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TITLE : PREDICTING HYDRAULIC CHARACTERISTICS OF CRITIC&-DEPTH 

FLUMES OF SIMPLE AND COMPLEX CROSS-SECTIONAL SEWES 

NRP : 20740 CRIS WORK UNIT: 5510-20740-003 

CODE NO. : Ariz ,-WCL 72-1 

INTRODUCTION : 

The broad-crested w e i r  s t y l e  flume appears t o  be we l l  s u i t e d  t o  

i r r i g a t i o n  canal  app l i ca t ions ,  The e r r o r s  of const ruct ion a r e  e a s i l y  

con t ro l l ed  because the  width is wide enough t o  make t h e  usual var ia-  

t i o n s  i n  canal-construction dimensions unimportant, while the  flow 

depths a r e  deep enough t o  absoxb t h e  e r r o r  of gage placement, which 

i s  done wi th  surveying techniques, Pub l ic i ty  has been widespread, 

and we have received reques ts  f o r  information and ass i s t ance  from 

farmers, researchers ,  un ive rs i ty  facu l ty  members, S o i l  Conservation 

Service o f f i c e s ,  concrete-ditch con t rac to r s ,  and numerous fore ign 

inqu i re r s .  Requests have come from almost eve-ry western state, 

Canada, Ind ia ,  S r i  Lanka, Puerto Rice, and t h e  Netherlands where a 

design f o r  a smal l  f l a t  gradient  r i v e r  was proposed, Standard flume 

s i z e s  have been developed f o r  s e v e r a l  small. s i z e  canals ,  which w i l l  

be published i n  a USDA Famers '  B u l l e t i n ,  wi th  a more t echn ica l  ver- 

s ion  being prepared f o r  Transactions,  ASf4.E. W e  plan t o  extend these  

s tandard  flumes t o  l a r g e r  s i z e d  canals  and l a t e r a l s .  The p resen t  

vers ions  a r e  computed f o r  t r apezo ida l  canals wi th  1-ft-bottom widths 

and 1:l sides lopes .  Two-ft bottom canals wi th  l:l and l , 2 5  :1 are 

a l s o  included. 

The Salt; River r o j e c t  now has t h e  a b i l i t y  t o  design t h i s  s t y l e  

of flume. Three l a r g e  f l m e s  were designed by Joe  Robins (SRP), and 

t h e  designs were reviewed by us f o r  l a t e r a l s  i n  t h e i r  canal  system. 

These were i n s t a l l e d  i n  October 1978 near Gi lbe r t ,  Arizona, 

The mathematical model wi th  the  labora tory  r a t i n g s  t h a t  have 

been accumulated over the  l a s t  LO yea rs ,  inc luding some work by 

Bazin i n  1865 and by A. R. Robinson i n  1968 (as  updated by Humpheries 

and Bondurant, 1978), were presented a t  an 1KiEKO meeting i n  the 

Netherlands (1;ZOMECO 78)-  The modeling w a s  w e l l  received,  and contact  

was made with M. G. Bos who has a l s o  done research wi th  long-throated 
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flumes . Con-cact was a !.so iiadc w i  t'rr i d ,  R a d*iini t-c who has been  working 

w i t h  Crmp weirs, The si.gni.fican.t p roper ty  of these we i r s  i s  t h e i r  

apparent  f avorablo  cl-raracir;cris t i c  of transporri ng serliment because 

o E t he  sl-oping approach ramp, S i nce  our broad-crcs Led weir s t y l e  

flume has s i n i i a r  r o p e r e  i ds ,  i f+ .;hould a l s o  pass sedtnlent w a l l ,  

It has  performed s a l i a i a c t o r i l y  i n  irrigation sjtuarions w i t h  Low- 

sediment t r a n s p o r t  rate&, lie nay h e  able t o  observe the  f i e l d  

behavior  i n  more de tar l  a t  some of thc many locations r e s u l t i n g  

from the contact-s f o r  nssisc.anLe sad i n f o c m a t i o n ~  R l i s t  oE f i v e  

p u b l i c a t i o w  and oac prcseneati on concerrririg ll.irnes is  e t t ached .  

MEW DES LGNS : 
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"Expedien~"  Plumes . O f  the  "expedientn fluines , one in p a r t i c u l a r  

appears  u s e f u l ,  It i s  conshruci:ed from a s i n g l e  s h e e t  of 3/4-inc11 

plywood- One method of cons t ruc t ion  i s  as fol%ows: 

I. Gut o f f  and  sa-ve a l.2,0-inch-wide p:iece fronz one e ~ l d  of 

t he  Eul.1 s h e e t ,  (Resu1 . t  i s  a 12,lI-inch by 48-inch p i e c e  t o  be used 

l a t e r  f o r  rhe sil l .  piece and ramp seci:ion.) 

2, C u t  Wo more p i eces  about 2 inches  wide, a l s o  from t h e  end 

of the full sheet., (Resul:: i s  two  p i e c e s ,  2 inches by 4 

be  used ].atex a s  c ross  t i e s  ?or the  .f:iu~na,) These are o p t i o n a l  a d  

can. be?. rep laced  w i  In. o t h e r  s t r k ?  r r ia tc r ia l .~ ,  

3. The reinaining Large p i ece  ~ i i i i e h  i s  &out 48 inches  by'8O 

inches  long  is c e n t e r l i n e  markecl a long the  long  diroerrsion and sawed 

lengthwise p a r a l l e l  t o  t he  centerline b u t  o f f s e t  one-half plywood 

th i ckness  ( 3 *  8-i.rrch) , (Resu l t  i s  one piece 24--3/8 i-ncb-es w:ide by 80 

inches Long and one p iece  23-5/23 inches wid*  by 

w i l l  be nai le  toget.h..e-r to form a. "V'htrc>ugh shape w i t h  an i n s i d e  

edge top  width of 33.41 inches  + )  

4 ,  N a i l  the .two ?.arge p i eces  t o g e t h e r ,  obse rv ing  t h a t  t h e  

wider  p i e c e  i s  p rope r iy  ow.-lapped and is  used t o  s tar t  .fne xzailing 

p roces s .  This overlzp w i l l  make the *CP~.mlle ~ o p  l e v e l  rhen p rope r ly  

completed, 

5 ,  Nail t h e  two %--inch b rac ing  s t r i p s  as cross  t i e s  t o  .the 

flume. They can b e  pl..zced abo--' tic I Pt f-*- ,om e i t h e r  end of  t h e  'VV" 

c o n s t r u c t i c n ,  PMle..e s u ~ e  that t h e  "V" i s  90" be fo re  n a i l i n g  on 

cross  t i e s ,  ' ilk measured t o p  width should be 33,41 cini:hes 

6, From the  12-inch-wide secLioa c l ~ t  two p-ieces: one 

r e c t a n g u l a r  12 -4 )  :Inches wide by 1.8 inches long, and the o t b e r  12 

inches v i d e  a d  about 1.9 inches  3.ong- 

7., Bevel. the two long edges of the 118-inch p iece  a t  4 5 O -  This  

w i l l  become t h e  s i l l  c r e s t  piece, Nail. i n  p l ace  &Push wi th  one end 

of t h e  "V" s e c t i o n ,  s o  i l h ~ i t  :it .i.s sylim~etrical:ly placed t o  form 

e l e v a t e d  f l o o r  i n  the i 'V 'bsec t ior~ .  

8 -  Make a cen.t.eic:linc l e n g t t w i s e  on the 3.9--iuch-long piece,,  

Ma-& from the c o m e r s  of one end. to the ccrinterlin.e at t he  o t h e r  
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Earthen C a n . .  &my cana1.s a r c  ml ined .  AppJ.iaailion of s imple  

c o n s t r u c t i o n  techniques to  ~ h e s e  i s  progress ing .  The s e r i e s  recom- 

mended Eos: l i n e d  cana l s  can be used .c.rith a  s h o r t  l e n g t h  o f  pre-paved 

cana l  s e c t i o n ,  and was proposed Sor applicat-ions .in no r the rn  

Cal iforrzia ,  Oregon Montann, a i d  Xcvaila.. i io~we~ilr ,  unlined cana l s  

are usua l ly  wider  and sba l  lower,  of t e n  resembling "waterway7' cons t ruc-  

t i o n  r a t h e r  than i r r i g a t i o n  c a n a h ,  These shapes w i l l  r e q u i r e  a 

d i fEe ren t  s e r i e s  of s i z c s  than  those  prescnrcd  l o r  l i n e d  cana l s .  

The Bureau of Ind im.  A f f a i r s  p l ans  t o  i n s t a l l .  some dur ing  t h e  s p r i n g  

o f  1979, and has  s e l e c t e d  s e v e r a l  s j t e s  f o r  design and a p p l i c a t i o n .  

The unl ined  s t - o m  flow cf lmneis  i n  F l o r i d a ,  thail were f i t t e d  

w i t h  flumes on 3-6 Play L977, were v i s i t e d  i n  October 1978, They 

appear  t o  be  func t ion ing  s a t i s f a c t o r i l y  h y d r a u l i c a l l y ;  however, t h e  

conc re t e  i s  be ing  a t  tacked by the a c i d  drainage wa te r s  and has  

d e t e r i o r a t e d  t o  tlze p o i n t  t h a t  plascer-pacc'ri r e p a i r s  t o  the  t lzroat 

s e c t i o n  have had t o  be made, It appeals  ~ h d t  iiniest.one aggrega tes  

i n  t he  concre te  mix a r e  be ing  d isso ived .  

SIJP1.i"lARU : 

E r r o r  con crol concepts io c   he s i e i n g  of .tile broadcrcs  ted-weir 

s t y l e  of  flume s i n g l e  i t  out as a  very us;il>le shape Eor l i n e d  cana l s  

Because of  t h i s ,  precomputed s i z e s  ski i table  Lor t h r e e  comon con- 

c r e t e  s l ip2ormed cana l s  have heen se!ec"ic!d and conputed Ln coopera t ion  

w i t h  S o i l  Conszrvation Serv ice  a n a l y s ~ s  of  needs,  Thcse have subse- 

quent ly  been s l i g h t l y  modified Lo inco rpora t e  i i e i d  exper ience ,  cmd 

e d i t e d  Eor a  IXDA SFA Pai-nt:rsq B u l l e ~ i n  to be d i s t r i b u t e d  nat ionwide.  

Comparisons of matheniatical modeliqg r e s u l t s  and l a b o r a t o r y  'ad 

f i e l d  ineasuremenLs wcre publ i shed  f o r  l a  flurries of ~ r i x n g u l a r ,  t rape-  

z o i d a l ,  and rec"iarrgu1a-c c ros s - sec t iona l  sbapes , inc ludi i lg  t r a p e z o i d a l  

broad-cres Led w e i r s  Represcnta"i ive d a t a  f o r  w e i r s  f:luncs prcvi -  

ous ly  publ i shed  by Baxin (L855) and by l i o b i ~ s o n  (1968, a s  updated by 

Humpticries and Bondurant , l978, p r i v a t e  comnunication) j-nclude s t age -  

d i scha rgs  informatiorr om each flmxe, so t h a t  further a n a l y s i s  by 

i n t e r e s  ted  s c i e n t i s t s  i s  p o s s i b l e .  
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A series o f  t h r e e  s m a l l  E Lumes, two o f  which have been  c o n s t r u c t e d  

£ o r  f i e l d  t e s t i n g  d u r i n g  che coming i r r i g a t i o n  s e a s o n ,  have been  

developed f o r  furrow i r r i  g a r i o n  r; t u d i e s  , a t  t h e  reques  t of t h e  S o i l  

Conscrva t  i o n  S e r v i c c ,  a C a l i i o r n t a  vn i .ve rs i ty ,  and groups -csiChi-n our  

own agency.  Advantages a r e  - -5- 22 accuracy w i t h  easy f i e l d  insi:aL:Ia- 

t i o n  and i r1sens i t iv i t .y  t o  nxiiernezzr: of che flume due t o  s e t t l i n g  o r  

a c c i d e n t a l  bumping, S p e c i a l  b u t  simp-le phys Lcal ar rmgenen"cs  i n -  

v o l v i n g  t h e  r r a n s l o c a t i o n  of i h e  s t i l l i n g  !sell provi  de t h i s  f e a t u r e  

t h a t  is  p a r t  o f  m e c l ~ a n i s ~ w  f o r  which a p a t e n t  a p p l i c a t i o n  h a s  b e e n  

f i l e d  (Augizst 1 9 7 8 ) .  

An inexpe i i s ive  flume, nade i r o ~  o i x  s h c e t  oE p.Lywood and some 

p l a s t i c  s h e e t i n g  o r  i r r i g a t i o n  cacvas ,  was demons t ra ted  t o  a un iver -  

s i t y  hydro logy  c l a s s ,  and subseq~zenLly i s  b e i n g  consi-dercd f o r  

p o r t a b l e  u s e  i n  NebrmLn l o r  siirt7eying Low-flow s t r e a m  d i s c h a r g e s ,  

The concre"i 3 - sec t ion  ir i a n g u l a r  f l umes i n s t a l l e d  i n  F l o r i d a  

f o r e s t r y  w a t e r s h e d  p r o j c c l - s  c o r ~ t i n i i e  t o  fzmci ion t o  Lheir  sat is  Eac- 

t i o n .  Some c o n c r e t e  quai-ity problems r e l a t e d  t o  t h e  a c i d  r m o f f  i s  

a p p a r e n t  . 
Design recomer~cla 'cioi~.s f o r  a c o n c r e t e  s i l i . - t y p e  of f:Lun~e were  

made f o r  a s p e c i a l .  site in t h e  Netherl.ancis f o r  use in a. f l a t :  g r a d i e n t  

smali. r i v e  a:. 

Semi-por tabi l i .  ty f o r  the conci-e -ie canal  v e r s i o n s  w a s  a.chieved 

i n  t h e  form of  hc.o p r e c a s t  c o n c r e t e  h?,oci;s, a s i l l ,  and a ramp 

s e c t i o n  f o r  use  i n  small, 1-ft--wide t r a p e z o i d a l  c a n a l s  f o r  f l o w s  up 

t o  10-12 c f s .  While n o t  p o r t a b l e ,  they can b e  moved and r e i n s t a l l e d .  
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Ta'bLc 1. G a i i b r a t i o n  f o r  plywood temporary flume, 
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CODE NO,: USWCL 73-3 

INTRODUCTZQM: 

The objective and need f o r  this research project appeaced in the 

U, S, Water nnsdrva t im L.;rboratory 197 7 Annual Report. Procedures 

and results for rhe second year conducted at ~ h c  Mesa Experiment 

Farm, Mesa, Arizona, are presented in this report, 

FIELD PROCEDURE 

Spring, Trr igacior l .  treatments included two subsurfdce triclcLe -- --- 
trickle KO end of harvest and t r i ck ie  to beginning of 

harvest), two irrigation frequencies (weekLy and daily), and three 

irrigation quantities (1- 0,8, and 0 - 6  times consi-rmptkve use), 

These 12 treatments were replicated five times in a randtimized-block 

each plot being two beds wide and 70 fcet Long, The 

trickle lrrigae ion sys rem \sed was Reedi s Ei-iai'a.LL, a double-chamber 

e tubtng, having a 12-inch ouzside orifice spacing* The 

tuhing was i n s t a l k  6 inches deep and I. :inch a.;g;iy from the seed TOIT. 

as a standard to check yicl.d, fruit cjuaiity, and cansz/.ro.ptive use, 

Cantaloupe seed, Top $lark., was pLmtec! on ;<arch 30 on the east 

slope of nor th-south oriented beds Water appl.ica"iim for gemina- 

tion were 2-3 a d  2-9 inches, rcspecriveiy, on the  criclcie and furrow 

irrigatim p l o t s ,  !kratse of early rains, an additional 0.9 and 1-1 

inches of water veee applied on April 11, just belure plant emergence 

to reduce soil t r u s c l n g ,  M ; o ,  soil conpactinn existed on the entire 

field Croin spring plowing under tile abnormally wet rnuisture condi- 

tion, Plants semrrgeii on b,pri.L 1.2 and 13 wixh  an cxcelbenc stand 

resulting on ; r i l l  p1.ots.. After thinning of plants eo a 12-inch spacing 

along the row on May 3, 1-5 and 2 - 3  inches of water were ;i.pp:iied to 

the trickle and iurrow treatments, The d i f  Eerznt water quzntities 

applied by trickle irrigaLion were initiated on May 12 and were 
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c a l c u l a t e d  by n lu l t i p ly ing  1 .0 ,  0.8,  0 - 6  t imes an esLimaeed consump- 

t i ve -use  rate f o r  a  weekly o r  d a i l y  i r r i g a t i o n  i n t e r v a l ,  This  r a t e  

was taken  from a 4-year mean consump rive-use curve measured f o r  

es at the  Mesa Experiment Farm ( l ) ,  wiLh i r r i g a t i o n s  based 

on t h e  entire s u r f a c e  a r e a  between p l a n t s ,  One h a l f  of t he  e r i c k l e -  

p l o t  i r r i g a t i o n s  were t e r m h a t e d  on J u l y  2 ,  whereas t r i c k l e  i r r i g a t i o n s  

cont inued until July 17 on t h e  remaining p l a t s ,  Furrow a p p l i c a t i o n s  

a f t e r  t h i n n i n g  were 3-7 i nches  on June 1, 3.7 inches  on 12 Juae, 

3,7 inches on Jrme 21, and 2 .0  inches  on Juae 30 ., 

F e r t i l i z e r  a p p l i c a t i o n s  inc luded  150 2 s / a c re  u f  n~rilri~iiiuri! 

s ided res sed  over  the  field be fo re  p l a n t i n g ;  85 

-0-0) a f t e r  thirtning on Play 12, and 85 I_'is/acre 

of u r e a  a f t e r  ea- r ly  runners  on June I. f o r  Loth metiiods, AEeer the 

p l i c a t  ion, f e r t i l L z e r  applica"cionc+ f o r  7 he t r i c k .  i e were 

d e l i v e r e d  rheaugh ttte s y s  tem, wliereas f e r t i s i  zel; app?:' ca i io j - i s  Lor 
r ,- t h e  furrow w e r e  banded about 2 inches  away from the p l z t 7 7 ~  r w *  rr~e 

t o t a l  F e r t i l i z e r  a p p i i e d  was 102 I b s  of a c t u a l  N I , , - L  u ~ : i  30 

fbslaci-e  o f  1 

t a  obLainecl included %rater a p p i i c d ,  s o i l  i ' ; i o i : ;~ l i c i :  

content by g r a v i w t r  i c  and neut ron  probe  rnzasure-iiim L.S (i bee: I-eutron 

i n f o r m t  i o n  has nor been f r r l l j l  analyzed) , y k i d ,  and Tru iL cjual l t y ,  

Water a p p l  i c a c i u n s  f o r  rhe  t r i c k l e  treatiixrrts rferc.  measured w i i h  a 

turbine-vane water  ineLer, aE t e r   ere water  was E l l i  cred through a 

si l i ca )  f i  ! t e r  and 200-mesh ( 7 5  micron) s c reen  f L l t e r .  

