and Allmaras et. al 

( 1 97 5) .  However, Reicosky reported a maximum uptake rate of 0 . 6 7  

cm3 o f  water/ em of root/day compared to Allmaras ' of  0 . 2 cm3 of 

water/em of root/day. The high value of 0 . 67 cm3 of water/em of 

soil/day was observed at the depth of 7 0-80 em w ith a water table  just 

below 1 00 em. 

The mean values of uptake were around 0 . 03  cm3 of  water/ em of 

root/day. The lower value observed in Great Bend during the second 

period might be due to the longer length of the observation peri od ; 

otherwise the modal values are supported by the work of Allmaras et. 

al ( 1 9 7 5) . 

The increased rates of absorbtion per unit root length in the 

lower sections of the profile suggests that the roots absorb more 

water when the water is readi ly avai lable. The major cause for 

decreased uptake in the upper portion of the profi le with decreasing 

water content is more likely related to transmission characteristics 

of both soil  and roots, than to root suberi zation. The return to nor

mal uptake rates (Figures 1 0 , 1 1 , & 1 2) after rain or irrigation also 

suggests that aging is not a factor that interferes with uptake. 



Table 1 1 : Wate r uptake rates per unit root length . 

em3 of water / em of root/day 

Depth V i enna Great B end 
( em )  July August July August 

2 2-30 6-9 2 1 -2 8  4 - 2 4  

1 5- 30 0 . 02 2  0 . 004 0 . 0 1 2  0 . 00 5  

30-45 0 . 02 7  0 . 01 2  0 . 0 1 5  0 . 006 

4 5-60 0 . 0 2 9  0 . 009 0 . 06 0  0 . 00 5  

60- 7 5  0 . 03 9  0 . 03 0  0 . 02 5  0 . 0 1 0  

7 5-90 - 0 . 08 9  0 . 0 50 0 . 0 1 0  

90- 1 05 - 0 . 1 50 - 0 . 0 1 6  

1 0 5- 1 2 0  - 0 . 2 00 - 0 . 04 3  

1 2 0- 1 3 5  

Mean 0 . 030 0 . 0 7 0  0 . 03 2  0 . 0 1 4  

Lowrl 
August 
4-24 

0 . 00 5  

0 . 0 1 0  

0 . 0 1 3  

0 . 0 1 2  

0 . 0 1 5  

0 . 0 1 3  

0 . 0 3 0  

0 . 1 4 2  

0 . 0 3 0  

l/'1 
l/'1 
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D .  Grain Yield 

The da ta on gra in yield as re lated to water us e ( sum of the 

i rriga t i on water app lied , pro f i le storage and ra in fall ) during the 

growing seas ons is given in figures 1 4 , 1 5  and 16 . The to tal rainfall 

rece ived during the 1982 growing season was 280 , 2 0 7  and 1 4 3  mm resp ec-

t ively in Vienna , G reat Bend and Lowry soi l .  And tha t rec e i ved during 

the 1 9 83 growing seas on was 3 3 5 , 2 6 5  and 200 mm resp ec t i ve ly on the 

three soils . The to tal pro f i le de p le t ion was 1 20- 13 5 , 1 60- 1 7 0  and 

'220-230 mm res p ec t i vely in V ienna , Great Bend and Lowry soi l for both 

year s .
. 

The bean yields var i e d  from si te to si t e  and year to year . 

Yield is , however , the fina l  resu l t  of no t only water and nut r i ent 

supp ly but al so insect  and disease damage , atmo spheri c stres s and 

f i e ld management . The impac t of mos t  of the se fac tors is not known , 

especia lly quant i ta t i ve ly . 

The 1 983 yields  on L owry si lt loam were reduced by 

grasshopper damage . The plo t area was small and lo ca ted  on go ve rnment 

program se t-as i de land ( fallowed ) adjoining a large field  of brome-

grass . When the brome gra s s  was cut for hay gras shoppers moved int o  

the soybean plo t s . Re p ea t e d  sp raying would de s t roy the res i dent popu-

la t i on unt i l  a new group moved int o  the plo t area . Good ins e c t  cont rol 

was no t achieved ; large ho les app eared in the leaves and many pod s  

were par t ially o r  ent i re ly ea ten . The extent o f  thi s  damage was not 

quant i f ied . The wooly bear ca terp�lar damage and the los s  be caus e of 

some unshelled pod s pas s ing through the combine harves tor from the 

plots in Vienna al so were not quant i f i ed . Howeve r , some genera l . 

conclus i ons can be drawn from the yield da ta . 
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The da ta points  of the fi gures for 1982 ( f i gures 1 4 , 1 5  and 

16 ) t end to show an increase in yield wi th water use .  However ,  a 

clus tering of mos t  of the yield data point s was obs erved in the reg ion 

of  maximum y ields . The inc reas e in trend of bean yield with wate r use 

is  sup por ted by the work of D o s s  et . al ( 1 9 74 ) . They rep ort e d  tha t 

soybean yie ld was linearly re lated to the water rece i ved during pod 

f i ll . 

The clus te ring of point s in Vienna was observed be tween 4 6 5  

t o  48 5 mm and 5 1 5  to 5 3 5  mm o f  water use in. 1982 and 1 98 3  respec t i vely . 

However , the supp lementary ir rigat ion supplied to reach thes e  ranges 

was 40 mm in both years . The clus tering of point s in Great Bend was 

observed be tween 600 to 625  mm and 5 1 5  to 530 mm wate r use in 1982  and 

1 983 re spec t i ve ly . During the relatively dry 1 98 2  g rowing seas on 225  

mm of  irri gation water  was us e d  to supp lement the rainfa l l  compared to 

50 mm in 1 983 . The re l a t i vely hi gh irri gat ion use in 1982  was par

t ia lly due to over irr i gat ion . For example the 145 mm single irri ga

t ion given on Augus t 1 3  cou ld have been reduced to one-ha l f  of . the 

amount app lied . The clus t e r ing in L owry was more apparent in 1 9 83 

than in 1 98 2 . The clus tering was observed be tween 390 to 420 mm of 

water us e .  The sup p lementary ir ri gat ion given to reach thi s  range was 

1 00 mm . The inf luence of irr i gation water use ,  3 00 mm , covering a 

long period , mid Ju ly through matu ri t y ,  on grain yield is wel l  shown 

by the spread-out of point s in 1 982  for L owry . 

F rom the forego ing i t  appears tha t , during the 1983  g=owing 

s ea s on the soybeans ei ther rec e i ved almos t  al l the water they needed 
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f rom rainfall and pro fi ).e storage o r  were not strongly aff e ct e d  by 

de f f i cienc ies in wat e r  supp ly . However , during the 1 9 8 2  growing 

sea s on , wi th limi ted rainfall from late July through Augus t ,  the 

uptake from the Great Bend and Lowry roo t ing profi les unde r  dryland 

condi t i ons appears to be inadequa�e to mee t  the environmenta l  demand . 

R i t chie et . al  ( 1 97 2 )  and van Bavel ( 1 96 7 ) showed that evapot rans p i ra

t ion remained at po ten tial  unt i l  almo s t  80% o f  the ava i lable soi l 

water in the roo t  zone had be en withdrawn . The crop evap ot rans p i ra

tion then dro pp ed linearly wi th decreas ing ava i lable wate r .  The 

correspond ing yield data were no t avai lable though yield could be 

affec ted be fore evapot rans p i rat ion was reduced . However ,  Ri t chie  et . 

al ( 1 9 72 ) s tated tha t thi s  threshold value varies wi th crop , sea s on 

and soi l type . In the pre s ent inves t i gation about 65% o f  the 

avai lable wat e r  was dep le t ed by la te Augus t .  Thus , it might be 

pos s i ble that the evap o t rans p ira t i on ra te might have been reduced 

under dryland . 