Furrow i r r i g a t i o n s  were measured by an iiapeller-type water  rnerer, 

Cantaloupe h a r v e s t  from 50 Et of t h e  wrest row on " ie  60 t r i c k l e  

and 6  furrow p l o c s  began on June 30 and Lasted u n t i l  J u l y  26 (27  

clays). Melons were harvcs  t e d  t h r e e  t imes p e r  week, s i z c d ,  counted,  

and graded as marlretable o r  cull.s, Fo~nr s i z e s  were packed: 23,  27, 

36, or 4 jumbo ~ncLons p e r  commercial crate (32 x 13 u 13 inches )  

a11c1 wcce referred 1.0 by t h e i r  s i z i n g  numbecs. The smal'Lcr rile number, 

the  l a r g c r  Lhe melons, wi th  t h e  36 ' s  gene ra l ly  the most  clesdrahle,  

All melons s n ~ ? l l e r  ti-a12 L r S ,  r o t t e n ,  s o f t ,  ground s p o ~ ,  s l i c i c ,  o r  

s p l i t .  vexc  consiilcred t h e  c u l l c d  o r  discarded rrlelons, At f i v e  
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d i f f e r e n t  t i m e s  d u r i n g  t h e  h a r v e s t  p e r i o d ,  f o u r  T ~ I ~ ~ L I T C  melons were  

s e l e c t e d  a t  random from e a c h  p l o t .  F r u i t  q u a l i t y  i n  terms of  s o l u b l e  

s o l i d s ,  g e n e r a l  appearance ,  n e t t i n g ,  o u t s i d e  c o l o r ,  f l e s h  c o l o r ,  

f l e s h  f i r m n e s s ,  caviLg d r y n e s s ,  c a v i t y  l engch ,  and c n v i i y  w idrti v e r e  

e v a l ~ ~ a ~ ; ? d  ou kese melons* S o l u b l e  s o l i d s  were detcrmirred by a hand 
3 

r e f r a c t o r w e e r  from the j u i c e  o f  a 1 cm c o r e  from the blossonz end o f  

e a c h  test melon and a t  a  l o c a t i o n  o p p o s i t e  the s i d e  t.diwe t 

l a i d  i n  the. f i e l d ,  General. appearance ,  n e t t i n g  , au ls  i& color ,  f l e s h  

c o l o r ,  flesh f i r tnness  , and c a v i t y  d r y n e s s  were jridgcci s u b j e c t i v e l y  

by comparing c u t  s u r f a c e s  'co a p r e - e s t a b l i s h e d  scricc; shmi izg  the 

v a r i a t i o n  of ineion qual i r -y ,  C a v i t y  l e n g t h  and w i d t h  were  measured 

w i t h  a hand r u l e r .  Y i e l d  and q u a l i t y  daea  were ana lyzed  s tat is t i -  

c a l l y ,  and means sere s e p a r a t e d  by Duncan's rnulri:?lc range  t e s r  - 
F a l l .  Af ter  t h e  hacves  Ling o  E s p r i n g  ccl1~~3ioupes  ~ ," ! l iLe  S L ~ S I L K ~ ~ G ~  -- 

t r - i c k l e  l iccs remained i n  p l a c e ,  o l d  v i n e s  Irere rcmoveci u s i n g  ;in 

oni.on knife t h a t  was mounted t o  a  t r a c t o r  t o o l  ba r  t o  cur. oLf vine 

t o p s  f rom r n o L s ,  f a l l o w e d  by hand r a k i n g  t o p s  i n t o  ttre Eurzows; a 

r o t a r y  Li i i s te iz  C U I L  ivi2Lo-c was t h e n  us2d Lo p r c ~ p a ~ ; :  a jced be 

f a l l  c a n t a l o u p e s  were p l a n r e d  on J u l y  31, w i t h i n  5 days ironn Kina1 

fsarves t ing of  spring canta 1 o q e s  . T r i c k l e  Lrr i p i i c n  t r e a t m e n t s ,  

c a n t a l o q e  v a r i e q ,  water P i l C r a t i o n ,  w a t e r  measurement, Lhizzmkng, 

and h a r v e s t i n g  p r o c e d u r e s  were t h e  same f o r  che f n l l  as the s p r i n g  

cantal .oupes.  Th2 f i r r row- i r r iga ted  b o r d e r  .was aga Liz ~ l s e d  as a s t a n d -  

a r d  to check yield, r ' r a i t  q u a l i t y ,  and consi~mpirive use.. 

p t i c a t i o n s  f'or g e r m i n a t i o n  of 1 - 8  and 3-7 i n c h e s  were  

a p p l i e d  t o  a l l  t r i c k l e  and furrow p l o t s ,  r e s p e c t i v c i y ,  on Augusc 1, 

P l a t  emergence began on August 6 ;  however, by August 9 a few seed-  

l i n g s  had d i e d  o r  a p p e a r ~ d  t o  show s a l t  damage on t h e  t r i c k l e  p l o t s ,  

Additi.ona.1 tri cicle i r r t g a t i o n s  of O , 9  and 0-7 iacl-res o f  wacer were  

g iven  on August 9 end 1 2 ,  w h i l e  s o i l  s a l i n i t y  s m p l e s  were t a k e n  a l o n g  

t h e  p l a n t  row before  i r r i g a t i n g  on hugust  12, T'ne young p l a n t s  on 

t h e  tri-ckle p l o t s  appeared  t o  r e c o v e r  and were a b o m  the same s i z e  as 

Lfie furrow plail-cs by t l l i n n i n g  on August 23.  After th-kniiing, 0 - 5  and 
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use  dec l ined  d r a s t i c a l l y  (F igure  I ) ,  t h e  a d d i t i o n a l  water  a p p l i e d  

dur ing  h a r v e s t  d id  n o t  enhance p l a n t  growth, Anlple s o i l  moiscuse was 

p r e s e n t  i n  t h e  r o o t  zone t o  mature t h e  melon crop where t r i c k l e  i r r i -  

g a t i o n  s topped a t  ha rves t  , &xim.m cantaloupe producrLon was obta ined  

when t h e  s e a s o n a l  subsur face  t r i c k l e  i r r i g a t i o n  q u a n t i t y  w a s  n e a r l y  

equa l  t o  the  consumptive use  tinder furrow i r r i g a t i o n .  R e s u l t s  of 

1977 canta loupes  showed "chat cantaloupe produc ti-on d i d  n o t  Euxt her  

i n c r e a s e  y i e l d s  tghere t r i c k l e  a p p l i c a t i o n  exceeded tile consumptive 

use  by 25 o r  50%- Marketable c r a t e s  p e r  a c r e  decreased by 24 and 

39% wi th  a p p l i c a t i o n s  a t  about 20 and 40%,  r e s p e c t i x e i y ,  below con- 

sumptive use ;  t h e  t o t a l  number of marketable melons l a r g e r  chart a 

s i z e  36 dec l ined  by 29 and 53%; and the t o t a l  numbel- oE marketable  

melons dec l ined  by 16  and 21% ( a l l  s ign iE ican t  a t  t h e  1% level-, 

Table 2 ) ,  A t r e n d  of increased  percentage  oE c u l l e d  fruit r e s u l t e d  

from "Lle d r i e r  L7reatrnerits, b u t  the t o t a l  numnber of cul i e  

changed L i t t l e  w i th  i r r i g a t i o n  q u a n t i t y  (P igurc  3 ) *  Spring produc- 

t i o n  was n o t  a f f e c t e d  s i g n i f  i c a a t l y  by t h e  ilwo Lrr i g a i i o i l  Creyiiencies 

(Table 2)- Marketable c r a t e s  per  a c r e  were g r e a t e r  than 'I8 

bo th  t r i c k l e  and furrow i r r i g a t i o n s  wi th  waier  app1icat i r :ns  riecli -ihe 

consumptLve-use requirement , Current commcrc ial yields range Erom 

150 t o  250 c r d e s  per  a c r e  oE s p r i n g  c a ~ ~ i a l o n p e s  i n  r i r i i o n a  (2)- 

Tablc 3 s h o w  that i nc reased  product ion a 3; r k c ?  crp L ia ium irr.Lg;izion 

c l u a r ~ t i ~ y  was du.cs. to a greazer  number of l a c g e r  23- and 27-sized 

melons. Horever , r11c s o l  uh l e  solicls (sugar  pe rccn t  age) imp roved For 

watel  a p p l i c a t i o n s  at o r  below t h e  consumptive-use requirement (Table 

4 )  , All t he  f r u i  t -qua l i l y  measurement ( s o l u b l e  s o l  i d s ,  g e n c r ~ l  

appearance,  n e t t i n g ,  o u t s i d e  c o l o r ,  f l e s h  f immess  , and c a v i t y  dry- 

n e s s )  were excep t iona l ly  good dur ing  t h e  f i r s t  week of h a r v e s t  (Table 

4) .  F r u i t  q u a l i t y  decreased during the seconcl week of Zmrvesc, b ~ l t  

t h e  d i f  f c r ences  between t r ea tmen t s  tendcd t o  be sn~all .  ( T s b l c  51, 

Figure  2 slzows thac  about 75% of t h e  nmrlcetable c r a t e s  per  a c r e  

f o r  t h e  optimua i r r i g a t i o n  q u a n t i t y  were produced i n  the f i r s t  11 

days 01 t h e  27-day h a r v e s t ,  and about 30% of the  markctable  c r a t e s  
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p e r  a c r e  w e r e  produced i n  t h e  E i r s t  6 days,  regardLess  of. the i r r i g a -  

t i o n  q u a n t i t y  o r  f requency,  A f t e r  6 days of h a r v e s t ,  marke tab le  

c r a t e s  i nc reased  n o r e  f o r  t r i c k l e  q u a n t i t i e s  n e a r  the consumptive u s e  

t h a n  be-Low,. Relat ionslzips f o r  t o t a l  marketable  rnrilons .ajt?r,> s i1ni.I ax 

f o r  c r a t e s  pcr a c r e  (F igure  3 ) ,  The lO0Z product ion  va i iw r cp rc sen t ed  

about  1 .5  f r u i t s  p e r  p l a n t ,  whi le  75% product ion would bii I ,  3 5 f nii.ts 

p e r  p l a n t ,  

F a l l .  The measured consumptive use  was 16 .1  i nches  o f  w a t e r  f o r  

furrow-irrigated ta1 L can ta loupes .  This  was s- imilar  t o  :he I977 con- 

sumpcive u se  of 15 .  i nches  used t o  schedule  t h e  irr i g a t j  ons i n  

15378, The a d j u s t e d  t r i c k l e  i r r i g a t i o n  clrxmt i t i e s ,  consj  de?cxilg w a t e r  

a p p l i e d  p l u s  ra infa l -1 ,  were 1 .05 ,  0 , 8 6 ,  0 , 7 l  t i m e s  r h e  199 

consumptive use  f o r  the weekly and d a i l y  t r i c k l e  im5i tli,? cnd of 

h a r v e s t ,  and 2.00, 0,81, 0 ,68 r a t i o s  f o r  t h e  weekly and G a i 3 - y  t r i c l c l e  

t o  die beginning  off h a r m s  t (Table I ) .  On t h e  frrrror;~ r rea t r~en t ,  .!.6-6 

inches  o f  water was appli.ec1; and t h e  consumptive-use r a t i o  was 1 - 1 8  

F a l l  c a n t a l o u ~ > e  y i e l d s  a r e  l i s t e d  rin Tab l.e 6 ,  Abciuz 

of  r a i n £  a l l  occur red  during t h e  h a r v e s t  p e r i o d ,  and t.r ic ld  e irriga- 

t i o n s  t o  the end o f  h a r v e s t  were n o t  complet-cd on a cont inuous b a s i s ,  

The re fo re ,  r e s u l t s  showed t h a t  y i e l d  d i f f e r e n c e s  between i r i c k l e  

i r r t g a l i o n  .iizrougl-tout h a r v e s t a n d  t r i c k l e  teriiiinatcd at J i a r v c s t  were 

sma l l .  Rowever, marketable c r a t e s  p e r  a c r e  decreased by 29 and Q 4 % ,  

where a p p l i c a t i o n s  aga in  were decreased by almost 20 and 4 

total aurnber of marketable melons l a r g e r  than a si ze 36 r lcccc-~scd by 

31. and 75%; and the to ta l .  number of  marketable  ~ d o r r s  decreased  7 

and 19.7X ( a l  l. s i g n i f i c a n t  al t h e  5% l e v e l )  ., The reason I o r   he 

g r e a t e r  perccritagc decrease  f o r  marketabl-c crz;(is and Isr- c 1 r 1 1 i Z  

than t o t a l  marketable  Fra i t  was caused by a decrease  iri liir: 

and an i n c r e a s e  i n  c u l l e d  mclons t;illen l e s s  t han  the concr~iny~lve-use  

requi renenc  tras app l i ed  ('Table 7)  a b?eelcly compared to c i a i  i y cub- 

s u r f a c e  t r i c k l e  i nc reased  marketable  c r a t e s  per acre bv  36"/~1d 

increased t h e  nliiii~er of E r u i t  l a r g e r  than  s i z e  36 b y  i1.Z (1.0 23 s i g n i f -  

i c a n t  a t  t h e  SZ level . ) ,  No s i g n i f i c a n t  difference e i r ~ c c n  eiie t o  La1 
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marketable  melons p e r  p l o t  was recorded,  whi le  t h e r e  was a t rend  oE 

inc reased  c u l l  percentage f o r  t h e  d a i l y  over weekly t r i c k l e  Ir!'able 6 ) .  

Checking y i e l d s  w i th  t h e  s t anda rd  furrow i r r i g a t i o n  rx?thncl, thi. 

subsu r face  triclcl.e produced Sewer ~11arkc tabiulc craLcs p e r  a c r e  and 

n a r k e t a b l e  f r u i t  Larger than s i z e  36; b u t t h e  nuiiber of it1~xdset.3lii e 

f r u i t  ha rves t ed  p e r  p l o t  was s i m i l a r  f o r  both methods (Tabie 6')- 

Harves t ing  on t h e  furrow p l o t s  was 2 t o  3 days l a t e r  than on t h c  

t r i c k l e  p l o t s ,  b u t  l a s t e d  3 t o  4 days longe r ,  T o ~ a i  prod?ict ion was 

lower i n  t h e  fall than the  s p r i n g ,  a s  cxpectcd;  how*vcr, n a r k e t a b l e  

y i e l d s  were c e r t a i n l y  r e spec t ab le  where t h e  i r r i g a t i o n  qrraai.ity was 

n e a r  optimum (2). 

Table  7 i n d i c a t e s  cha t  the  inc reased  yieJ.d nea r  ttrc 1-0 t r i c l c l e  

q u a n t i t y  and f o r  weelily over d a i l y  was due t o  a g r e a t e r  n u d e r  of 

Larger me?ons , a r t i c u i a r i y  t h e  s i z e  2 3  and 27- A s  i h e  i r r l g a c i o n  

quan-city decreased ,  rhc  number of c u l l s  incrcaseci,  nlthou$  he num- 

b e r  of green f r u i t  remaining a f t e r  ha rves t  w a s  less. T n S l c s  8 and 9 

sliow so3.izble sol- ids  t o  i nc rease  as the  Lrickii?. i r r i g a t i o ~ i  c j~ i an r i t y  

became l e s s  than l , 0 "  Ccneral  appearance, n e t t i n g ,  ouzs ide  c o i o r ,  

and c a v i t y  dryness  d i d  no t  decrease  u n t i l  t h e  t r i c k l e  q u a n t l t y  

approached 0 , 6 ,  O v e r a l l ,  thc f r u i t  q u a l i t y  was b c z t e r  c l~w ing  t h e  

f i r s t  than "c1e second xrcek of h a r v e s t ,  ~ ' i ~ i l e  soluble s o t i d s  were 

unchanged belween sreeks . 
Approximately 7 5 4  oL t h e  t o t a l  markctable  c r a t e s  per  a c r e  Ywre 

produced i n  t h e  First 14 days of the  23-day ha rves t  on t h e  optinwm 

1 . 0  t r i c k l e  q u a n t i t y  (F igure  5). Again, abour 30% of t h c  warketable  

prodric"con was pmduced i n  about 6 days f o r  b o t h  t h c  L O  and 0,s 

t r i c k l e  q u a n t i t y ;  lioweiier, t h e  0,6 q u a n t i t y  had iower- yie_lcls dur ing  

t h e  e n t i r e  h a r v e s t ,  Af t e r  24 h a r v e s t  days,  t h e  75% marketable 

melons r ep re sen ted  about 0 . 6  of a f r u i t  per  pl.ant, ?d."ilcreas Lhili pozen- 

t i a l  f u l l  -season ha rves t  ceprcsentecl about 0 .8  o i  a market ah 1 c I r u i t  

per  p l a n t  i n  t h e  fXLl wi th  adequate water  (Figure 6)- 

I J in tc r ,  - Af te r  t h e  f a l l  cas ta loupe  h a r v e s t ,  h i&-po-,,uia Lion 

c a r r o t s  and d r y  oniorrs were p r e c i s i o n  planted. on Dc?cernber 12, Thc 
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bed w a s  f i r s t  f l a t t e n e d ,  c u l t i v a t e d ,  and two a d d i t i o n a l  t r i c k l e  l i n e s  

were i n s t a l l e d ,  Three t r i c k l e  l i n e s  were spaced 25 cm a p a r t  a t  a 

3.0-cm depth  w i t h  a  100-crn top  width on the  bed, The e a s t  t r i c k l e  

l i n e  was che same used s i n c e  A p r i l  1, F i f r e e n  r m s  of c a r r o t s  and 

onions were spaced 6 crn a p a r t ,  ti;bile c a r r o t s  were p l an ted  about  2 crn 

and onions about ti crn along t h e  row, 

Subsurface over  s u r f a c e  t r i c k l e  ofEers  s eveea l  p o t c n ~ L i 1  advaa- 

t a g e s  f o r  v e g e ~ a b l e  product ion  i n  terms of l e s s  i n t e r f e r e n c e  wi th  

th inn ing ,  c u l t i v a t i n g ,  weeding, h a r v e s t i n g ,  replanting, o r  o t h e r  

f i e l d  ope ra t ions ,  ubsurf ace  l i n e s  tsi1.L n o t  d ~ t e r i o r ~ l z e  rapidly 

from exposure 130 h i gh  t enpe ra tu re s  o r  r e q u i r e  s t a k i n g  durjag g e r - ~ i a a -  

t i o n  f o r  p r o t e c t i o n  a g a i n s t  wind movement. ALthough ctlexnic_al t rea tment  

of the  i r r i g a ~ i o n  water  has  not  been vsed, root  cl o g g ~ n g  Itc s ncx 

occurred  on t h e  subsur face  t r i c f r l e  Lines t o  d a t e ,  

SmPUnY : 

Mul t ip l e  cropping and ~r.inimuiii e u l t h ~ a t i o n  were used r o  evaluate 

t h e  p r a c t i c a l  advantages 05 subsur face  over s u r f a c e  r r i c k i e  i c r i g a -  

t i o n ,  TWO e o n s e ~ u t i v e  ~ ~ i ~ l i a l ~ u p f  crops were produced i r ~  19713, and 

onions arrd c a r r o t s  were pianred i n  l a r e  i a l l . .  The same subsu r i ace  

t r i c k 1  c sys  tein was used Tor a13 tlhe c rops ,  whereas s u r f a c e  trickle 

w o d d  have r equ i r ed  renova! and replacernenr of o ld  o r  new ti. i c k l e  

lrines , 

Maximum c.an t a l o  upe p reduct ion  was obcained ar i  ti1 subsu r face  

trrlcli?e appl i . ca t ions  n e a r  rhe consumptive use  of about  I8 rinches i n  

t h e  s p r i n g  and 16  inches  i n  tlle f a l l .  PIal-ketal3l.e y i e l d s  d e c l i n e d  

by 24 and 39% w i t h  a p p l i c a t i o n s  a t  about 20 arrd 40% less than  "cl?Ls 

optimum amo~mt i n  t h e  s p r i n g ,  wh i l e  y i e l d  r educ t ions  were 28 and 64% 

i n  the  f a l l ,  Water a p p l i c a t i o n s  a t  40% below consumptive use  

decreased cons iderably  the f r u i t  s i z e  and increased somes~ihar the 

so1.uble s o l i d s ,  Weekly subsurf  ace t r i c k l e  &-ended t o  i n c r e a s e  yieLds 

ovcr daL1y subsu r face  t r i c k l e ,  which was s t a t i s t i c a l L y  s i g n i l i c a n t  

i n  t h e  l a 3 1  and not  i n  t h e  s p r i n g ,  Regardless of i he  i r r i g a t i o n  

Ezequcncg o r  q u a n t i t y ,  approximate Ly 75% of t h e  t o t a l  p o t e n t i a l  
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~narlcetable  melons were produced i n  t h e  f i r s t  11 days of l l a rves t  i n  tlhe 

s p r i n g  and 14 days i n  t h e  f a l l .  Harvest l a s t e d  27 and 23 days i n  t h e  

s p r i n g  and f a l l ,  r e s p e c t i v e l y .  Continuing t o  t r i c k l e  i r r i g a t e  during 

h a r v e s t  compared t o  d i scon t inu ing  t o  t r i c k l e  i r r i g a t e  a t  h a r v e s t  d td  

n o t  improve product ion .  The b e s t  q u a l i t y  melons were pic1ce.d dur ing  

t h e  f i r s t  7  h a r v e s t  days, wh i l e  optimum t r i c k l e  and Eurrow i r r i g a t i o n  

product ions  were comparable. 
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T a b l e  2. Sunmary o f  s p r i n g  c a n t a l o u p e  y i e l d s  (mean of  5 r e p l i c a t i o n s ) ,  1978. 