Hanks et . al ' s  ( 1 9 7 6 ) publ ished da ta on corn demons t ra ted a 

linear increas e in yield w i th crop water us e .  Taken tog e the r with 

the data of R i t chie et . a l  ( 1 97 2 ) one would expect a yield increase 

wi th an increase  in wat e r  us e from the prof i le . I f  the curve then 

f lat t ens int o  a hor i z ontal  mode the maximum yield for water us e would 

have been at t ained and ar y ext ra ··water us e " may result  from drainage 

losses or measu rement er ror s . The clus tering of point s  toward the top 

of the figures tend to illus t rate  the above . 
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A SAS l inear regre s s ion program was us ed to  exp lore the rela

t ionship be tween bean yi e ld ( Y )  and the amount of water use d  (W ) . 

ie . Y = f ( W) 

The fol lowing equa t i ons were obtained from the program. 

S o i l  Year Equat ion r 

V ienna 1 98 2  y 16 . 62W - 5847 . 1 5 0 . 7 1 

Vienna 1 9 8 3  y 5 . 5 3W - 109 9 . 6 3 0 . 1 8  

Grea t Bend 1982  y 9 . 1 1W - - 31 5 1 . 14 0 . 8 3  

Grea t Bend 1 9 83 y = 1837 . 94 + 1 . 5 5W 0 . 3 9  

Lowry loam 1 9 8 2  y = 2 . 39 + 4 . 47W 0 . 80 

Lowry loam 1 9 8 3  y 602 . 6 3 + 1 . 59W 0 . 2 2 

The slope of the equat ion tends to be small indi c t ing tha t an 

add i t ion of an increment of wat e r  app lied produced onl y  a smal l 

increase  in yield . Thi s  was es pecially true for 1983  when ra ins pro

vided mo s t  of the wat e r  neces sary for growth and li t t le irri ga-t ion 

wat e r  was needed . A much be t t e r  co rre lat ion ( 0 . 7 1 to  0 . 8 3 ) was 

obtained for the dry year of 1 98 2 . In that year large r amount s of 

irriga t ion wa ter were required to sat i s fy plant requi rement s resu l t ing 

in a be t ter gradient of well irrigated to dry plot s . 
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SUMMARY :  

Field experiment s on the root ing dens i ty and wat e r  upt ake of 

soybeans were car ri e d  out on three so i ls , separated by about 2 00 - m iles 

in eas t ern S outh D akota , d uring the 1 98 2  and 1983  g rowing seas ons . 

The maximum root ing dep th was obse rved under dryland cond i t i ons and 

was 1 3 5  em each in G reat  Bend and Lowry si l t  loam soi l s  and 1 20 em 

in V ienna loam . Hi gh bulk dens i t i es ( 1 . 74 to 1 . 7 8  g / cm3 ) and reduced 

soi l aera tion ( le s s  than 9% ) in the lower sections of the V ienna pro-

f i le are suspected caus e s  in prevent ing root pene trat ion be low 1 2 0  em . 

However , no conclus i ons were off e red for root  pene t ra t ion be ing 

limi t ed to 135 em in the other two soi l types . 

Generally , ver t i ca l  roo t pene t ration was cont inuous 

thoroughou t the growing sea s on in the dryland plot s . However , . the 

extens ion rat es in gene ra l increased with age through early pod se t 

and de creased during matura t i on . The root extens i on rates  were 

greater for dryland treatment s during the dry year , 1 98 2 , compared to 

the wet year , 1 983 , and compared to the irri gated cond i t ion . The 

roots  pene t ra t ed to the maximum root ing depths by midseas on in the dry 

year compared to at maturi ty in the wet year , indica t ing tha t the age 

of the plant did no t int er fere wi th roo t  pene t rat ion . 