2 / Marke tab le  No. of f r u i t L 1  T o t a l  no.  f r u i t -  I r r i g a t i o n  Treatment  
c r a t e s  p e r  p e r  p l o t  p e r  p l o t  3 / Percent-  

P r a c t i c e  Frequency Quan c i t y  a c r e  36 and l a r g e r  h a r v e s  Led c u l l s  

2. 
* ;k 9~ >? >'c * ik f: 

T r i c k l e  t o  Weekly 1 .20"  434 oab 58. 4:e 81.0f 8 *  3zb b c  

end o f  0.97 306 e5::f 38,O 65. Lif 
h a r v e s t  0.77 264,7  29. oefg 64,O 1 4 , 9  7abcd 

D a i l y  1 .20 
0.97 
0.77 

T r i c k l e  t o  bk.elc1y 
b e g i n n i n g  

N 
I of h a r v e s t  

i-L 
P D a i l y  

Furrow V a r i a b l e  1 . 1 5  3 8 1 - 2  5 1 - 3  79.5 1 2 . 4  

& R a t i o  o f  s e a s o n a l  consumpti.ve u s e  o f  1 8 - 2  i n c h e s  measured on f u r r o w  i r r i g a t i o n  p l o t s ,  

+c:'+I.zans fo l lowed  by t h e  same l e t t e r  b e l o n g  t o  same p o p u l a t i o n  a t  t h e  5% l e v e l  of s i g n i f i c a n c e .  

I/ >fe lons  of s i z e  23,  27,  and 36 a r e  i n c l a d c d  (Tab le  3 ) ,  - 
2/ Melons o f  s i z e  23,  27,  36,  and 45 p l u s  c u l l s  a r e  i n c l u d e d  (Tab le  3 ) *  - 
3 /  Number o f  c u l l e d  f r u i t  d i v i d e d  b y  t h e  t o t a l  number of f r u i t  p e r  p l o t  h a r v e s t e d ,  - 

e x p r e s s e d  a s  a p e r c e n t a g e .  
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Tirble 3 ,  Grading o f  s p r i n g  c a n t a l o u p e s  (mean of  5 r e p l i c a t i o n s ) ,  1978,  

Average no,  of melons p e r  plor: 
I r r i g a t i o n  Treatment  Green 

P r a c t i c e  Frequency Qua i t  i t y 2 3 ' s  27's 36's 45 ' s Culls f r u i t  

T r i c k l e  t o  Weekly 0,98 1 5 , 4  18-6 14,6 16,0 1 1 , 2  10.0  
b e g i n n i n g  

N 
0 -81 7 , O  12,2 20,2 22.4 9.4 - 71.0 

I - or' h a r v e s t  0,65 3 . 2  6, 4 17,G 2 5 , s  1 3 . 8  6 - 0  

Furrow V a r i a b l e  ~ , 1 5  16 .% 16 - 2  17.5 15,3 9 . 8  9.0 
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Table [ I .  f i rs t  week q u a l i t y  of  s p r i n g  c a r ~ t s l o ~ i p e s  ( 3  p ick ing  d a t e s ,  mean o f  60 f r u i t ) ,  1978. 

-- 
LrrigaLlorx :rzeaLcrent - -- 2 1  ~erceni?-l-/ ~rrersl- zi OutsideL1 fleshz'  flesi?' ~il-vit?' ~ a v i t ) - ~ /  CIYLL;- 31 

P r a c t i c e  Frtequency (2ut1nt-i Ly suga r  npp-wnnce Nei t ing-  c o l o r  color  f i rmness  dryness  l e n e t h  width  

T r i c k l e  r o  i l cek ly  
end of 
hai-ves t 

T r i c k l e  t o  iieekly 
beginniny, 
of hztrvci: c  

Daily 
N 
i 
i" 
W 

Furrow Variab t c  

( cnr) ( cm) 

* Rat io  of seasonal. consumptive use o f  1.3.2 i:?i.!ics nicasurcci on Furrow i r r i g a t i o n  p l o t s ,  

11 Neasured by a  liandheld s u g a r  mfracton~etei . .  - 
2/ Visual. cva l i i a t i on ,  r a t e d  on a  i tilroti1:li 9 :;c:lir, wi th  9 the? i:yist d e s i r a b l e .  - 
3/ Neasured by a  handheld r u l e r .  - 
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Table  5 .  Second week q u a l i t y  oE s p r j n g  can t a loupes  ( 2  p i c k i n g  d a t e s ,  nean o f  110 f r u i t ) ,  1978. 

I r r i g a t i o n  Trea tment  -- 2 /  Percent2/ General- outsid&' ~ l e s i ? '  nest?' c a v i t g i  ~ a v i t ? '  ~ a v i  t p  3/  
P r a c t i c e  Frequency Quan t i t y  s u g a r  appearance N e t t i n g  c o l o r  c o l o r  f i r m e s s  d rynes s  l e n g t h  f r i d i h  

* 
T r i c k l e  t o  I.leelcly 1 .20  12.3  5 .7  5 . 9  6 .2  5 . 1  6 .5  5 . 1  8 .9  6.2 
end o f  0.97 12.5 5 .0  5 . 3  6 . 4 4.7 G , 2  5 . 1  8.4 6.0 
iinrves t 0.77 11.9 5 . 3  5  . 4 5 . 1  5 . 1  6 . 3  4 .6  8 .5  5.9 

Dai 1y 1 .20  11 .6  5 .0  5  . 4 6 - 1  4 .8  5 .9  4 . 8  8.7 6 . 1  
0 .97  11.4 4 . 6 5.  L 5 . 7  4.6 6.0 4.9 8 . 6  5 .9  
0.77 11 .7  5.4 5.4 6 .3  4 .8  6.2 4 . 9 8.2 5 .8  

T r l c k l c  t o  Ucekly 0 .98  11.8 5.1 5.7 6 - 3  4.9 6 .6  5 .2  8 . 5  6.0 
begJ nii Li;g 0.81 1 L .  .I 4 a 9 5  . 4 6 .  i 4 . 11 6. 4  f1.9 8.5 6.0 
o f  11arvesL 0.65 12 .7  5 .2  5 .6  6 .5  4 . 8 6 .  4 4.9 8 . 3  5 . 8  

Dai ly  
lu 

0.98 11.6 5 . 3  5 .7  6.2 5 . 1  6.2 5.0 8 .8  6.2 
I 0.81 11 .0  4 . 1  5 .4  6 .2  4 . 3  6 .3  5.2 8 .5  6 . 1  

I- 
f- 

0.65 1 1 . 1  4 .4  5 . 7  6.2 4 . 3 6.2 4.6 8 .5  5 .9  

Furroi.7 Va r i ab l e  1 .15  12 .0  5 .3  5 .7  6.2 5 . 5  6 .7  5 . 1  8.6 6.1 

* R a t i o  of  s e a s o n a l  consuinptive use  of  18.2 i n c h e s  measured on fur row i r r i g a t i o n  p l o t s .  

1/ Measured by a hand!lcld s u g a r  r e f r a c t o m c t e r .  - 
2/ Visua l  e v a l u a t i o n ,  r a t e d  on  a 1 through 9 s e . ~ l c ,  w i t h  9 t h e  q o s t  d e s i r a b l e .  - 
3/ Pieasured by a handheld r u l e r ,  - 
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Table  6 .  Summary o f  f a l l  c a n t a l o u p e  y i e l d s  (mean of 5 r e p l i c a t i o n s ) ,  1975,  

2  / X a r k e t a b l e  No, 05 frui 'cL1 T o t a l  no.  f r u i t -  
I r r i g a t i o n  Treatment  

c r a t e s  p e r  p e r  p l o t  p e r  p l o t  3  / Percent-  
P r a c t i c e  Frequency Q u a n t i t y  a c r e  36 and l a r g e r  h a r v e s  eed c u l l s  

it i'i 
b  

-9 -9. .L -2. 

T r i c k l e  t o  !Jeekly 1,05fi  216, Sb 24.a -5 & "  abcdJ'" 
b  59.  4bcd 

end o f  0-86 196 ,  Ocd 
24 Ocde 54.  Z C d  

h a r v e s t  0 . 7 1  96-0 9.8 4 9 - 4  

1 - 0 0  
a 

T r i c k l e  t o  Weekly 271 ,3  
b 36.6; 

b e g i n n i n g  0 , S l  2 1 3 - 4  26.  4de 
of h a r v e s t  0-68 9 3 ,  3Cd 9 . 0  

Fur row V a r i a b l e  1 . 1 8  253.0 3 2 , 7  63.2 2 9 - 0  

"Ra t io  o f  s e a s o n a l  consumptive u s e  o f  l 6 , l  i n c h e s  measured on fu r row i r r i g a t i o n  p l o t s .  

2Wdeans fol lowed by t h e  same l e t t e r  b e l o n g  t o  same p o p u l a t i o n  a t  t h e  5% l e v e l  o f  s i g n i f i c a n c e ,  

l/ Melons o f  s i z e  23,  2 7 ,  and 36 a r e  i n c l u d e d  ( T a b l e  7 ) -  - 
2 /  Melons o f  s i z e  2 3 ,  27, 36,  and 45 p l u s  c u l l s  a r e  i n c l u d e d  (Tab le  7 1 ,  - 
31 Number o f  c u l l e d  f r u i t  d i v i d e d  b y  t h e  t o t a l  number o f  f r u i t  p e r  p l o t  h a r v e s r e d ,  - 

e x p r e s s e d  as a p e r c e n t a g e .  
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Table 7. Grading o f  fall c a n t a l o u p e s  (mean of  5 r e p f i c a t i o n s ) ,  1978. 

Average n o ,  o f  melons n e r  a l o t  
I r r i g a t i o n  Treatment  

P r a c t i c e  Frequency Q u a n t i t y  
Green 

2 3 ' s  2 7 ' s  3 6 ' s  4 5 7 s  Culls f r u i t  

.L 

T r i c k l e  t o  Meekly l,05 
end of  0,86 
h a r v e s t  0,71 

Furrow V a r i a b l e  1,18 

J. 

R a t i o  o f  s e a s o n a l  c o n s u ~ n p t i v e  u s e  o f  1 6 - 1  i a c h e s  measured on furrow i r ~ i g a t i o n  p l o t s ,  
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e 8. First veek q u a l i t y  of f a l l .  car:tai.oupcs ( 2  p i c k i n g  da tes ,  mean of  40 f r u i t ) ,  1978.  
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Table  9 .  Second week q u a l i i y  of f a l l  c an ta loupes  ( 1  p i ck ing  d a t e ,  nean of 20 f r u i t ) ,  1978. 

-- -- 
Irrig~tatn T r e a t n e a t  2 1 ~ e r c e n t ~  General- OucsideZ/ F'lesh2' ~ l e s h ~ '  ~ a v i t ~ z '  ~ a v i t ~ /  Cavity- 3/  

Pr:~ckLce Frequency Quan i i t y  suga r  n p p a r n n c a  Nettin&/ Color c o l o r  f i rmness  dryness  l e n g t h  width 

-- 
(em) (cm) 

Subsurface  Wceicly l . 05*  11.0  5 . 1  5 . 5  5.2 4 . 5 5.6 3.9 8 .2  5.2 
Lr ickl  e 0.86 1!.3 5.5 5 - 7  3 -9 6.4 G. 2 11 . 1 8.2 5 . 3  

0 .71  1 2 . 4  4 . 8 5 . 1  4 . 6 5 . 8  5.7 3 .7  7.2 4 . 8  

Daily 1.05 3 0.3 4 . I' 5.5 5 .2  5.4 5 .3  3.0 8 .3  5 .2  
0.86 11.4 5 . 0  5 .3  5 . i  6 . 1  5.5 3.5 7.6 4 . 8  
0.71. 

N 
12 .1  5 .0  5 . 1  5 . 1  5.6 5 .1  3.8 7.4 5.0 

i 
P Subsurface  IJeekly 1.00 10.2 5 .9  5 . 3  6.2 5 .5  5.4 4 . 4 8.7 5 .8  
03 t r ick1  e 0 .81  11.4 6.3 6 . 4 6 .3  6 .7  6.0 4 . 1  8.2 5.5 

e a r l y  0.68 13 .0  4 . 7 5.0 5.0 5 .8  5.7 3.9 7.5 5.0 
cut -off  

Dai ly  1.00 10.11 4.7 5.3 5 .2  5.1 5 .2  3.7 8 .5  5 . 5  
0.  S1 11.5 4 .9  5 . 1  5 . 0  6.3 5.6 4.0 7.7 5.1 
0.68 11.1 4.9 5 .2  5 .2  5 . 3  5.2 3.3 7 .3  4 .8  

Furrow S a r i a b l e  1 .18 11.8  5 .8  6 . 1  6.0 6.0 6.1 4.7 8.4 5 .7  

:k Rat io  o f  s easona l  consur;iptive u s e  01 16.1. i nches  r1wasi1red on furrow i r r i g a t i o n  p l o t s .  

1/ ?fensured by a handheld suga r  r e f r a c t o m e t e r .  - 
2 /  V i s u a l  e v a l u a t i o n ,  r a t e d  on a 1 through 9 s c a l e ,  w i th  9 t h c  most d e s i r a b l e .  - 
3/ Measured by a handheld r u l e r .  - 
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APPLi ED 
MEWSURED 

F i g u r e  1. 

APPLIED ACCORDlNG TO CONSUMPTfVE USE, 1959-62 ond 77 
19.4 fn. 

Appl ied  and measured consumptive-use c u r v e s  f o r  s p r i n g  

c a n t a l o u p e s ,  1978.  
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Figure 3 .  An accumulated percentage of total merketable melons by harvest date for sgring 

cantaloupes, 1978. 
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Flgure 4 ,  Applied ~ n d  measured consumptive-~ise curves for fa11 

cantaloupes, 1978. 
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Figure 5. An accumulated percentage of total marketable crarcs per acre 

* b y  harvest date for fall cac t a loupes ,  1978, 

Annual Report of the U.S. Water Conservation Laboratory



Figure 6. Arl accumularive p e r e n r a g e  of tot21 marketable melons and number of ~ c i o n s  

per p l a t  by harvest date for fall cantaloupes, 1978. 
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SURFACE 

ion system reduces fa labor requirements 

ter T ~ S U ~ ~ S  in water 

to a river systen such 3 

of an effort ~a rigation effi- 

a& Irrigation an 

return flow to t 

obj eetives 

schemes f o r  a 

sys terns, 

5, to aenonstrate  firs^ a lift- 

then a concrete 

t-gates, Each system is paeu- 

lock-controller at a central location which 

according to reset t-ines, For f 

ther introduction, see 19 75 al Report-,, 

At  Che request of Service, we des i 

and installed t irrigation system as 

e an-farm irrigation 2mprovemeat prog 

the Soil Conservation Service in the Wellton-Mo rrigation and 

Urahage D i s  t r i e  e system is on the Ran Mc 

farm near Ve1lton, zona, Twenty-f ive lif %-gates were nutornate 

Annual Report of the U.S. Water Conservation Laboratory



which s e r v i c e  

w a s  i n s t a l l e d  

23 f i e l d s  averaging  about  

i n  May 1977, and h a s  been 

2 - 6  a c r e s  each. The system 

used t o  i r r i g a t e  through two 

i r r i g a t i o n  seasons .  

RESULTS AND DISCUSSION: 

The system was used Eor n e a r l y  a l l  i r r i g a t i o n s  dur ing  1978, b u t  

t h r e e  t imes g a t e  a c t u a t i o n  problems were r epo r t ed ,  I n  a l l  cases  t h e  

problem was t raced  t o  improper func t ion ing  of solenoid-operated,  3-way 

normally open va lves  a s s o c i a t e d  w i t h  s a f e t y  overf low and excess  wa te r  

d i s p o s a l  f u n c t i o n s *  The problem has  been r e p o r t e d  t o  t h e  manufacturer .  

Genera l ly ,  some f o r e i g n  m a t e r i a l s  have been found i n  t h e  va lves  b u t  

t h e  sou rce  of t h e  m a t e r i a l  is  unknown, The va lves  w i l l  b e  r ep l aced  

dur ing  1979, 

Upon burning bemuda  g r a s s  a long  t h e  cana l ,  p l a s t i c  t ub ing  housed 

i n s i d e  a p l a s t i c  m e t e r  box was melted and had t o  be r ep laced ,  The 

p l a s t i c  tub ing  should  be  i n s u l a t e d ,  

1978 completed n e a r l y  f o u r  y e a r s q  ope ra t ion  of t h i s  automated 

equipment and most a f  t h e  components--many never  used i n  t h i s  environ-  

ment previously--have func t ioned  extremely w e l l ,  The a i r  c y l i n d e r s  

s t i l l  bypass  h a r d l y  any a i r  and t h e  pneumatically-operated 4-way 

va lves  a t t a c h e d  t o  t h e  g a t e s ,  cont inue  t o  f u n c t i o n  s a t i s f a c t o r i l y ,  

The system w i l l  cont inue  t o  be used dur ing  1979. 

Naquin Automation--Portx and Lif t -Gates  

The automated p o r t  system on t h e  Naquin farm was used about  1 5  

t imes du r ing  1978. A 1 1  b a s i n s  were i n  a l f a l f a .  Changes o r  a d d i t i o n s  

made t o  t h e  system dur ing  1978 inc luded  a d d i t i o n  of  qu ick  exhaus t  

va lves  n e a r  t h e  p o r t s  oE b a s i n s  1 through 4 ,  i s o l a t i o n  of  t h e  over- 

f low s i g n a l s ,  and r edes ign  of t h e  p o r t  c lo su res  t o  a l l  b a s i n s  excep t  

b a s i n  3. 

In  t h e  o r i g i n a l  des ign  of t h e  p o r t  system, a i r  was vented  a t  t h e  

c o n t r o l  c e n t e r ,  a d i s t a n c e  of as much as 1900 f e e t ,  f o r  p o r t s  t o  - " 

b a s i n s  I and 2. P o r t  c l o s u r e  ( p r e s s u r i z a t i o n )  under t h i s  c o n d i t i o n  

was much quicker  t han  p o r t  opening (depressurization/vent). The de l ay  
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between c losure  and opening caused an undesi rable  overflow ac tua t ion  

when making a nornial switch from bas ins  1 t o  2 o r  3 t o  4. I n  an 

e f f o r t  t o  delay p o r t  closure,  an a i r - t h r o t t l i n g  valve was i n s t a l l e d  

i n  the  air supply going t o  the upper four bas ins ,  Although t h i s  was 

a n  improvement, it  d id  not  e l iminate  t h e  problem. I then i n s t a l l e d  

quick exlnaust va lves  i n  each a i r  supply tube near  each s e t  of s i x  

bellows f o r  bas ins  rough 4.  The valves  were loca ted  i n  water  

meter boxes along t h e  canal*  Quick exhaust valves funct ion a s  s h u t t l e  

valves when a i r  i s  suppl ied  t o  t h e  i n l e t ,  b u t  exhaust t o  t h e  atmos- 

phere when t h e  i n l e t  r e ssure  drops s l i g h t l y .  Hence, when t h e  exhaust 

va lve  senses a decrease i n  pressure  (bas in  switch s ignaled a t  controS 

center)  t h e  air i n  the  ellows Is immediately exhausted a t  t h e  q u i c k .  

e i h a u s t  va lve  r a t h e r  than a t  t h e  c o n t r o l  center ,  This change proved 

t o  b e  s a t i s f a c t o r y ,  

A t  l e a s t  one overflow sensing u n i t  is  loca ted  on ea 

upstream from s check a t e  o r  the end of a canal.  The overflow.tum- 

ou t s  (por t s  o r  gates)  t h a t  a r e  used with a p a r t i c u l a r  overflow sensor 

should be those  comon t o  t h a t  reach of canal* I n  t h e  o r i g i n a l  design 

of the  Naquin system, however, overflow sensed by any one of th ree  

overfl~ow sensors could operate a l l  ga tes  o r  p o r t s  a s  overflow turn- 

ou t s ,  i f  so  designace by the  i r r i g a t o r ,  This proved t o  be unsatis-  

f ac to ry  when switching from lower-lying bas ins  t o  upper bas ins  s ince  

time delays were s i g n i f i c a n t  and p o r t  opening w a s  slow. The problem 

v a s  a l l e v i a t e d  by i s o l a t i n g  t h e  overflow sensing devices s o  t h a t ;  

Overflow COP) Basin p o r t s  o r  ga tes  ac tuated  
OP-1, Upstream. from cheek g a t e  Basins 1 and 2, Check 

(CG-2) adjacent  t o  bas ins  g a t e  1 
1 and 2 

OP-2, Upstrean from CG-2 adjacent  Basins 3 and 4, CG-2 
t o  bas ins  3 and 4 

OF-3, Upstream from CG-3 adjacent  Basins 5, 6 ,  7, o r  8, and 
t o  bas ins  5 and 6 CG-3 

Debris c o l l e c t i n g  on the  p o r t  c losures  continued t o  be a problem 

during 1978. One c losure  was modified i n  1976 by e l iminat ing one of 
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t h e  suppor t  l e g s ,  t u rn ing  t h e  s t r u c t u r e  45" ,  and hanging t h e  c l o s u r e  

p l a t e  from t h e  upper l e g .  Very l i t t l e  d e b r i s  c o l l e c t e d  on t h i s  

n s d i f i e d  c l o s u r e  dur ing  1977 and 1978. New s t r u c t u r e s  f o r  a l l  p o r t s  

excep t  t hose  l e a d i n g  t o  b a s i n  3 were designed and b u i l t  dur ing  the  

f a l l  of 1978, and a r e  t o  be  i n s t a l l e d  i n  e a r l y  1979- The des ign  was 

e s s e n t i a l l y  t h e  same a s  t h e  one c l o s u r e  modiEied i n  1976, excep t  t h e  

suppor t  l e g s  were f a r t h e r  away from t h e  p o r t  r i n g  than  t h e  o r i g i n a l s  

and t h e  p l a t e s  were l a r g e r .  The i r  func t ion  w i l l  b e  eva lua t ed  and com- 

pared  t o  t h e  o r i g i n a l s  s t i l l  be ing  used f o r  b a s i n  3. 

f3xass couplings used f o r  connectring polye thylene  tubing under- 

ground were examined when t h e  quick  exhaust  va lves  were i n s t a l l e d  and 

were i n  e x c e l l e n t  cond i t i ons ,  

The Naquin system will b e  used and e v a l u a t i o n  cont inued dur ing  

1979. 

McDonnell-b1cElhaney Automation 

The system on t h e  13cDonnell-PfcElhaney farm has  been used t o  irri- 

g a t e  through txo i r r i g a t i o n  seasons  wit.h very  li t t l e  problem, A f t e r  

fne f i r s t  two i r r i g a t i o n s  i n  1977, t h e  system h a s  been used s o l e l y  by 

t h e  fa rmers ,  A f e w  i tems  have been eva lua ted  o r  modified d u r i n g  1978, 

The p a r t i c u l a r  g a t e s  t o  h e  opened When a n  overf low i s  sensed  a r e  

s e l e c t e d  by t h e  i r r i g a t o r  by tu rn ing  "on" a toggle-operated pneumatic 

v a l v e  a t t a c h e d  t o  t h e  4-way va lve  a t  t h e  g a t e  (Valve 3 i n  F i g u r e  A ) ,  

We have found t h a t  Valve 2 remains i n  a p a r t i a l l y  s h i f t e d  posi l l ion 

when a i r  s i g n a l s  a r e  r ece ived  a t  both p a r t s  (N/0 and N/c)--signal from 

b o t h  t h e  t i a e r  and overflow t o  open t h e  ga t e ,  I f  Valve 2 were 

r ep l aced  w i t h  a s h u t t l e  va lve  ( con f igu ra t ion  shorn i n  F i g u r e  ID) t h e  

problern would l i k e l y  b e  e l imina ted ,  Such a replacement w i l l  b e  made 

dur ing  1979. 

Operat ion of t h e  excess  water  d i s p o s a l  func t ion  is  dependent upon 

a solenoid-operated a i r  va lve ,  The va lve ,  t h e  s a m e  as used oh t h e  

I?oodhouse system, occas iona l ly  leaked and was r ep l aced  by a n o t h e r  

va lve  from a d i f f e r e n t  manufacturer--the same va lve  used on Naquin 

system f o r  2 y e a r s  w i thou t  p r o b l e m .  

Annual Report of the U.S. Water Conservation Laboratory



Material t h a t  accumulated on t h e  rod s u r f a c e  of t h e  a i r  c y l i n d e r s  

h a s  been removed 3 o r  4 t imes by brushing  over  t h e  2-year pe r iod ,  

Normally t h e  rods  would b e  wiped c l ean ,  b u t  i n f r equen t  ope ra t ion  and 

rod exposure b e t ~ e e n  i r r i g a t i o n s  had l e a d  t o  t he  accumulation. It 

i s  e a s i l y  removed b u t  needs t o  be prevented i f  p o s s i b l e ,  Canvas 

s l e e v e s  are t o  b e  t r i e d  a s  a p r o t e c t i v e  s h i e l d  t o  t h e  rods..  

The t ime r e q u i r e d  f o r  an a i r  p i l o t e d  v a l v e  t o  o p e r a t e  depends on 

tub ing  s i z e  and l e n g t h ,  t h e  ope ra t ing  p re s su re ,  and p i l o t  a c t i v a t i o n  

p re s su re .  Of prime importance, when au toma t i ca l ly  swi tch ing  g a t e s  

dur ing  an  ope ra t ion ,  is t h a t  a g a t e  opens a t  t h e  same t i m e  o r  b e f o r e  

ano the r  g a t e  c l o s e s .  I n  las t  y e a r s v  Annual Report  we r e p o r t e d  a 

laboratory-developed r e l a t i o n  between d i s t a n c e  t o  g a t e  (valve)  and 

t ime of a c t u a t i o n *  In Figure  2 we show t h e  a c t u a l  s i  

McDonnell-McElhaney system, The d i f f e r e n c e  i n  opening t ime t o  c l o s u r e  

t i m e  f o r  g a t e s  l o c a t e  a t  about  t h e  same d i s t a n c e  from t h e  c o n t r o l  

c e n t e r  i s  as much as I minute,  35 seconds a t  about  2200 f t .  ( l a s t  

g a t e ) ,  

With t h e  except ion  of t h e  t h r e e  normally open g a t e s  used f o r  

emergency water tu rnou t  I n  c a s e  of a i r  l o s s  t o  t h e  system, a l l  g a t e s  

are c losed  between i r r i g a t i o n s ,  In some i n s t a n c e s  t h i s  does no  

t h e  c a n a l  t o  d r a i n  between i r r i g a t i o n s  and may cause r u s t i n g  of t h e  

g a t e s ,  A s h o r t  h e l i c a l  s p r i n g  was designed t h a t  could be  loaded i n t o  

g a t e  c y l i n d e r s  t o  main ta in  a normally open g a t e  (open only  l / 2  t o  3 / 4 -  

i nch )  f o r  d ra inage  purposes.  The s p r i n g  c h a r a c t e r i s t i c s  w e r e :  

Spr ing  f o r c e  a t  0.75-inch displacement is about 600 pounds; 
f r e e l e n g t h  2-50 inch;  c o i l s ,  4-1/2; w i r e  diameter ,  0.225 inch;  
i n s i d e  diameter ,  1-1/32 inch;  m a t e r i a l  17-7 s t a i n l e s s  steel. 

The automated system was f e a t u r e d  a t  a Un ive r s i t y  of Arizona 

Extension Service-sponsored f i e l d  day on 26 January 1978, The f i e l d  

day was a t t ended  by more than  70 growers an.d a g r i b u s i n e s s  l e a d e r s ,  

I n  a d d i t i o n ,  an  a r t i c l e  e n t i t l e d  "Flood I r r i g a t i o n  Without FussD'  was 

publ i shed  i n  -- The Furrow magazine, A p r i l  1978, Vol. 83, I s s u e  4,  

f e a t u r i n g  t h e  automated i r r i g a t i o n  system on t h e  McDonnell-McElhaney 
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farm. The farmers have demonstrated the  system t o  many ind iv idua l s  

and groups o the r  than organized demonstrations. 

Hoffman Automation - 

P designed two sore automated systems during 3.978 t h a t  a r e  p a r t  

of the  SCS i r r i g a t i o n  improvement program i n  t h e  Wellton-Mohawk P r r i -  

ga t ion  and Drainage D i s t r i c t .  The f i e l d s  t o  be automated, both f a m e d  

by Joe Hoffman, a r e  located  about 20 m i l e s  a p a r t .  The f i r s t  f i e l d  . 

(110 ac res )  is d iv ide  i n t o  8 bas ins ,  4 on each s i d e  of the  nea r ly  

3000-ft concrete l i n e d  canal .  The second f i e l d  fea tu res  1 2  bas ins  on 

near ly  80 ac res .  Length of t h e  cana l  i n  t h e  second f i e l d  is  j u s t  over 

2000 E t .  Both systems use Lift-gates (jack-gates) a s  s i n g l e  i n l e t s  

t o  t h e  ind iv idua l  bas ins .  

The two primary d i f fe rences  between these  systems and any done 

previously a r e  ( I )  t e e l e c t r i c a l  wi re  and a i r  tubing is d i r e c t l y  

embedded i n  the  concrete canal Lining ( fo r  gopher p ro tec t ion)  during 

t h e  s l i p f o m i n g  opera t ion,  a.nd 2) a por tab le  con t ro l  cen te r  2s-  used 

t h a t  i s  independent o f  110 VAC power. 

Embedding of the w i r e  and tubing (5/1Q-inch 0-D, polyethylene) 

was poss ib le  s i n c e  e canal  l i n i n g  contrac tor  operat ing i n  the  

Wellton-Mohawk D i s t r i c t ,  lilr, Fred Crabtree,  was w i l l i n g  t o  have h i s  

s l ipform modified t o  aL1o.w f o r  proper w i r e  and tubing placement. 

Modificat ion hcluded attachment of a rack t o  t h e  s l i p f o m  f o r  carry- 

ing  spools of w i r e  a d  tubing, and c u t t i n g  two holes  in t h e  chute t o  

provide en t ry  of gut  es used f o r  placement oE t h e  w i r e  and tubing i n  

t h e  des i red  posi t ion .  Wires and tubes were located  on both s i d e s  of 

the  l i n e r  along t h e  ou t s ide  l i p  of "ce canal ,  This l o c a t i o n  provided 

access t o  the  tubes and w i r e s  where gates  w e r e  go be loca ted-  The 

f i r s t  cana l  was l i n e  5x1. December 1978, and required about 6 ho&s t o  

complete. The wi re  and tubing placement caused l i t t l e  delay i n  t h e  

canal  l i n i n g  opera t ion-  The embedding opera t ion was success fu l ,  b u t  

t h e  ac t ion  of the cctncrete on t h e  "cbing and w i r e  over a per iod of 

time is  un.linown. The second canal  w i l l  be l i n e d  i n  February 1979.. 
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P o r t a b l e  c o n t r o l  c e n t e r s  ( t r a i l e r s )  have been p rev ious ly  used a t  

o t h e r  l o c a t i o n s ,  b u t  110 VAC power was always a v a i l a b l e .  E l e c t r i c a l  

power t o  t h e s e  E i e l d s  would b e  q u i t e  c o s t l y ,  hence we decided t o  try 

a c o n t r o l  c e n t e r  independent of AC power. Gate a c t u a t i o n  r e q u i r e s  

p r e s s u r i z e d  a i r  a t  about  SO p s i ,  B o t t l e d  a i r  o r  n i t r o g e n  s u p p l i e d  a t  

2200 p s i  (240 £ t 3  a t  atmospheric  p r e s s u r e )  w i l l  be  t r i e d .  S e v e r a l  

a i r  b o t t l e s  w i l l  b e  c a r r i e d  on t h e  trailer,  Pre l iminary  c a l c u l a t i o n s  

and tests i n  t h e  l a b o r a t o r y  i n d i c a t e  t h a t  t h r e e  i r r i g a t i o n s  may b e  

a t t a i n a b l e  w i t h  one b o t t l e  provid ing  t h e  s y s  t e m  i s  r e l a t i v e l y  a i r  

t i g h t .  To reduce  t h e  air r equ i r ed ,  24 VDC so l eno id -ope raed  ( r a t h e r  

t han  a i r - p i l o t e d )  4-way va lves  w i l l  b e  used t o  d i v e r t  air f o r  open- 

i ng /c los ing  of t h e  g a t e s ,  s i n c e  b a t t e r y  power i s  e a s i e r  t o  ma in t a in  . 

t han  a n  a i r  sup l y .  The cont roLler  t o  be  used w i l l  b e  provided by 

Aquari~atic. Timing is  d i g i t a l  (minutes o r  'hours-tenths hour ) .  l'he 

c o n t r o l l e r  i s  normally powere by 110 VAC b u t  w i l l  b e  modif ied f o r  

1 2  VDC o p e r a t i o n ,  

Other  system f e a t u r e s  inc lude :  

(1) A i r  c y l i n d e r s  

(a) 'C i f axhm g a t e  opening, 18 inches  
(b) Cylinder  o re ,  3-l/2 inches  (not  s p r i n g  loaded)  
( c )  Cyl inders  mounted so t h a t  rods  r e t r a c t e d  between 

i r r i g a t i o n s  f o r  p r o t e c t i o n  a g a i n s t  weathering 

(2) S t r u c t u r a l  tub ing  was used t o  t r a n s f e r  t he  w i r e  and tubing  

a c r o s s  e r o s i o n  c o n t r o l  s t r u c t u r e s .  They were embedded i n  t h e  conc re t e  

and t h e  tub ing  and wi re  were threaded through when t h e  g a t e s  were 

i n s t a l l e d .  L ids ,  about  18 inches  long ,  were f a b r i c a t e d  on t h e  tub ing ,  

t o  a l low acces s  t o  t h e  4-way va lve  and 3 togg le  swi tches  housed 

i n s i d e  t h e  tub ing ,  

( 3 )  S e l e c t o r  swi tches  ( t h r e e )  w i l l  b e  l o c a t e d  a t  each g a t e  t o  

a l low i r r i g a t o r  s e l e c t i o n  of overf low ga te s ,  and i r r i g a t o r  a c t u a t i o n  

of t h e  g a t e  w i thou t  r e t u r n i n g  t o  t h e  c o n t r o l  center--open g a t e  i f  i n  

c losed  p o s i t i o n  or c l o s e  g a t e  i f  i n  open p o s i t i o n .  

I n s t a l l a t i o n  of t h e  systems w i l l  be  completed du r ing  t h e  s p r i n g  

of 1979 and both w i l l  be  used t o  i r r i g a t e  c o t t o n  t h e  f i r s t  y e a r ,  The 
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p o r t a b i l i t y  of t h e  con t ro l  center  w i l l  be severe ly  t e s t e d  s i n c e  the  

d i s t ance  separa t ing  t h e  f i e l d s  i s  about 20 m i l e s ,  

SmQmY AND CONCLUSIONS : 

Two f i e l d s  were automated i n  1975 i n  che Wellton-Hohawlc Irri- 

gat ion and Drainage D i s t r i c t  t o  demonstrate (on-farm) the  use of 

p resen t ly  a v a i l a b l e  automated schemes f o r  con t ro l l ing  i r r i g a t i o n  water 

t o  l e v e l  bas ins  and t o  design, develop, and demonstrate improved 

systems. One 65-acre f i e l d  on t h e  Bob Woodhouse farm uses l i f t - g a t e s  

t o  c o n t r o l  t h e  water ,  whi le  on a 70-acre f i e l d  on t h e  J i m  Haquin farm, 

concrete por t  o u t l e t s  i n  combination with Si f t -gates  a r e  used. Each 

system is pneumaticalLy actuated  by a c l o c l ~ / c o n t r o l l e r  a t  a c e n t r a l  

l o c a t i o n  which s i g n a l s  i r z i g a i ~ i o n  f i e l d  changes according t o  p r e s e t  

times. The systems were each used about 15 times during 1978 f o r  a 

t o t a l ,  s i n c e  i n s t a l l e d ,  o f  about 100 i r r i g a t i o n  events,  This type of 

experience and use of the systems has been invaluable i n  development 

o f h p r o v e d  systems, Host of t h e  i r r i g a t i o n s  have been completed by 

t h e  f a m e r l i r r i g a i l o r ,  

Gate ac tua t ion  problems occurred during t h r e e  i r r i g a r i o n s  2n 

1978 on t h e  l?oodhouse system, I n  al l .  cases the  problem was t raced t o  

improper functioning of solenoid-opera te6  3-way normally open valves 

associa ted  wi th  s a f e t y  over.Elow arid excess water d isposal  funct ions .  

This,  however, was the only component problem encountered and w i l l  be  

correc ted  during 1 

Changes o r  addi t ions  t o  t h e  Naquin system during 1978 included 

add i t ion  of quick exhaust valves near bas ins  1 through 4 t o  shor ten  

t h e  time of por t  opening; i s o l a t i o n  of overflow s i g n a l s  s o  t h a t  an 

overflow sensor operated ga tes  o r  por t s  common t o  t h a t  p a r t i c u l a r  
f 

overflow; and p o r t  c losures  were redesigned and b u i l t  i n  an e f f o r t  t o  

minimize debr i s  c o l l e c t i o n ,  The c losures  w i l l  be  t e s t e d  during 1979, 

The o r i g i n a l  c losures  t o  bas in  3 w i l l  be used f o r  comparison purposes. 

Two techn ica l  papers descr ib ing t h e  Woodhous e and Naqu5.n systems 

were,published i n  the  Transactions of the  American Society of . 
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Agr icu l tu ra l  Engineers, The papers a r e  e n t i t l e d  "AuComation of On-Farm 

I r r i g a t i o n  Turnouts t i l t z i n g  ~ a e k - ~ a t e s "  and ""Aut 

I r r i g a t i o n  Conveyance Systems U t i l i z i n g  T i l e  Outle 

I n  May 1977, he first cost-shared xutornaCed i r r j g a t i o n  sys tern 

was i n s t a l l e d  a s  a r t  of the Soil Conservation Service 's  on-farm irri- 

ga t ion  improverue program i n  t h e  Wellton-Hohawk I r r i g a t i o n  and Drain- 

age District.  The s y s r m ,  f ea t  g pnelrmatically s i g n a l l e d  and 

ac tuated  l i f  t -gates,  een used through two i r r i g a t i o n  seasons 

s o l e l y  by McDonneL and McEYnaney , the  owner-operators , e valve  

arrangement use t o  select which ga tes  should ac tua te  when a n  overflow 

is sensed f a i l s  t o  f properly when a i r  signa s a r e  received 

from both  t h e  overflow, The problem w i l l  be a l e v i a t e d  dur- 

i n g  1979 wi th  se of a different valve. Canvas s l eeves  are to be  

placed over the e er rods i n  rzn e f f o r t  t o  elimina-te material 

accumulation. 

eatured a t  a TI 

nsored field day on 26 J 

groTwers and ess leaders .  I n  

lood Irrigattersn Withcauf: Puss" was pub- 

magazine, Apr i l  1 9 7  Vol, 83, I s sue  4, and 

fea tu red  t h e  automated irrigation system on t 

farm. The farmers eznons k r a l ed  the sys ten Lo many ind iv idua l s  

and groups o the r  than or.gani.zod demonstrations, 

Two more automatecl systems w e r e  designed nrirzg 1.978 1; 

p a r t  of t h e  SCS i r r i g a t i o n  improvement prcgram i n  t h e  WelZton-PfohaMk 

I r r i g a t i o n  an rainage D i s t r i c t .  The f i e l d s  t o  be automated, both  

farmed by Joe  Hoffman, are located about 20 m i l e s  art, The f i rs t  

f i e l d  (110 acres)  is  d i v i  ed i n t o  8 bas ins ,  4 on each s i d e  03 thk 

nea r ly  3000-ft concrete-lined canal .  The second f i e l d  f e a t u r e s  3.2 

bas ins  on near ly  ac res ,  Length of t h e  canal  2x-i t h e  second f i e l d  

is  j u s t  over 2 00 f t ,  Both. systems use l i f t - g a t e s  j ack-gates) a s  

s i n g l e  i n l e t s  t o  zhe individual  bas ins .  
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The two primary d i f f e r e n c e s  between these  s y s t e m  and any done 

p rev ious ly  were (1) t h e  e l e c t r i c a l  w i r e  and a ir  tub ing  is  d i r e c t l y  

embedded i n  t h e  conc re t e  c a n a l  l i n i n g  {Eor gopher p r o t e c t i o n )  dur ing  

t h e  s l i p fo rming  ope ra t ion ,  and (2)  a p o r t a b l e  c o n t r o l  c e n t e r  i s  used 

t h a t  i s  independent of 110 VAC power. C o n t r o l l e r  and soLenoid ope ra t ion  

w i l l  be  12  and 24 VDC powered, r e s p e c t i v e l y .  A i r  used f o r  g a t e  a c t u a t i o n  

w i l l  be  supp l i ed  from a i r  b o t t l e s  a t  2200 p s i  (240 f t '  a t  atinospE~eric - 

Embedding of t h e  a i r  l i n e s  and e l e c t r i c a l  w i r e s  was 

s u c c e s s f u l l y  completed f o r  t h e  3000-ft cana l  i n  December 1978, The 

placement of t h e  w i r e  and tubing  caused very l i t t l e  de lay  i n  t h e  l i n i n g  

ope ra t ion .  ?The second cana l  w i l l  b e  completed i n  February 1979. 