The root  dens i ty bulges observed in the roo t ing pro f i le 

sugges t tha t root  dis t r i bu t i on did not de crease monot onous ly with 

depth . The app earance of roo t ing bulges in the pro f i le indi ca t e s  

increas ed root  ac t ivity i n  those regions . The shif t ing o f  the s e  



bulges downward wi th time sugges t tha t the zone of maximum water 

uptake was al so shi f ted down wi th time . 
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The root  dens i t ies  in the profi le layers increased w i th time 

through pod f i ll . Roo t  degenera t ion with app roaching maturi ty appears 

to be a common fea ture unde r  dry land cond i t ions , es pecially in the top 

7 5  to 80 em , but the roo t  dens i t y  in this re gion was maintained 

above 0 . 2  em of roo t / cm3 soi l to maturi ty . Greater root  length , 55 em 

of root / cm2 of so i l ,  unde r  a uni t  su rface area in dryland field com

pared to 37 em of root / cm2 o f  soi l  in irrigated treatments ind icates a 

larger soi l vo lume explo ra t ion under dryland cond i t ion . 

The dep th of wat e r  extra c t ion increas ed with time and �oo t ing 

depth . The genera l trend for upt ake from the layers be low the la s t  

one in whi ch roo t s  were found sugge s t s  an upward cap i llary flux a t  the 

bas e  of the roo t  zone . 

The uptake ra te , 0 . 3 to 0 . 4 5 em of water /day from the dry

land prof i le in 1 9 8 2  Augus t app ear s to be inadequate to mee t  the 

environmental demand . 

The uptake rates  from the pro f i le layers de creas ed with a 

decreas e in soi l wate r  content . However , equa l ly la rge upt ake rates  

were observed at vari ous de p ths in the profi le during the growing 

seas on when wat e r  cont ent s at those  depths were ample . 

The cont r i but i on towards the to tal upt ake from the lower sec

t ion of the profi le increased with time from 2 0-30% in la te July to 

6 5-80% by mid-Augus t under the dryland cond i t ion . Though the cont rL

but ion towards the to tal upt ake from the lower se ct ion of the pro f i le 
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increased with time , the amount taken to produce opt imum grain yie l d s  

i n  a dry year like 1 9 8 2  appears to be insuf f i cient . Thi s  means that 

the root ing pro f i le observed ( 1 3 5 cm)  was not deep enough to supp ly 

adequate amount s of wat er . 
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APPENDIX A 

A SAS mul ti p l e  regr e s s i on program was used to explore the 

pos s i ble re lat ionshi p s  be tween roo t ing depth ( Rd )  and 

1 .  Bulk dens i ty ( e b) 
2 .  Ae rat i on poro s i ty ( Ea )  

3 .  To tal ava i lable water cont ent in the root ing 

p ro f i le ( T ) 

4 .  Days af ter ·  plant ing (A) 

5 .  Amount of water received (W ) 

i . e .  Rd f ( e b , Ea , T , A & W )  • 

The following equat ions were obtained from the program.  

Soi l Year Equa tion r 

Vienna 1 98 2  Rd 4 . 22A - ( 3 7 . 06 +-0 . 02 7A2 ) 1 . 0 

V ienna 1 98 3  Rd 1 . 0 54A + 7 .  74  - O . OOO SA2 1 . 0 

Grea t Bend 1 9 8 2  Rd 0 . 023A + 163 . 95 -
( 4 . 2 9T + 0 . 02SW) 0 . 9 5 

Grea t Bend 1 98 3  RD 4 . 1 9A - ( 130 + 0 . 0 1 6A2 ) 1 . 0 

Lowry loam 1 9 8 2  Rd 570 . 59 + o . 09 4tv -
( 5 1 . 1 6T + 0 . 0064A ) 1 . 0 

Lowry loam 1983  Rd = 93 . 4 6 - 0 . 07 74A + 0 . 0041A2 1 . 0 

I t  appears tha t roo t ing depth is a strong func t ion of days 

a f t er plant ing during the wet year . However , in the dry year it is a 

funct ion of days af t e r  plant ing , to tal water cont ent in the profi le , 

and the amount of water received . 



The hi gh corre la t ion coe f f i cient s are expec ted wi th only 

three sampl ing t imes in the year . 
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