PERSONNEL: Leonard J, E r i e  and Al l en  R e  Dedrick 
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diver ter valve, 
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TITLE: TINE U T E  MOVEMEKT OF TJ.VfER FOR DEAD LEVEL TRRlGlZTION 

NRP : 20740 CRIS WORK UNIT: 5520-20740-003 

CODE NO.:  USWCL 74-3 

INTRODUCTION: 

More e f  f i c i e n t  i r r i g a t i o n  w i t h i n  the  Wellton-Mohawk I r r i g a t i o n  

and Drainage D i s t r i c t  p o t e n t i a l l y  can reduce t h e  dra inage  requirement  

and a s s o c i a t e d  q u a n t i t y  of s a l t  r e tu rned  t o  t h e  lower Colorado River  

system n e a r  Yuma, Arizona. The i r r i g a t i o n  a p p l i c a t i o n  e f f i c i e n c y  i n  

many cases  can b e  improved by changing t h e  farm i r r i g a t i o n  system, A 

method r e f e r r e d  t o  as Level-basin i r r i g a t i o n  can be  h i g h l y  eEEic ien t  

and r e p r e s e n t s  one such change. 

For f u r t h e r  i n t r o d u c t i o n ,  s e e  1975 Annual Report ,  

ORJECTIVES: 

(1) To determine t h e  e f f e c t s  on time-rate-of-advance f o r  

leve l -bas in  i r r i g a t i o n  systems t h a t a r e  caused by: 

(a) F i e l d  con f igu ra t ion  

(b) Stream s i z e  o r  a p p l i c a t i o n  r a t e  

(c )  Number and locat- inn of o u t l e t  s t r u c t u r e s  

( 2 )  To pub l i sh  a p r a c t i c a l  p u b l i c a t i o n  expl.a:ining des ign  p r in -  

c i p l e s  and water  management c r i t e r i a ,  i nc lud ing  consicler- 

a t i o n  of cu l tura l .  changes f o r  implementing l eve l -bas in  

i r r i g a t i o n .  

PROCEDURE : 

Seve ra l  t ine-rate-of-advance s t u d i e s  a s s o c i a t e d  w i t h  t h e  f i r s t  

o b j e c t i v e  were planned and have been completed. Design p r i n c i p l e s ,  

water  management c r i t e r i a ,  land p repa ra t ion ,  c u l t u r a l  changes, and 

o t h e r  a s p e c t s  f o r  using Level. bas ins  have been o r  a r e  t o  be  pub]-ished. 
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RESULTS AND DISCUSSLON: 

A manuscript  e n t i t l e d  " ~ e v e l - b a s i n  i r r i g a t i o n :  A methocl f o r  con- 

s e r v i n g  water and labor"  was prepared and submit ted t o  t h e  USDA 

InEormation Div i s ion  f o r  pubXication a s  a Farmers B u l l e t i n ,  --- Also a  

paper  e n t i t l e d  "On-f arm Level-basin i r r i g a t i o n  - Save water  and 

energy" was publ i shed  i.n t h e  C i v i l  Engineering magazine, In i t  we 

desc r ibed  t h e  r o l e  of t e c h n o l o g i c a l  i n p u t s  l i k e  l a s e r  c o n t r o l l e d  land  

l e v e l i n g ,  i r r i g a t i o n  tu rnou t s ,  mechanizat ion,  and improved water 

measurement techniques  ~711en used i n  conjunct ion  wi th  l e v e l  b a s i n s ,  

The concept of l eve l -bas in  i r r i g a t i o n  has  been in t roduced  t o  

many p o t e n t i a l  h e r s  dur ing  1978, This  has  been done by pa r t i c ipa t r ing  

i n  worlcshops; farmer meetings; f i e l d  days; t o u r s  and d i scuss ions  w i t h  

farmers  from Utah, Nevada, and C a l i f o r n i a ;  p r i v a t e  consu l t an t s ;  and 

through p r e s e n t a t i o n s  t o  u n i v e r s i t y  c l a s s e s ,  

s m m v  : 
The u t i l i t y  of  l e v e l  b a s i n s  a s  a  low energy, h igh  e f f i c i e n c y  and 

l a b o r  s av ing  i r r i g a t i o n  technique  has cont inued t o  b e  emphasized t o  

p o t e n t i a l  u s e r s  i n  Arizona, C a l i f o r n i a ,  Colorado, Nevada, New Mexico, 

and Utah. Some usage is  expected t o  start i n  most oE t h e s e  s t a t e s  

during 1979. 

PERSONNEL: 2, 3 .  E r i e  and A, I<, Dedrick 
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TITLE: CLOGGING POTENTIAL OF COLOUDO R I V E R  I N  TRICKLE IRRIGATION 

SYSTEMS RND DEVEIAOPMENT OF METHODS FOR PREVENTING PLUGGING 

NRP : 20740 CRTS WORK UNIT: 5510-20740-003 

CODE : USWCL 75-2 

INTRODUCTION : 

P a r t  of t h e  o r i g i l l a l  o u t l i n e  was modified ilo i nc lude  work being  

conducted under Ar iz  . -1ziC7, 71-11, "Chemical t rea tment  of i r r i g a t i o n  

wa te r  f o r  the  p reven t ion  of c logging and t h e  removal of  flow ohs t ruc-  

t i o n s  rin t r i c k l e  i r r i g a t i o n  systems." A formal  Annual Report covering 

t h e  a c t i v i t i e s  a t  Tacna, Arizona 6or 1978, has  been g iven  ~o  t h e  S o i l  

Conservat ion Se rv i ce  and Bureau of Xcc la r~a t ion ,  t h e  o r i g i n a l  funding  

agency. We were a b l e  t o  extend the  s tudy  pcr iod  f o r  a i o u r t h  y e a r  so  

a d d i t i o n a l  information on c logging  and ope ra t ion  an  maintenance 

p r a c t i c e s  could b e  obtained.,  9he r e s U l t s  w i l l  b e  surrimarized -iln a l a t c r  

s e c t i o n .  

Another a s p e c t c o f  gre<Lr inpor tance  r e l a t e d  t o  clogging i s  t h a t  

dea l ing  w i t h  u n i f o m i t y  of water  a~:pl_ilcation., Port-ions of t h i s  were 

d i scussed  i n  the  1'3 77 k-anuai Zeporii. (AT-Lz. -biCL 73.-23.') * Besides uni- 

formi ty  o r  non-unif ormitrj. o f  rrni-cr c i i s  c r ~ b u t i o n ,  f e r t i l i z e r ,  herbi-  

c i d e  and o t h e r  m;atreri;J s aclcled w5ch The tr ic1cl.e system a ~ u s ~  be con- 

s ide red  when a p p l i c a t i o n  urr i formky is  considered-  

PROCEDURE: 

A simul.arion model was dcvc?_oped f o r  e s  rimatring c o e i f  i c i e n t  of  

v a r i a t i o n  when a c e r t a i n  f r a c t i o n  of t h e  e m i t t e r s  i n  t h e  t r i c k l e  system 

become clogged, I n  t h i s  approach, a  s t a t i s t i c a l .  e m i t t e r  popu la t ion  

i s  f i r s t  e s t a b l i s h e d  f o r  an orc:hard a r e a  wi th  a s p e c i f i e d  number of 

t r e e s  i n  the  u n i t  a r e a ,  The system can inc lude  from one t o  10 o r  more 
I 

e m i t t e r s  per  p l a n t .  I n  t h e  computat ional  procedure, enough e m i t t e r s  

are s e l e c t e d  randomly from a t h e o r e t i c a l  s t a t i s t i c a l .  popu la t ion  w i t h  

a def ined  e m i t t e r  flow r a t e  and s t anda rd  devLation Lhat w i l l  make up 

t h e  t r i c k l e  system, This  procedure would be l i k e  p ick ing  e m i t t e r s  

from a  group of eairirters supp l i ed  by t h e  manufacturers  t o  t h e  farm 

"bperator f o r  i n s  t a l l  ailion i r t o  the  i r r i f ; a t i o n  s y s  tent, The average  
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f low r a t e  and s tandarcl d e v i a t i o n  ( o r  coeEf i c i e n t  of v a r i a t i o n )  would 

b e  t h e  v a l u e s  provided by t h e  manufacturer ,  

Once t h e  s imula ted  e m i t t e r  popu la t ion  i s  e s t a b l i s h e d  wi th  t h e  

normal range  of E1.o~ r a t e s  and f r equenc ie s ,  e m i t t e r s  are randomly 

s e l e c t e d  f o r  c logging us ing  t h e  randcrn number gene ra to r  of the  com- 

p u t e r .  Furthermore, t h e  r o u t i n e  is  programmed so  t h a t  t h e  same e m i t t e r  

is  n o t  clogged a g a i n  when m u l t i p l e  clogging even t s  a r e  s imula ted ,  

R e s u l t a n t  system f low r a c e s  and c o e f f i c i e n t  of v a r i a t i o n  and o t h e r  

s t a t i s t i c s  a r e  calcula-ced a f t e r  che o r i g i n a l  e m i t t e r  popu la t ion  i s  

modif ied through c:l.ogging, 

RESULTS AND DISCUSSION: 

The computed coeff : ic icats  of v a r i a t i o n  f o r  the  cl.oggi.ng w i t h  

d i f f e r e n t  numbers of e m i t t e r s  p e r  pl-ant a r e  i l l u s t r a t e d  i n  F igu re  I. 

Obviously, c logging e f f e c t s  on uni formi ty  are g r e a t e s t  w i th  t h e  system 

having only  one e m i t t e r  pe r  p l a n t .  Tido e m i t t e r s  per  p?lant iirprove upon 

t h e  c o e f f i c i e n t  of v a r i a t i o n  f a r  t h e  sane pe rcen t  of c logging ,  Four t o  

s i x  e m i t t e r s  per  p l a n t  appear  t o  be the b e t t e r  combina t io~;  t o  use ,  I f  

y i e l d  f u n c t i o n  ve r sus  uni formi ty  of a p p l i c a t i o n  i s  a v a i l a b l e ,  econo- 

m e t r i c  computation c o d  be made t o  determine t h e  opti-murn number of 

e m i t t e r s  p e r  p l a n t  to u s e *  

By apply ing  tile i n t e r r e l a t i o n  developed h s t  year between c o e f f i c i e n t  

of v a r i a t i o n ,  c o e f f i c i c  r O C  u ~ ~ i ~ a r r n i t y  arid n u ~ ~ b e r  of e m i t t e r s  pe r  plant, 

t h e  e f f e c t  of c logging can he inco rpora t ed  in to  t h e  system, R e s u l t s  of 

Table 1 r e i n f o r c e  numer ica l ly  t h e  in tu i t i on -de r ived  concepts  t h a t  more 

e m i t t e r s  p e r  p l a n t  would give b e t t e r  water  a p p l i c a t i o n  d i s t r i b u t i o n  

and a l s o  t h e  system can t o l e r a t e  more degree of e m i t t e r  c logging ,  Pre- 

cau t ion  must be taken  wi th  the  use  of t h e  number, however, s i n c e  even 

w i t h  80 t o  90 pe rcen t  un i formi ty  c o e f f i c i e n t ,  on ly  SO t o  90 pe rcen t  oE 

t h e  p3.ants w i l l  b e  adeqrrately i r r i g a t e d ,  To achieve  100 p e r c e n t  ade- 

quacy, more i r r i g a t i o n  water  i s  needed, b u t  some p l a n t s  would b e  over- 

i r r i g a t e d ,  consequently causing a decrease  i n  i r r i g a t i o n  e f f i c i e n c y ,  

SuM3fh£<Y : 

Long-term observations on t r i c k l e  e m i t t e r s  a r e  necessary  t o  

e v a l u a t e  e m i t t e r  p e r f ~ - ~ a n c e  and r c l i a b i S i t y .  Exper5ments have shown 
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t h a t  emi t te r s  exhibi t ing good po t en t i a l  i n  t he  f i r s t  and even second 

year  of operation could develop flow problems. I n  the  water t r e a t -  

ment, removal of suspended mater ia l  is  important f o r  proper operation 

of most types 01 emit Lers, Acid treat!!renr: w i t h  f i l t r a t i o n  f o r  the  

Colorado River water was a s  e f f ec t i ve  a s  t h e  combination h-ypochlorite- 

a c id  treatment f o r  maintaining emi t te r  operation. Apparently, micro- 

b i a l  a c t i v i t y  is nor: a s  g rea t  a problem with t h i s  water f o r  t h e  s i t e  

a s  other locat ions ,  

A simulation model based on s t a t i s t i c s  tizac accounts f o r  the  . 

clogging of e ~ t t e r s  and i t s  e f f e c t  on appl icat ion uniformity was 

developed. The e f f e c t  of emi t te r  clogging with various combinaeions 

of emi t te r s  per  p l an t  i s  c l ea r ly  demonatrated even with 5 t o  10 percent 

of the  emi t te r s  being clogged, Bio  o r  more emit ters  per  p lant  a r e  

necessary t o  maintain adequate water app l ica t ion  unifo.mity i n  such 

situations. 

PUBLICATIONS: 

Nakayama, F ,  S, , Gilber t ,  R, G. ,  arid Bucks, D- A, 3.978. Tdater 
treatment in t r i c k l e  i r r i g a t i o n  systems. J, 1rrJ.g- and Drain* 
Div,, Amer, Soc. C iv i l  Engin. l04(2X.):23-24. 

Nakayama, F, . , Bucks ,  D ,  A,, and Clemnens, A. d, 1978, Assessing 
t r i c k l e  emit ter  app icairion mi formi ty ,  Trans. h e r ,  Soc. Agric. 
Eng, ( In  press)  

Bucks, D, A., Nahyar~a,  P, S., and Gi lber t ,  K, 6 ,  1978- Trickle  
i r r i g a t i o n  wafer qua l i ty  and preventive maintenance. Agrric- Water 
Manage. ( In  press  

Gi lber t ,  R, G ,  , Nakayma, F, S . ,  and Bucks, D ,  A, 1978. Tr ickle  
i r r i g a t i o n :  Prevention of c loggkg .  Trans, Amer. Soc, Agric- 
Eng. (In press) .  

PERSONNEL: F, S. Nakayama, B. A. Rasnick, D, A, Bucks, O *  3'. French, 

R, G .  Gilber t  
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Table 1. In te r re la t ionsh ip  between number of emit ters  per  p lan t ,  

percent emit ters  clogged and uniiormity coef f ic ien t .  

No. o f  Uniformity Coeff ic ient  (%) 

emi t te r s  Percent clogged emi t te r s  

per  p l an t  0 I 2 5 10 15 20 
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Figure  1, Clogging e f f e c t  on t h e  c o e f f i c i e n t  of v a r i a t i o n  f o r  emitter flow rate w i t h  

d i f f e r e n t  nruxbers of e m i t t e r s  pe r  plant, 
. . 
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TITLE: X'LEIJI EXPEKImNTS FOR SURFACE IRRIGATION MODEL 

NRP: 20740 CRXS WORK UNIT': 5510-20740-003 

CODE NO.:  USWCL 78-10 

INTRODUCTION: 

An expe r tnen t  w a s  .ini.b_iaied t o  prov lcle a d d i t  i o m i  v e r i f i c a t i o n  

of t h e  mathemanical models  hat have been developed f o r  border  i r r i g a -  

t i o n ,  Add i t iona l  o b j e c t i v e s  a r e  t o  t e s t  methods 01 esc imat ing  t h e  in-  

f i l t r a t i o n  r a t e s  of a s o i l  from s u r f a c e  w a t e r  hyd rau l i c s  and t o  

develop p r a c t i c a l  gu ides  f o r  e s t i m a t i n g  s u r f a c e  roughness i n  i r r i g a -  

t i o n  borders ,  During l978 ,  t hzee  f i e l d s  (6- l ,  B-1, B-2) wich ac re -  

ages  3 , 9 4 ,  3.74 and 9 - 3 2  were l a s e r  l eve l ed  t o  s l o p e s  of 0,000, 0.001 

and 0.0005, r e s p e c t i v e l y ,  S p e c i a l  border  dikes were cons t ruc t ed  by 

p u l l i n g  up two e x t r a  h igh  border d ikes  next  t o  each o t h e r ,  A b l a d e  

w a s  used t o  knock s o i l  back i n t o  t h e  dead furrow on t h e  f i e l d  s i d e  o i  

t h e  d ikes .  The a r e a  between ",'i~e t w c t  d ikes  was corrvertient f o r  walking 

up and down t h e  f i e l d  w h i l k  i r r i g a t i n g ,  The border  s t r i p s  were a l l  

about  617 f c long and t h e  widths were 110, 4 0 ,  aad 80 on t h e  s m a l l e r  

f i e l d s  and 120, 40, 80,  120, 40,  and 80 on t he  l a r g e r  f i e l d ,  A l l  

borders  were blocked to prevent  runoiE,  

EXPERZkF'NTS : 

The a l f a l f a  seed tras Florm on t o  mi i~ imize  v e h i c l e  t r a f f i c ,  t hen  

t i l l e d  i n t o  tlhc s o i l ,  The First i r r i g a t i o n  was made on September 21, 

1978 j u s t  a r t e r  p lan t i r ig ,  kdvaace and r eces s ion  were observed on a l l  

12  bo rde r s ,  Ring i n f i Z t r a t i o n  d a m  w a s  taken on e h e  two o u t s i d e  

borders  of f i e l d  C - l  ( l e v e l )  a t  100 ft i n t e r v a l s ,  s t a r t i q g  a t  s t a t i o n  

0  3- 50 and ending a t  s t a t i o n  5 C 10 ,  B o u r , ~ r %  method of dererminlng 

i n f i l t r a t i o n  r a t e s  was used ~o  e s t i m a t e  t h e  i n f i I . t r a t i o n  r a r e s  f o r  

t h i s  i r r i g a t i o n .  When a:!l 12 borders  were used, t h e  r e s u l t s  loolced 

good arid a r e  p l o t t e d  i n  P igure I. However, one scandard d e v i a t i o n  

i n  average depth  a p p l i e d  r e p r e s e n t s  about  1 i nch  a t  3 1 / 2  hour s ,  

which was almost 30%- Also, when us ing  t h i s  neebod on on37 a  f e w  

borders ,  t he  r c s u l t s  were r a t h e r  poor, i n d i c a t i n g  that t h e  i n f i l t r a -  

t i o n  was d i f f e r c n c  in  d i f f e r e n t  bo rde r s ,  Dif P i c u l  ty in detcrmirring 

recessi.on times a l s o  probably af Ecci.cci the ann2ys- i~ .  The r i n g  daka 
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was p l o t  ted on log-3.ag paper, both the 2.nf i:Lrration rate and the 

cumulative inf il.tration. A volume balance showed thar: the da.ta under- 

predicted the infiltrated volume by about 30%" Both sets of data 

were adjusted to reach a voirirne balance and are ploictecl i.n Figure 1, 

A comparison with Lbut~ie; ' :; method wou:id i rid:i.cate that the infiltration 

rate data was probably better than the cuinulaillive in:Eiltrair.i.on data., 

Since the soil is a clay l o a m  (Avondale], t h i s  is reasonable, Eow- 

ever, on more coarse-textutlred soil., the  reverse Is usua.lly true, 

The zero-inertia border irrigation model was used To estimacc 

the advance and secessicri on these borders b s ~ 4  on :lie irri-'i:i.i;rairriofi 

data taken. In general, the model. predicted advance t:oo s?_owLy, most 

likely due ", the value elmsen for the Xaiming rouglxiiess coeffi.cLent. 

The laser Ievel.ed fields with al.ii:ost 110 tiJ.:i,ige were apparent:i-y 
. . sxioot;l?..er than iriciicatu! hy t i l e  S o i l  Crm.;e-rv~ic.r.~n Servri.cc, i,d~a r'e~:om- 

.04 fcir b ~ ~ r e  s,?i;L,, A S C C ' C ) : ~ ~  .'I-r.i.gati.on was 1:un ox-L O c t ~ b e r  

1 .  7 i t .  L C  : Add!.tic;aal r i n g s  were set out to de- 

te"rmine the  e f f e c t s  of drivhg the icylinders on the 5.nfil.tration. Mo 

correfarion existed, 
< .  .. To obtain m o r e  rea:i.is t i c ,  usabk ciata, sorim water depth measure- 

ments wi1.3. be necessary to obtain water surface profiles. This will 
- " improve the es t imat i is u.!: uo th infi.ltrr:t.ion races and surf ace rough- 

mess. 

S n ~ a l l .  l i f t  ga.tes were installed on Field C-l and snlaL1. erosiop-1 

c.ontroS. strucililr'es were built, Erosion was caused by floor jets 

w h i c h  were not b?_ocSccd o f f  by the temporary sil:ls, These ga."ts w i l l .  

cverr"iuaily be automated to faciliirate fast set changes, Use of the 

gates helps to rna:irr"iin a uniform, stable cliscl-iargc d o m  the border 

which is necessary for this study. 

S UP!D!w<Y : 

A Eie:ld exper:irr.;ent has been initi.ated in an attempt to obtain 

better data over a wider range of fieid conditions to investigate the 

usefulness of hydraulic nlodeling of the irrigation. process and to 

verify existing models.  Preliminary imestigat:i.ons have shown that 

some witer ciepilh rnea.suremen. are necessary in order to obta.in 
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accurate estimates of inEL3.tration and flow resistance, 

PERSONJEL: --- Albert 5 -  Clemxens, ---- Allen R. DedrLck, John A. Replogle  
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Cmulat ivc  infiltration functions for first irrigatioc at Cotton Research Center ,  
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TITLE: DEPTH DETECTION AhQ TRANSMISSION FOR OPEN CdAPNNEL PLOW 

MEASUREMIZNT AND CONTROL DEVICES 

NRP : 20740 CRIS WORK UNIT: 5510-20740-003 

CODE N O ,  : USWCL 78-11 

TNTRODUCT LON L 

A more s e r i o u s  e f f o r t  has  begun i n  t r y i n g  l-o develop a  r e l i a b l e ,  

s imple ,  a c c u r a t e ,  inexpens ive  depth sens%ng dev ice  (with no moving 

p a r t s )  f o r  open channels  and i r r i g a t i o n  Tfc ld  s t u d i e s ,  Scve ra l  o t h e r  

r e s e a r c h  p r o j e c r s  depend on a c c u r a t e  depth  d e t e c t i o n  t h a t  can be in-  

t e r f a c e d  w i t h  d i g i t a l  e l e c t r o n i c s ,  The work t o  dake c o n s i s t s  of two 

p a r t s :  development of probes o r  i n s t rumen t s  whose p r o p e r t i e s  can be  

r e l a t e d  t o  water  depth  and a p r o c e s s o r / c o n t r o l l e r  t o  i n t e r p r e t  t h e s e  

p r o p e r t i e s  a c c u r a t e l y  and r e l i a b l y ,  aad t o  s t o r e  d a t a  f o r  l a b o r a i o r y  

and E ie ld  t e s t i n g  and c a l i b r a t i o n ,  

DEVEL,OPPBNT OF DEPTH DETECTION IBSrTRiTPIENTS : 

Up t o  t h i s  p o i n t ,  we have been i n v e s t i g a t i n g  gene ra l  i d e a s  and 

concepts  and n o t  s p e c i f i c s .  Thus, t h e r e  was v e r y  l i t t l e  docwnenta- 

t i o n  of what was done, The f i r s r  concept t r i e d  was a capaciLance 

probe w i t h  two me ta l ,  i n s u i a t e d  rods .  The water was t h e  d i a l e c t r i c ,  

The b igges t  problem herq i s  thntLtlne dia.2tlctric cons t an t  is  a f f e c t e d  

by the  p r o p e r t i e s  of the  waier, such a s :  e l e c t r i c a l  conduc t iv i ty ,  

sal t  con ten t ,  t emperauxe ,  suspended m a t e r i a l s ,  c t c ,  Using a f l u i d  

w i t h  cone ro l l ed  p r o p e r t i e s  would probably be too  d i f f i c u l t ,  s o  t h i s  

i d e a  was abandoned. 

The n e x t  rlting tr-Led was a t i g h t  f i t t i n g  sree.1 rod i n s i d e  a  

g l a s s  rod. The s t e e l  rod ac t ed  a s  one p l a t e  of t h e  c a p a c i t o r ,  wh i l e  

t h e  water  ac t ed  a s  t he  o t h e r  p l a t e ,  wi th  t he  g l a s s  as the  d i a l e c t r i c .  

Th i s  seemed t o  work Ta-Lr3.y w e l l ,  S t a b l e  readings  were d iEf icu l t l  t o  

g e t  due t o  changes i n  water  conduc t iv i ty ,  and due t o  t h e  i n a c c u r a c i e s  

01 t h c  c i r c u i t r y  used,  An osci l_Sator  w a s  used t o  cliarge and disclmrgc 

t h e  capac i to r .  The output  uas  a  frequency which depended upon t h e  

capac i t ance  of t h e  prof>e ,  Both t h e  o s c i l l a t o r  and the  frequency 

counter  used were s u s p e c ~ ,  and consiclerable d r i f t  r e s u l t e d ,  h nine-  

v o l t  DC b a t t e r y  was used t o  power t h e  c i r c u i t .  
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Next, a l a r g e  g l a s s  tube was used and f i l l e d  with a s a l t  solu-  

t i o n  and t h e  same s i z e  s t e e l  rod (very loose  f i t t i n g ) ,  The previous 

s i z e  g l a s s  tubing was too small i n  dlameter and too t h i c k  f o r  the  

capacitance range of t h e  o s c i l l a t o r .  This probe w a s  hooked up t o  an  

autodata  n ine  d a t a  a c q u i s i t i o n  system, Preliminary i n v e s t i g a t i o n s  

showed t h a t  t h e  b a t t e r y  vol tage  was c r i t i c a l  i n  determining t h e  output  

frequency, Also, w e  found t h a t  t h e  autodata  n ine  t i m e  clock was no t  

accura te  enough t o  provide s t a b l e  frequency measurements. 

During t h e  work with the  autodata  n ine ,  a new type of probe was 

b u i l t  i n  an attemp t o  g r e a t l y  inc rease  t h e  value  of t h e  capaci tance .  

This consis ted  of a dozen loops of t e f l o n  i n s u l a t e  wire wrapped, 

around a p l e x i g l a s s  frame. O f  course t h e  same pro l e n s  of s t a b i l i t y  

ex i s t ed  as wi th  t h e  o the r  probes, An a d d i t i o n a l  probl.em w a s  a l s o  en- 

countered, t h a t  of s t e r e s i s  caused e i t h e r  by. t h e  wa er c l ing ing  t a  

t h e  w i r e  a s  t h e  w a t e r  l e v e l  dropped, o r  by t h e  water being absorbed by 

t h e  t e f l o n .  This proper ty  of t e f l o n  w i l l  have t o  be explored,  par- 

t i c u l a r l y  s i n c e  many c o m e r c i a l  depth probes use t e f l o n  coated rods ,  

It is not  known i f  a d i f f e r e n t  type of t e f l o n  i s  used o r  no t ,  This  

a r e a  

more 

make 

w i l l  have t o  be s t u d i e  

A microprocessor d a t a  a c q u i s i t i o n  system was u i l t  t o  o b t a i n  

r e l i a b l e  r e s u l t s  from these  probes. It took a l o t  of e f f o r t  t o  

s u r e  t h a t  t h e  da ta  obtained by t h e  processor was no t  a f f e c t e d  by 

t h e  processor i t s e l f .  The vol tage  t o  the  probe c i r c u i t  is  now 

separa te ly  regula ted ,  A hardware counter was added t o  avoid i n t e r -  

ference  problems between t h e  r e a l  time clock and the frequency counter  

software,  It appears t h a t  most of the  electr2pi-d n o i s e  has  been 

el iminated from the  processor c i r c u i t r y ,  Several  problems w e r e  en- 

countered i n  switching from e x t e r n a l  AG o r  DC t o  i n t e r n a l  DC f o r  

memory s torage .  With these  improvements, a more s t a b l e  o s c i l l a t o r  

in tegra ted  c i r c u i t  chip  was found and i s  now being used i n  t h e  probe 

c i r c u i t .  

A new type of probe was developed f o r  f u r t h e r  t e s t i n g ,  A g l a s s  

tube was Eill.ed wi th  mercury. T'nis new probe was t e s t e d  i n  a con- 

s t a n t  temperature room. h overnight run was made whi le  monitoring 
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t h e  probe,  t'hc probc c - i r c u i t r y  w i t h  a  f-ixed c a p a c i t o r ,  and a c r y s t a l  

sou rce  frequency.  The crys ta l .  sou rce  channel d a t a  was cons t an t ,  

i n d i c a t i n g  t h a t  t h e  processor  i s  working w e l l ,  The d a t a  from the  

f i x e d  c a p a c i t o r  showed a  t rend almost  i d e n t i c a l  t o  recorded a ir  tem- 

p e r a t u r e  f l u c t u a t i o n s ,  and the  probe showed a  s t eady  r i s i n g  t rend  

caused by a  slow drop i n  the  water  Level ( l e a k ) .  IisIrile t he  tempera- 

t u r e  f l u c t u a t i o n s  were sma l l  (< 4 F ) ,  t h i s  i n d i c a t e s  some tempera- 

t u r e  s t a b i l i t y  i n  both probe and probe c i r c u i t r y ,  

Cuxiously enough, i t  was a l s o  found t h a t  t h e  l a b o r a t o r y  source  

frequency showed a h igh  degree of v a r i a b i l . i t y  and was not  r e l i a b l e  

enough f o r  t h i s  work. 

One problem wi th  t h e s e  probes i s  t h a t  t h e r e  i s  a n  end e f f e c t  on 

capac i t ance  a t  v e r y  low water  l e v e l s .  Th i s  may be caused i n  p a s t  by 

t h e  l o c a t i o n  of t h e  w i r e  which i s  i n  con tac t  w i th  the  water ,  During 

t h e s e  experiments  i t  has  been p laced  i n  t h e  water  below t h e  probe 

and out oE t h e  way. An a l t e r n a t i v e  i s  t o  run a  bare rod i n  tlre water  

p a r a l l e l  t o  t h e  g l a s s  probe. Th i s  should el-iminate t h e  end e f f e c t s ,  

but  may dec rease  t h e  range  and s e n s i t i v i t y ,  This  w i l l  b e  t r i e d  i n  

f u t u r e  experiments .  Eventua l ly  i t  may be  p o s s i b l e  t o  moun"che g l a s s  

rod  i n s i d e  a  me ta l  tube  a t  a s e t  d i s t a n c e ,  and use t h i s  m e t a l  tube a s  

t h e  o t h e r  p l a t e  of t h e  c a p a c i t o r ,  t o  t r ansmi t  c u r r e n t  to  t h e  water ,  

and t o  p r o t e c t  t h e  probe from damage, 

A l l  f u t u r e  work and t .es t ing w i l l  be  documented accord ing  t o  t h e  

fo l lowing  procedure,  A 3.ab book w i L 1  be  kept  t o  record  d a t a  on each 

experiment i nc lud ing :  t h e  purpose of t h e  t e s t ,  s p e c i f i c s  of  t h e  test 

inc lud ing  channel  nunlbers, a l l .  p l o t s  made from t h e  d a t a ,  t h e  d a t e  oE 

t h e  t e s t ,  t h e  l o c a t i o n  where t h e  t e s t  was made, any o t h e r  d a t a  talcen 

( i . e .  water  depth measured, temperatures  recorded) ,  and t h e  r e s u l t s  

oE the  t e s t .  

PROCESSOX/ CONTRQILER DEVELOPMENT ; 

Purpose. A microprocessor  control.l.ed pu l se  counter  has been de- 

s igned  t o  provide  a p o r t a b l e  system Eor da t a  c o l l e c t i o n  and t e s t i n g  

of water l e v e l  d e t e c t o r s  wit11 frequency ou tpu t ,  (Note: w a t e r .  l e v e l  

d e t e c t o r s  w i t h  v o l t a g e ,  c u r r a n t  o r  o the r  e l e c t r i c a l  ou tput  can e a s i l y  

be converted t o  frec1uenc.y) . 
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General  Desc r ip t ion ,  -- 
processor  w i th  over  21,000 

d a t a  s t o r a g e ;  a  32-channel 

and a  b a t t e r y  power supply  

The system hardware c o n s i s t s  of a  micro- 

memory l o c a t i o n s ,  over 16,000 dedica ted  t o  

p u l s e  counter  w i th  f o u r - d i g i t  accuracy;  

t o  ma-intain t h e  d a t a  memory dur ing  t r ans -  

p o r t a t i o n .  

The processor  is  programmed f o r  two modes of ope ra t ion .  I n  t h e  

d a t a  i n p u t  mode t h e  processor  s e q u e n t i a l l y  s cans  tile s e l e c t e d  

channels  a t  a  s e l e c t e d  i n t e r v a l .  A f t e r  each channel  i s  scanned t h e  

d a t a  is  s t o r e d  and d i sp l ayed ,  Operat ing i n  t h e  ou tpu t  mode t h e  proc- 

e s s o r  can be used t o  load  o r  dump i t s  memory o r  e d i t  i t s  memory as 

needed t o  output  tlie d a t a  f o r  process ing .  This  mode i s  normally only 

used f o r  clumping t h e  s t o r e d  d a t a .  

System Development. -- - Development of t h i s  syszem requirecl hardware 

and so f tware  development. 

Hardware Development. A CRS-82 microprocessor  system w a s  

purchased from Pro-Log Corporat ion t o  be  t h e  main c o n t r o l l s r  

f o r  t h e  system. The CRS-82 i nc ludes  a  CPU ca rd  ( c e n t r a l  

p rocess ing  u n i t ) ,  a 4-port i npu t  ca rd ,  a  I -por t  ou tput  ca rd ,  

a  card  r a c k  prewired f a r  t h e s e  c a r d s ,  and a few a d d i t i o n a l  

memory and P/O (Input/outpctt)  cards .  Spare s l o t s  a r e  a l s o  

inc luded  f o r  custom des ign  purposes,  

A 16K (16,384) Byte (8 B i t  Data word) memory card  was 

added f o r  d a t a  s t o r a g e .  Our u s e  r e q u i r e s  t h a t  t h e  u n i t  be 

t r anspor t ed  from t h e  d a t a  c o l l e c t i o n  s i t e  t o  the process ing  

s i t e ,  Thus i t  was necessary  t o  modify t h e  Kenlory Board t o  pro- 

v i d e  power t o  .che memory dev-ices when t h e  system power i s  

turned o f f ,  The type  o  F memory used i s  v o l a t  rile, any power 

i n t e r r u p t i o n  causes t h e  s t o r e d  d a t a  t o  change, s o  power 

must c o n t i n u a l l y  be app l i ed  t o  t h e  memory t o  main ta in  t h e  

d a t a .  

1 encountered s e v e r a l  problems wi th  t h e  d a t a  being 

changed when t h e  power l e v e l s  were changed by power su rges  

caused by such t h i n g s  a s  tu rn ing  on t h e  d i s p l a y s  and turn-- 

i ng  t h e  AC power on and of1 .  To s o l v e  t h i s  problem a 
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s e p a r a t e  r egu la t ed  power supply had t o  be added Lor t h e  

memory wi th  s p e c i a l  swi tch ing  t o  avoid  t r a n s i e n t s  i n  t h e  

memory power c i r c u i t s .  

Problems were encountcrcd  hen a t t empt ing  to  u se  t h e  

same program t o  monitor and update  r e a l  e lapsed  time, and 

a l s o  t o  count and keep t r a c k  of frequency d a t a ,  To s o l v e  

t h i s  problem, a hardware counter  was developed t o  count  and 

record  incoming pulses .  This  counter  s t a r t s  and s t o p s  

under program con t ro l .  The f i n a l  count  is  saved i n  t h e  

hardware counter  and can be  r e t r i e v e d  by t h e  program when 

convenient ,  (Real e lapsed  t ime i s  t h e  e lapsed  t ime from 

s t a r t  of INPUT mode), 

I n t e r r u p t s  used by t h e  r e a l  e lapsed  t ime c lock  program 

a r e  genera ted  by an  e x t e r n a l  hardware counter .  The counter  

t a k e s  t h e  c r y s t a l  c lock  frequency from t h e  CPU Board and 

d i v i d e s  i t  by 500 rn i l l i on  t o  provide  t h e  i n t e r r u p t  f requency 

f o r  t h e  c lock .  Besides t h e  i n t e r r u p t  p u l s e ,  and i n t e r r u p t  

address  must be  genera ted  t o  t e l l  t h e  processor  where t o  go 

t o  s t a r t  execut ing  a f t e r  a n  i n t e r r u p t .  The t iming i s  such 

t h a t  t h e  processor  must acknowledge a n  i n t e r r u p t  b e f o r e  t h e  

i n t e r r u p t  address  i s  placed on the  processor  address  bus. 

If t h e  t iming  i s  i n c o r r e c t ,  i n v a l i d  add res ses  w i l l  be pre-  

sen ted  t o  t h e  memory, caus ing  t h e  program t o  f a i l .  

A l l  c o n t r o l s  and d i s p l a y s  a r e  on t h e  f r o n t  pane l  w i t h  

back pane l  connect ions provided f o r  AC and DC power, tele- 

type  and RS-232 Inpu t /ou tpu t  cab le s ,  and frequency i n p u t s  

f o r  each channel.  The d i s p l a y s  provide  t ime from 000.0 t o  

999.9 minutes ,  two d i g i t s  f o r  channel number and f o u r  

d i g i t s  f o r  t h e  d a t a ,  

Switches are provided f o r  t h e  fol lowing:  

AC/DC power s e l e c t  

CELARGE/OPERATE (power on-of f )  

LXESET ( r e s e t s  processor ,  t a k e  program o u t  OE 

INPUT and OUTPUT modes). 
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INPUT DATA ( s t a r t s  d a t a  c o l l e c t i o n  program) 

OUTPUT DATA ( s t a r t s  t e l e t y p e  mon.itor program) 

MEMORY (provides  power f o r  memory when system 

i s  o f f )  

Software Devel2men.t. The MPS TTY monitor  program from t h e  

Pro-Log Corporat ion i s  uscd t o  provide  t he  communication 

r equ i r ed  t o  ou tpu t  t h e  d a t a .  The monitor  program performs 

t h e  o p e r a t i o n s  of LOAD, DUNP, MOVE, TRAXSZATE, and EDIT. 

The LOAD o p e r a t i o n  l o a d s  memory from t h e  t e l e t y p e  paper  

t a p e .  DUMP causes  memory d a t a  t o  be  p r i n t e d  o r  punched on 

t h e  t e l e t y p e .  MOVE r e l o c a t e s  b locks  of memory w i t h i n  

memory. TRANSLATE a l lows  page add re s se s  t o  be  changed 

w i t h i n  page memory. EDIT a l l ows  manipula t ion  of s p e c i f i e d  

memory add re s s  by v a r i o u s  commands, The EDIT command sub- 

s e t  a l l ows  s e t t i n g  t h e  memory add re s s  p l u s ;  l i s t i n g ,  s t o r -  

i ng ,  s u b s t i t u t i n g  and execut ing  d a t a  a t  t h e  s p e c i f i e d  

add re s s .  The memory add re s s  can a l s o  be  incremented o r  
l/ decremented- . 

Elapsed t i m e  i s  maintained by a n  i n t e r r u p t  c o n t r o l l e d  

program. Each i n t e r r u p t  i n i t i a t e s  t h e  c l o c k  program t h r u  

s u b r o u t i n e  v e c t o r s  provided w i t h  each i n t e r r u p t  p u l s e ,  

A f t e r  an  i n t e r r u p t  p u l s e  i s  acknowledged by t h e  p roces so r  

t h e  i n t e r r u p t  c i r c u i t s  p rovide  t h e  add re s s  of t he  c lock  

s u b r o u t i n e  t o  t h e  p roces so r .  The c l o c k  r o u t i n e  increments  

i t s  coun te r s  once b e f o r e  r e t u r n i n g  t o  t h e  main program. 

The e l apsed  time i s  maintained i n  r e g i s t e r s  (memory) f o r  

t h e  main program t o  a c c e s s  a s  needed. Th i s  program oper- 

a t e s  o n l y  du r ing  t h e  INPUT mode. 

I n  t h e  main program, c o n t r o l  f o r  t h e  counter  and d a t a  

handl ing  i s  maintained.  To c o n t r o l  t h e  coun te r  an add re s s  

i s  s e n t  t o  t h e  counter  t e l l i n g  i t  which channel. t o  count .  

Then t h e  counter  i s  reset and enabled f o r  t h e  count  pe r iod .  

A t  t h e  end of t h e  count per iod  a  hold s i g n a l  i s  s e n t  t o  t h e  

counter  t o  hold t h e  count  whi le  t he  d a t a  i s  r ead .  

l/ Program, 8080 Monitor - 
ProLog Corpora t ion  
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A f t e r  reading  t h e  d a t a  t h e  processor  s t o r e s  t h e  d a t a  

and d i s p l a y s  t h e  c o n t e n t s  of t h e  memory l o c a t i o n s  s o  t h a t  

t h e  ope ra to r  s e e s  t h e  a c t u a l  d a t a  s t o r e d .  

Scan i n t e r v a l s  and t h e  channels  t o  be scanned a r e  

en t e red  i n  RON (Read Only Memory). To change t h e s e  v a l u e s  

a new ROM must be programmed and i n s e r t e d  i n t o  t h e  processor .  

Work Remaining. Seve ra l  improvements can be made b e f o r e  going t o  - 
t h e  f i n a l  f i e l d  d a t a  a c q u i s i t i o n  system, 

Thumbwheel swi tches  may be  provided f o r  manual e n t r y  of 

f i r s t  and l a s t  channels  and f o r  manual s e l e c t i o n  of t h e  scan  

i n t e r v a l .  

Temperature problems have been encountered dur ing  warn 

t empera ture  ope ra t ions .  Extended Gemperature r ange  Lntegra ted  

c i r c u i t s  w i l l  be  added t o  hope fu l ly  s o l v e  t h i s  problem wi thout  

t h e  need f o r  fo rced  cool ing .  

Software changes w i l l  be  made t o  provide  one b u t t o n  o u t p ~ r t  

of d a t a ,  

Software changes must a l s o  b e  made be fo re  Eie ld  d a t a  co l l ec -  

t i o n  is  undertaken.  The changes w i l l  a l low t h e  p roces so r  t o  

determine when water  has  reached a  probe. Data w i l l  b e  ignored 

a t  each probe u n t i l  t h e  a r r i v a l  of water  has  been de t ec t ed .  I n  

t h i s  way only  a c t u a l  water  :Level d a t a  w i l l  b e  recorded ,  thereby  

conserving memory space.  

SUMMARY : 

Pre l iminary  s t u d i e s  have been conducted i n  an  a t tempt  t o  develop 

s imple,  r e l i a b l e ,  a c c u r a t e  inexpensive depth d e t e c t i o n  dev ices  (~crrith 

no moving p a r t s )  t h a t  can be  i n t e r f a c e d  w i t h  d i g i t a l  e l e c t r o n i c s  f o r  

open channel  f low measurement and c o n t r o l ,  i r r i g a t i o n  automation 

c o n t r o l ,  and i r r i g a t i o n  Eie ld  d a t a  co l l ec t io l l  and process ing .  

I n i t i a l  t e s t i n g  of d i f f e r e n t  depth  sens ing  concepts i n d i c a t e d  t h a t  

p r e c i s e  c o n t r o l  of v o l ~ a g e  and frequency (time) were e s s e n t i a l .  

Seve ra l  depth  sens ing  probes have been cons t ruc ted  and t e s t e d ,  and 

i t  appears  t h a t  t h e  o b j e c t i v e s  of t h i s  s tudy  can be met ,  
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A microprocessor  d a t a  a c q u i s i t i o n  system was b u i l t  t o  provide  

f o r  more r e l i a b l e  t e s t i n g ,  c a l i b r a t i o n  and d a t a  c o l l e c t i o n .  The 

p roces so r  s e q u e n t i a l l y  scans  from 1 t o  32 s e l e c t e d  channels  a t  pre- 

determined i n t e r v a l s .  A f t e r  a  channel  has  been scanned t h e  d a t a  i s  

s t o r e d  and d isp layed .  Only raw d a t a  i s  c o l l e c t e d  by t h i s  system. 

A f t e r  d a t a  c o l l e c t i o n  i s  completed the  system may be e a s i l y  t r a n s -  

po r t ed  t o  t h e  computer f a c i l i t y  f o r  process ing .  

PERSONNEL: John A. Replogle,  A lbe r t  J. Clemmens, Robert P. Al len  
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TITT,E : MATI-IEmTICAL MODELING OF BORDER IRRIGATION HYUMUZICS 

NRP : 20740 CRIS WORK UNIT : 5510 -20740-003 

CODE NO.:  USWCL 78-12 

INTRODUCTION: 

- Research over  t h e  l a s t  y e a r  h a s  concent ra ted  on t h e  ze ro  i n e r t i a  

model. Th i s  model r e p r e s e n t s  t h e  s o l u t i o n  of t h e  S a i n t  Venant 

~ q u a ' t i o n s  w i t h  t h e  i n e r t i a l  terms e l imina ted .  The model seems t o  

r e p r e s e n t  a n  e q u i t a b l e  t radeoff  between t h e  t i m e  and c o s t  involved  

w i t h  making a run ,  and t h e  accuracy  of t h e  s o l u t i o n ,  I n  comparisons 

w i t h  f i e l d  d a t a ,  t h e  model does reasonably  w e l l . .  However, i t  is  

d i f f i c u l t  t o  determine i f  d i f f e r e n c e s  i n  r e s u l t s  a r e  due t o  model in- 

a c c u r a c i e s  o r  e r r o r s  i n  t he  i n p u t  d a t a .  F i e l d  experiments a r e  be ing  

performed under a d i f f e r e n t  r e s e a r c h  o u t l i n e  i n  o rde r  t o  provide  more 

informat ion  i n  t h i s  a r e a .  Improvements i n  t h e  model con t inue  t o  b e  

made as more types of f i e l d  c o n d i t i o n s  a r e  considered.  

DIMENSIOMAL ANALYSES: 

A more g e n e r a l  form of dimensional  a n a l y s i s  has  been developed 

which can be  used f o r  a wider  v a r i e t y  of s i t u a t i o n s ,  i n c l u d i n g  both  

1-eve1 b a s i n s  and s l o p i n g  borders ,  A g r a p h i c a l  dimensionless  soSut ion  

of l e v e l  b a s i n  advance (both b e f o r e  and a f t e r  t h e  i r r i g a t i o n  s t ream 

h a s  been c u t  o f f )  has  been developed and i s  i n  p r e s s .  A s o l u t i o n  f o r  

s l o p i n g  border  advance has  a l s o  been developed and a manuscript  i s  

be ing  prepared t o  presene i t  and t h e  gene ra l  dimensional  a n a l y s i s .  

The s i m p l i c i t y  of t h e  dimensionless  s o l u t i o n  has  made it p o s s i b l e  t o  

compare s o l u t i o n s  from t h e  zero  i n e r t i a  model and o t h e r  methods, A 

dimensionless  g r a p h i c a l  s o l u t i o n  of maximum water  depths  i n  l e v e l  

b a s i n s  w a s  p repared ,  This  was compared t o  t h e  s o l u t i o n  presented  by 

t h e  S o i l  Conservat ion Serv ice  (SCS) i n  t h e i r  border  i r r i g a t i o n  hand- 

book. For an  impervious bed, t h e  SCS va lues  were approximately 20% 

l e s s  t h a n  t h a t  calcuSated by t h e  z e r o - i n e r t i a  model. I n f i l t r a t i o n  

was n o t  considered i n  t h e  SCS s o l u t i o n .  For h ighe r  i n f i :L t r a t ion  r a t e s ,  

t h e  s o l u t i o n s  became c l o s e r ,  and a t  even h ighe r  r a t e s  t h e  SCS solu-  

t i o n  ove rp red ic  ts water  depth.. A manuscript  was prepared and i s  

under review which p r e s e n t s  ti:e two s o l u t i o n s  and t h e i r  assump t i o n s  . 
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DESIGN AND NANAGWNT OF LEVEL BASINS: 

The d imens ionless  s o l u t i o n s  t h a t  have been prepared above a r e  n o t  . 
i n  a form t h a t  i s  convenient f o r  u se  i n  des ign  and management. For a  

g iven  dep th  of a p p l i c a t i o n  a t r i a l  and e r r o r  s o l u t i o n  would be  neces- 

s a r y  f o r  t h e  a p p l i c a t i o n  time necessary  (and/or  f low r a t e )  t o  g e t  a 

g iven  a p p l i c a t i o n  e f f i c i e n c y ,  Also, cons ide rab le  computation would be 

involved i n  ob ta in ing  a va lue  f o r  t h e  a p p l i c a t i o n  e f f i c i e n c y .  I n  

o t h e r  words, t h e  i n p u t  t o  a  p h y s i c a l  model of t h e  i r r i g a t i o n  p roces s  ' 

i s  d i f f e r e n t  from t h e  inpu t  t o  a des ign  ~ n d / o r  management a i d .  So 

r a t h e r  than  a t t empt ing  t o  o b t a i n  t h e s e  a i d s  d i r e c t l y  from t h e  model, 

i t  is more convenient  t o  s o l v e  t h e  model i n  t h e  u s u a l  way and then  

p e r f o m  a d imens ionless  t r ans fo rma t ion  t o  p u t  t h e s e  s o l u t i o n s  i n  a  

more u s e f u l  form. This  has  been done f o r  one va lue  of a ,  0,5, and 

two d i f f e r e n t  t r ans fo rma t ions  made, The r e s u l t s  of t h e s e  are p l o t t e d  

i n  F igu res  1 and 2, The parameter a  r e p r e s e n t s  t h e  shape of t h e  in-  

f i l t r a t i o n  f u n c t i o n  o r  the  s l o p e  on a l o g r i t l ~ m i c  p l o t .  The i n f i l t r a -  

t i o n  f u n c t i o n  i s  assumed t o  be a  power func t ion ,  To o b t a i n  s o l u t i o n s  

w i t h  F i g u r e  1, t h e  f i e l d  l eng th ,  u n i t  f low r a t e  and f low r e s i s t a n c e  

v a l u e s  must be  f i x e d .  For F igu re  2 ,  t h e  n e t  dep th  of a p p l i c a t i o n ,  

t ime necessary  t o  i n f i l t r a t e  t h e  n e t  depth  and t h e  flow r e s i s t a n c e  

v a l u e s  a r e  f i x e d .  

MANAGEMENT ON SLOPING BORDER: 

The management on s lop ing  borders  (and b a s i n s )  is  much more 

d i f f i c u l t  than  on l e v e l  bas ins .  The reason f o r  t h i s  is  t h a t  on l e v e l  

b a s i n s ,  a h ighe r  E3.o~ rare w i l l  always grive a  g r e a t e r  p o s s i b l e  app l i -  

c a t i o n  e f f i c i e n c y ,  wh i l e  on s lop ing  borders  t h e r e  i s  one f low r a t e  

t h a t  w i l l  g ive  t h e  g r e a t e s t  p o s s i b l e  a p p l i c a t i o n  e f f i c i e n c y  f o r  a  

g iven  s e t  of cond i t i ons ,  A f low r a t e  e i t h e r  h ighe r  o r  lower w i l l  

r e s u l t  i n  a  lower p o t e n t i a l  e f f i c i e n c y .  Also, changing f i e l d  condi- 

t i o n s  change t h e  op t imm flow r a t e ,  making s lop ing  border management 

q u i t e  d i f f i c u l t .  

One approach t o  t h e  problem i s  t o  a t tempt  t o  ana lyze  a l l  of t h e  

v a r i a b l e s  which a f fec t  t h e  optirnum flow r a t e  and us ing  mathematical ,  

e m p i r i c a l ,  o r  o t h e r  s o l u t i o n s ,  determine a  new f low r a t e  t ime,  (Q-T) 
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combination f o r  each i r r i g a t i o n .  This  is  obviously v e r y  d i f f i c u l t .  

A second zpproach i s  t o  u s e  t h e  h y d r a u l i c s  of t h e  f low dur ing  t h e  

e a r l y  p a r t  of a n  i r r i g a t i o n  t o  determine the  optimum Q-T combination. 

A t  t h i s  p o i n t  i n  t ime, t h i s  method i s  n o t  p r a c t i c a l  s i n c e  t h e  inethod- 

ology and in s t rumen ta t ion  have n o t b e e n  adequate ly  devel-oped. 

A t h i r d  approach, and t h e  one used he re ,  i s  t o  c a l c u l a t e  optimum 

Q-T combinarions f o r  a  range of v a l u e s  of the  va r ious  parameters .  The 

parameters  t h a t  v a r y  from i r r i g a t i o n  t o  i r r i g a t i o n  are t h e  i n f i l t r a -  

t i o n ,  t h e  d e s i r e d  n e t  depth  of a p p l i c a t i o n ,  and t h e  f low r e s i s t a n c e .  

The e f f e c t  of f low r e s i s t a n c e  w i l l  b e  ignored f o r  t h e  t ime be ing ,  

and i t  w i l l  b e  assumed t h a t  t h e  roughness does n o t  change from irri- 

g a t i o n  t o  i r r i g a t i o n .  In s t ead ,  t h e  e f f e c t s  of i n f i l t r a t i o n ,  n e t  

depth  of a p p l i c a t i o n  and s o i l  mo i s tu re  s t o r a g e  w i l l  be  eva lua t ed ,  

Advance, r e c e s s i o n  and i n f i l t r a t i o n  measurements were t aken  on 

t h e  McDonnel-McElhaney Earm on two separaize days i n  1977. During t h e  

f i r s t  i r r i g a t i o n  observed (5-26-771, t h e  crop was s t a r t i n g  t o  w i l t ,  

i n d i c a t i n g  water  s t r e s s .  Th i s  would probably r e p r e s e n t  t h e  l e a s t  

s o i l  mo i s tu re  s t o r a g e  o r  t h e  d r y e s t  cond i t i ons  f o r  an  i r r i g a t i o n ,  

During the  second i r r i g a t i o n  observed (6-9-77), t he  s o i l  mo i s tu re  was 

a t  a  h igh  l e v e l  w i t h  v i s i b l e  mois ture  a t  t h e  su r f ace ,  r e p r e s e n t i n g  

t h e  w e t t e s t  cond i t i ons .  The i n f i l t r a t i o n  £unct ions f o r  t h e s e  two 

cond i t i ons  r e p r e s e n t  t h e  two extremes i n  i n f i l t r a t i o n  and s o i l  

mois ture .  It was e s t ima ted  t h a t  t h e  s o i l  p r o f i l e  could s t o r e  l e s s  

t han  1 i nch  of a v a i l a b l e  mo i s tu re  pe r  f o o t  of s o i l .  Thus, w i t h  a  

5-6 f t  r o o t i n g  depth,  water  a p p l i c a t i o n s  should be on t h e  o r d e r  of 

3-4 inches .  The o t h e r  p a r t i c u l a r s  f o r  t h i s  f i e l d  a r e :  Eield l e n g t h  

= 610 f t ,  f i e l d  width = 170 E t ,  E i e ld  s l o p e  = 0.00033 f t / f t ,  t h e  

crop i s  a l f a l f a  wi th  a  suggested Manning roughness c o e f f i c i e n t  = 0-15 ,  
a and power i n E i l t r a t i o n  func t ions  wi th  cons t an t s  = 2.9 and 2.2 i n / h r  

and powers = 0.60 and 0.52 f o r  t h e  dry  and w e t  cond i t i ons ,  r e spec t -  

f u l l y ,  (The border  w a s  blocked t o  prevent  runof £).  The two i n i i l t r a -  

t i o n  f u n c t i o n s  along w i t h  t h e  SCS i n t a k e  Eamily f o r  t h a t  s o i l  type  are 

shown i n  F igu re  3 .  
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The z e r o - i n e r t i a  b o r d e r - i r r i g a t i o n  model was used t o  de te rmine  

t h e  maximum a p p l i c a t i o n  e f f i c i e n c y  and r e s u l t i n g  uni formi ty  f o r  t h e  

two s o i l  mo i s tu re  conditi.ons a c  3 and 4 i nches  on n e t  a p p l i c a t i o n  and 

a t  5 c f s  i n t e r v a l s  of flow r a t e ,  The  r e s u l t s  a r e  presented  i n  Tables  

1 and 2. These e f f i c i e n c y  v a l u e s  r ep re sen t  t he  maximum a p p l i c a t i o n  

e f f i c i e n c y  (des i r ed  o r  ne t  a p p l i c a t i o n l g r o s s  a p p l i c a t i o n )  rounded t o  

t h e  n e a r e s t  pe rcen t  Eor whole minute a p p l i c a t i o n  times wi th  t h e  c r i -  

t e r i a  t h a t  no l o c a t i o n  r e c e i v e  l e s s  than  90% of t h e  n e t  appl ica-  

t i o n ,  and t h a t  99% of t h e  s o i l  p r o f i l e  i s  E i l l e d  based on t h e  assumed 

n e t  depth  of a p p l i c a t i o n  (99% s t o r a g e  e f f i c i e n c y ) .  Note t h e  h igh  

a p p l i c a t i o n  e f f i c i e n c i e s  t h a t  a r e  p o s s i b l e  under t h e  ranges  o f  f low 

rate, n e t  a p p l i c a t i o n  and i n f i l t r a t i o n  cond i t i ons .  

It could b e  argued t h a t  t h e  h ighe r  a p p l i c a t i o n  (4  i nches )  would be 

more p r a c t i c a l  on t h e  d ry  s o i l ,  and t h e  l e s s e r  a p p l i c a t i o n  (3 inches)  

on t h e  wet s o i l .  Thus t h e  farmer could achieve  a n  e f f i c i e n c y  of 90% a t  

any f low r a t e  from 15-20 cEs. Also n o t i c e  t h a t  t h e r e  i s  a  t r e n d  i n  

t h e  optimum flow r a t e .  For t h e  w e t  cond i t i on ,  apply ing  more water  

changes t h e  optinurn from abouir 1 7  cEs t o  about 5 c f s .  For  t h e  d r y  

cond i t i ons ,  t h e  change i s  sma l l e r ,  from about  21-22 c f s  t o  18-19 c f s .  

Obviously, g r e a t e r  water  a p p l i c a t i o n s  r e q u i r e  a  l o v e r  f low r a t e  t o  

ach ieve  t h e  optimum e f f i c i e n c y  f o r  any s o i l  mo i s tu re  cond i t i on ,  

Caution should be exe rc i sed  i n  u t i l i z i n g  t h e s e  types of r e s u l t s  

f o r  t h e  fo l lowing  reasons :  t h e  e f f e c t s  of s u r f a c e  roughness were n o t  

analyzed,  v a r i a t i o n s  i n  s l o p e  o r  roughness could cause changes i n  

c a l c u l a t e d  ve r sus  a c t u a l  advance and r eces s ion ,  d e f i n i t i v e  informa- 

t i o n  on i n t a k e  ve r sus  s o i l  mois ture  o r  i n t a k e  v e r s u s  t i l l a g e  p r a c t i c e s  

were no t  eva lua ted ,  and t h e  a c t u a l  s o i l  mois ture  d e f i c i t  was n o t  

eva lua ted  i n  d e t a i l .  This  example does p o i n t  t o  t h e  p o s s i b l e  u t i l i z a -  

t i o n  of i r r i g a t i o n  modeling. 

DEFINITIONS: 

I n  Plarch ZL978, an informal  conEerence on Surface  I r r i g a t i o n  

Modeling w a s  he ld  aL the  U, S .  Wacer Conservation Laboratory.  The 

conference part i .c ipanes agreed on t h e  fol lowing d e f i n i t i o n s  o r  ca t e -  

go r i zac ions  f o r  s u r f a c e  i r r i g a t i o n :  
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. Border I r r i g a t i o n :  

A. Basin I r r i g a t i o n  

1. l e v e l  

2 .  Sloping 

B. Sloping Border I r r i g a t i o n :  This  terminology i s  p r e f e r r e d  t o  

graded border ,  A border  s t r i p  i s  t h e  a r e a  of land  i r r i g a t e d .  

1. blocked end: This  method can have vary ing  degrees of 

ponding. The. d i f f e r e n c e  between a ponded, blocked-end 

border  and a  s lop ing  b a s i n  i s  t h e  i n t e n t  of t h e  manager, 

2 ,  open-ended 

a. runoff  l o s t  

b ,  runoff  reused o r  pumped baclc 

II. Furrow I r r i g a t i o n :  

A. Level  Basin Furrow I r r i g a t i o n  

B. Sloping Furrow I r r i g a t i o n :  Again, s l o p i n g  is p r e f e r r e d  t o  

graded. 

1, runoff  l o s t  

2 ,  runoff  reused  o r  pumped baclc 

SUMMARY : 

Continued work wi th  the  z e r o - i n e r t i a  b o r d e r - i r r i g a t i o n  model has  

been ve ry  worthwhile .  The model g ives  r e a l i s t i c  s o l u t i o n s  under a  

wide v a r i e t y  of cond i t i ons ,  It has  been shown t h a t  t h e  model can be  

made u s a b l e  f o r  he lp ing  t o  p rope r ly  manage water  i n  i r r i g a t i o n  borders  

and bas ins .  Dimensional ana lyses  have been u s e f u l  i n  he lp ing  t o  

d i s p l a y  t h e  model r e s u l t s  g r a p h i c a l l y  f o r  e a s i e r  use.  

PUBLICATIONS ; 

1. Clemmens, A. 3, Discussion o f :  "Dimensionless So lu t ions  of 
Borde r - I r r iga t ion  Advance," by N. K. Katopodes and T.  Strel lcoff  
[ Jour .  S r r i g .  and Drain. D iv , ,  Proc . ,  h e r ,  Soc, Civi:l. Eng. - 
103(IR4):4OL-418. 19771. Jou r .  I r r i g .  and Drain.  Div., Proc. ,  
Amer. Soc. C i v i l  Engin- 104(1R3):339-341. 1978. 

2. Clemmens, A ,  S . ,  and i). D, F a n p e i e r .  Discussion o f :  "Border- 
I r r i g a t i o n  Hydraul ics  w i th  Zero I n e r t i a , "  by T. S t r e l k o f f  and 
N. D ,  Katopodes [Sour. L r r i g ,  and Drain. Div.,  Proc . ,  Amer. Soc. 
C i v i l  Engin. 103(2B3):325-342, 19771. Jou r .  T r r i g .  and Drain.  
Div., Proc . ,  h e r ,  Sac, C i v i l  Engin. 1.04(IR3):337-339. 1978. 
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Cl-e~mens,  A,  J. , and T. S t r e l k o f f  . Dimens ion less  advance f o r  
level  b a s i n  i r r i g a t i o n .  J o u r ,  I r r i g .  and Drain.. Div, ,  P r o c . ,  
Amer. Soc. C iv i l  Engin,  ( I n  p r e s s ) .  

Clemmens, A,  S ,  V e r i f i c a t i o n  o f  the z e r o - i n e r t i a  model f o r  b o r d e r  
i r r i g a t i o n ,  T r a n s ,  h e r ,  Soc . Agr ic ,  Kngi n. (In p r e s s )  . 

E'angmeier , D .. D. , and T, S t r e  l.kof f . Mathcma t i c a l  klode2s and 
Border  I r r i g a t i o n  Design.  P r e s e n t e d  a t  the J u n e  27-30, 1978 
American S o c i e t y  o f  A g r i c u l  t r r r a l  Eng ineers  Sunmer Xee t i n g  , he !.d 
a t  Logan, U ~ a h  (ASAE Tec t in ica l  Paper  No, 78-2007), 

S t r e l k o f f ,  T, Flow with Equil.ibr.ium i n  Border  Sr r iga -c ion ,  
J o u r .  I r r i g .  and Drz n, D i v , ,  P roc . ,  Amcr. Soc,  C iv i l  Engin, 
(I11 p r e s s ) ,  

PERSONNEL: - A l b e r t  S --- Cl_ernnesrs, John fl., Repl-ogle, A l l e n  R. Ded r ick  
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TABLE 1, MAXIr!Ufl APPL CA-~ION EFFICIE~~CIES FOR DRY 
CONDITIONS, 

NAX I PIUM EFF I C I ENCY (Z) 
--- 

NET 
APPLI CATIQ 

NET 
APPLIICATIQ 

11 ET 
APPLICATION 
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TABLE 2 

MUM EFFICIENCY (x) 
- 

NET -- 
APPLICATION 5 -- ---- --- 

7 --- ---_^ _--- - --- -- -- 
NET --- 

APPLICATION 5 15 23 
--- 

10 - -- 

Annual Report of the U.S. Water Conservation Laboratory



Figure I. Level basin appAieation efficiencies (RE) representing 

variations in inEil~ration and soii moisture deficit, a - 0-5 .  
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F i g u r e  2 .  Level basin application efliciencies (AE) representing 

variations in f lo ra  rate and field length, a = 0 - 5 ,  
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Ffgure  3. Curnulatij-n infiltration functions for wet (V) and dry (D) conditions on McDomx.1- 
NcElhaney f am, Annual Report of the U.S. Water Conservation Laboratory



TITLE: COMPUTER SIMULATION OF GREENHOUSES 

NRP : 20760 CRIS WORK WIT: 5510-20760-001 

CODE NO.: Ariz.-WCL 70-1 

S WPLc\IPLY : 

Progres s  w a s  made i n  w r i t i n g  and debugging sub rou t ines  f o r  t h e  
I I modular energy balance" (MEB) program. A s  descr ibed  i n  t h e  1977 

Annual Report ,  t h e  modules o r  sub rou t ines  each s imu la t e  t h e  perform- 

ance of some energy-re la ted  device.  Pa t t e rned  a f t e r  a TWSYS program 

from t h e  Un ive r s i t y  of Wisconsin, t h e  modular energy ba lance  program 

is h i g h l y  v e r s a t i l e  because t h e  use r  s p e c i f i e s  a t  run  t i m e  which of 

t h e  dev ices  h e  wishes t o  i nc lude  i n  a p a r t i c u l a r  run  and how they  a r e  

connected (wires  and p ipes )  t o g e t h e r ,  The program h a s  v i r t u a l l y  no , 

s i z e  l i m i t  a s  implemented on t h e  UStJCL minicomputer because t h e  sub- 

r o u t i n e s  are s t o r e d  on t h e  d i s k  a s  overl-ay modules. 

During t h e  p a s t  yea r ,  a "simple" greenhouse model. sub rou t ine  was 

debugged. I n  t h i s  model, on ly  s o l a r ,  wal .1  conduction, v e n t i l a t i o n  and 

e x t e r n a l  ( i . e . ,  h e a t e r )  f l u x e s  a r e  considered.  The greenhouse d ry  bu lb  

a i r  tempera ture  i s  computed n o n - i t e r a t i v e l y ,  s o  t h i s  r o u t i n e  shoulcl b e  

u s e f u l  when f a s t ,  crude e s t i m a t e s  of energy use  a r e  needed, 

Also a "complicated" model greenhouse was debugged which w a s  

based on t h e   cath he ma tical greenhouse model developed a t  t h e  s t a r t  of 

t h i s  p r o j e c t .  The model computes o u t s i d e  cover  temperature,  i n s i d e  

cover  tempera ture ,  v e g e t a t i o n  temperature,  s o i l  temperature,  a i r  temp- 

e r a t u r e ,  and a i r  humidity r a t i o .  It can be  used t o  o b t a i n  a d e t a i l e d  

energy ba l ance  invo lv ing  more than  20 f l u x e s  of h e a t  and mois ture ,  

A mathematical model of a n i g h t  sky r a d i a t o r  w i t h  a s e l e c t i v e  

s u r f a c e  was developed, and the  corresponding sub rou t ine  debugged. It 

w i l l  b e  used t o  p r e d i c t  t he  f e a s i b i l i t y  of such a device  f o r  dumping 

excess  greenhouse h e a t  t o  t h e  n i g h t  sky. 

Another sub rou t ine  has been w r i w e n  bu t  n o v e t  debugged t o  simu- 

l a te  t h e  performance of a i r  t o  water  h e a t  exchangers t h a t  can a l t e r -  

n a t i v e l y  b e  wet o r  dry a s  would b e  t h e  ca se  dur ing  a d i u r n a l  c y c l e  i n  

a greenhouse. 
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The l i s t  of devices  f o r  which sub rou t ines  have been w r i t t e n  now 

inc ludes :  r eade r ,  i n t e g r a t o r ,  p r i n t e r ,  thermosta t ,  d i f f e r e n t i a l  

t he rmos ta t ,  pump o r  f a n ,  tee-diverter-mixer ,  d ry  h e a t  exchanger, wet 

h e a t  exchanger,  s o l a r  c o l l e c t o r ,  water  tank,  t ime Eunction, r e s e r -  

v o i r ,  s imple  greenhouse, complicated greenhouse, h e a t e r ,  and n i g h t  

sky r a d i a t o r .  

PERSONNEL: B, A. Kimball .- 
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TITLE : GROWTH AND YIELD OF' J O J O B A  (SIkMONDSlA CEINENSIS (LINIQ ------ 
SCENEIDER) ON RUNOFF-COLLECTING MICROCATCIPfENTS 

NRP : 20760 CKIS 'EJORK UNIT: 5510-20760-001 

CODE NO. : USWCL 73-4 

INTRODUCTION : 

For background i .nfonnation, r e f e r  t o  t h e  Annual Reports  from 

1973 through 1977- Three papers  sum~narizing t h e  s tudy  a r e :  (1) 

"Growth and Yie ld  of Jo joba  P l a n t s  i n  Nat ive Stands Using Micro- 

catchments," by W. L a  E h r l e r ,  D ,  Ha Fink, and S. T. Wi tche l l .  1.975, 

Agron, J. 70:1005-1.009; (2) "'Yield Improvement of Jo joba  by Runoff 

Farming," by W. La Ehr l e r  and D, H a  Pink. 1978. Proc.  o f  t h e  Thi rd  

I n t e r n a t ,  Conf. on Jo joba ,  Rivers ide ,  C a l i f o r n i a  (In p r e s s ) ;  and (3) 

"Runoff Farming f o r  Jojoba,"  by D ,  H, Fink and W e  L, E h r l e r ,  1978, 

Proc.  of t h e  I n t e r n a t ,  Ar:id Lands Conf. on P l a n t  Resources,  Lu'bboclc, 

Texas ( I n  p r e s s ) .  

PROCEDURE : 

R a i n f a l l  and runoff  were measured f o r  every s torm throughout t h e  

yea r .  P e r i o d i c  measurements were made throughout t he  year  of s o i l  

mois ture  w i t h  t h e  neut ron  meter and of p l a n t  water  p o t e n t i a l  w i t h  che 

Scholander p re s su re  chamber, bo- thsers  of d a t a  be ing  taken s imultane-  

ous ly  on .the same p l o t ,  Seed y i e l d  was obta ined  by hand p i ck ing  i n  

June  and p l a n t  canopy volume was measured i n  November, 

RESULTS : 

Runoff a s  Rela ted  t o  R a i n f a l l  and S o i l  Treatments.  Although t h e  

sutnmer r a i n f a l l  of 1978 (July-September) was about  average,  t h e  f a l l  

r a i n f a l l  i n  t h e  f i r s t  t h r e e  monrhs of t h e  1978-1979 growing season 

(October-December) equa l l ed  o r  exceeded Ehe normal y e a r l y  average f o r  

t h e  s i te  (Table I.), Treatment T continued t o  g ive  a h igh  runof2 2 
e f f i c i e n c y ,  averaging  89% runoff  over t h e  whole yea r ,  wkich r e s u l t e d  

i n  a water  d e l i v e r y  t o  t h e  p l an t  almost s i x  t imes t h a t  rece ived  as 

r a i n f a l l  by t h e  c o n t r o l .  Tlzis va lue  c o n t r a s t s  w i th  t h e  52% f i g u r e  Eor 

T (which had been converted t o  a clay-NaCl t rea tment  i n  August 3.977). 
1 

The runoEf percentage f o r  T i s  only moderately h ighe r  t han  t h e  mean I 
va lue  f o r  bare  s o i l .  Never the less ,  from October-June t h e  T 

1 
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t rea tment  d e l i v e r e d  over  f o u r  times a s  much water  t o  t h e  pl.ant a s  t h e  

c o n t r o l  r ece ived  (883 v e r s u s  211 mm), a s  compared w i t h  an  average  of 

t h r e e  t i m e s  a s  much i n  prev ious  y e a r s  w i t h  b a r e  s o i l .  

S o i l  Water S torage  

Neutron meter  r ead ings  taken a t  approximately monthly i n t e r v a l s  

documented a c o n s i s t e n t l y  h igher  s o i l  water  conten t  (O ) i n  t r e a t -  
v  

ments T  and T than  i n  t h e  c o n t r o l  (T ) during most of t h e  f lower ing  
1 2 0  

and f r u i t  s e t t i n g  season,  i . e . ,  Erom about  mid-February t o  mid-Pky 

(F igu re  I ) .  No s i g n i f i c a n t  d i f f e r e n c e s  were apparent  i n  O between T v 1 
and T2, d e s p i t e  t h e  cons iderably  g r e a t e r  amount of water  d e l i v e r e d  t o  

t h e  p l a n t  i n  T  p l o t s ,  I n  s p i t e  of t he  e x t r a  w a t e r  s t o r a g e  In T and 
2 1 

T2, O i n  a l l  t h r e e  t r ea tmen t s  underwent t h e  usua l  p r e c i p i t o u s  de- 
v  

c r e a s e  Erom mid-February t o  ha rves t  t ime i n  l a t e  June,  No measure- 

ments were made dur ing  t h e  summer r a i n s .  The win te r  r a i n s  brought O v 
up t o  f i e l d  c a p a c i t y  i n  a l l  t rea tments ,  bu t  w i th  a  cons ide rab le  l a g  

f o r  t h e  c o n t r o l s .  

P l a n t  FJater P o t e n t i a l  

P l a n t  water  p o t e n t i a l  (Y ) d a t a  (Figure 2) r e i n f o r c e  t h e  
p l a n t  

p a t t e r n  shown e a r l - i e r  i n  O v i z .  ., t h a t  t h e  l e v e l  of pl.ant hydra t ion  v 
was g r e a t e r  i n  T and T than  i n  To. The d i f f e r e n c e s ,  a l though n o t  

I 2 
l a r g e ,  were c o n s i s t e n t  over  t h e  whole fl.owering and f r u i t i n g  season ,  

and were i n  t h e  same o r d e r  a s  t h e  f i n a l  seed y i e l d :  g r e a t e r  hydra t ion  

and seed y i e l d  as O i n c r e a s e d ,  S u f f i c i e n t  numbers of s imultaneous 
V 

measurements of Y and Ov were made t h a t  a  r e g r e s s i o n  l i n e  ~ 7 a s  
stem 

drawn through che p l o t t e d  d a t a  p o i n t s  (Figure 3 ) .  The d a t a  show 

t h a t  ~naxi~num p l a n t  hydra t ion  ( l e a s t  nega t ive  va lue  of Y ) occurs  stem 
when O i s  around l2X ( t h e  f i e l d  capac i ty ) .  Only s l i g h t  decreases  i n  

v  
Y! occur  w i t h  dec reases  i n  O u n t i l  about 6%, below which p o i n t  

stem v  
Y decreases  s t e e p l y  wi th  f u r t h e r  s m a l l  decreases  i n  O u n t i l  

stem v 9  
-80 b a r s  i s  reached (when B i s  3 , 8 % ) ,  This  curve i s  similar i n  

V 

shape t o  t h o s e  f o r  mesophytes. 

P l a n t  Growth --- 
The main t r e n d  obvious i n  t he  growth r a t e  a s  judged by canopy 

volume i s  t h e  h ighc r  r a t e  f o r  T than t h e  o the r  t rea tments  (F igure  4 ) .  2 

10-2 
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Another p o i n t  i s  t h e  d i f f e r e n c e  i n  p l a n t  volume between T and T t h a t  
0  1 

d i d  n o t  appear  u n t i l  1978, co inc id ing  w i t h  t h e  conversion oE T from 
1 

b a r e  s o i l  t o  clay-NaCl i n  Augus? 1977, and t h e  subsequent ga in  i n  

water  d e l i v e r e d  t o  t h e  p l a n t -  

Seed Yield -- 
A s  shown i n  F igu re  5 ,  t h e  seed y i e l d  was s i g n i f i c a n t % y  h igher  -in 

T than  T f o r  t h e  Eirst time. Also, t h e  y i e l d  f o r  T was s i g n i f i -  
1 0 2 

c a n t l y  g r e a t e r  t han  t h a t  f o r  e i t h e r  T o r  To. The y i e l d  per  p l a n t  f o r  
1 

1978 was: To, 74 g; T 3." 
204 g; T2, 282 g ,  each value. be ing  t h e  mean of 

1 0  r e p l i c a t i o n s ,  The maximum y i e l d  was from a T p l o t ,  682 g. In.- 
2 

c r e a s i n g  p l a n t  s i z e  i n  time should s t e a d i l y  contr ibu-te  t o  l a r g e r  

y i e l d s .  

Extension of Runoff Farming t o  Crops Other Than Jo joba  

I. Christmas Trees 

INTRODUCTION: 

The source  of Christmas t r e e s  i n  Arizona i s  almost e x c l u s i v e l y  

impor ts  from o t h e r  s t a t e s ,  primariLy Montana. Jf a method f o r  grow- 

i n g  t h e s e  t r e e s  l o c a l l y  could b e  devised ,  i t  would provi.de more 

income f o r  Arizona growers,  Growth r a t e s  a t d e s e r t  e l e v a t i o n s  s.roulc1 

be f a s t e r  than  i n  t h e  h igh  cvuntry,  b u t  the l a c k  of adequate  r a i n f a l l  

is  a problem. I r r i g a t i o n  is  an  answer, bu t  an  expensive one, srince 

t h e  t r e e s  would have t o  compete ~ i t h  h igh  income crops  l i k e  cotLon 

and c i t r u s  on expensive land and vould r e q u i r e  i n c r e a s i n g l y  c o s t l y  

water .  Growing t h e  t r e e s  on l o v e r  c o s t  land wi thout  i r r i g a t i o n  is 

a n  a t t r a c t i v e  a l t e r n a t i v e  t o  i r r i g a t i o n  i f  adequate  water  can be 

supp l i ed  t o  t h e  c rop ,  and provided t h a t  t h e  crop i s  s u f f i c i e n t l y  

drought  t o l e r a n t  t o  wi ths tand  t h e  i n e v i t a b l e  r a i n l e s s  pe r iods .  Run- 

o f f  farmi.ng is  a method t h a t  ~ m l t i p l l e s  t h e  r a i n l a 1 1  by use  of s l o p i n g  

catchments t h a t  d e l i v e r  e x t r a  water  t o  a  p l a n t ,  t hus  augmenting s o i l  

water  s to rage .  

The p re sen t  status of runoEE farming technology makes i t  l i k e l y  

t h a t  s imple,  low-cost catchments can b e  u t i l i z e d  i n  low r a i n g a l l  

r eg ions  t o  a t t a i n  thc  fast growth r a t e s  c h a r a c t e r i s t i c  of d e s e r t  

c l ima te s ,  thus  l ead ing  t o  t h e  product ion  of a  s u i t a b l e  Christmas t r e e  
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i n  thr;ee ax f o u r  y e a r s ,  Accordingly, a p i l o t  experiment a t  Gran i t e  

Reef w a s  designed t o  test t h i s  hypo thes i s  by growing Christmas t r e e s  

w i thou t  i r r i g a t i o n  i n  a 230-mm r a i n f a l l  r e g i o n  a t  an  e l e v a t i o n  of 

400 meters .  

PROCEDURE: 

The des ign  i s  Eive rows, w i t h  f i v e  p l o t s  per  row, t o t a l i n g  25 
2 

p l o t s ,  4 , 9  m on a s i d e ,  w i th  a  l e v e l  4-in sunken, t r i a n g u l a r  s e c t i o n  

of t h e  squa re  des igna ted  a s  t h e  p l a n t  a r e a  (F igure  6 )  in -which  p l o t  

No.'s 1-25 i n c l u s i v e  a r e  used i n  t h e  p r e s e n t  experiment)-  The rest 
2 

of t h e  squa re  s e r v e s  as t h e  20-m catchment,  which has  s u f f i c i e n t  

s l o p e  t o  d i r e c t  water  t o  t h e  p l a n t .  Thus t h e  r a t i o  of catchment t o  

growing a r e a  i s  t h e  sane  as t h a t  used s u c c e s s f u l l y  w i t h  jo joba ,  5:1, 

The t r ea tmen t s  c o n s i s t  of d i f f e r e n t  types  of coa t ings  on t h e  catch-  

ments,  as fo l lows:  (1)  ba re ,  smoothed, compacted s o i l ,  (2) p a r a f f i n  

wax, known t o  have a  runoff e f f i c i e n c y  of 90%, and (3) clay-NaCl, ex- 

pec ted  t o  have about  50% runoff  e i f i c i e n c y ,  A E e r t i l i t y  v a r i a b l e  

w i l l  be i n i t i a t e d  a f t e r  t h e  trees begin  f a s t  growth, c o n s i s t i n g  oE 

f i v e  p l o t s  i n  each of t reatment  No.'s 2  and 3 t h a t  w i l l  be  g iven  

n i t r o g e n  E e r E i l i z e r  and f i v e  o t h e r s  3.ef-c u n f e r t i l i z e d .  The t r e e s  

w i t h  t h e  b a r e  s o i l  catchment w i l l  no t  be f e r t i l i z e d ,  

Seedl ings  obta ined  from t h e  Arizona S t a t e  Land Department were 

t r a n s p l a n t e d  t o  t h e  Gran i t e  Reef t e s t  s i t e  t o  a g r a v e l l y  s o i l  of low 

water  ho ld ing  c a p a c i t y  on 24 February 1978, w i t h  one s e e d l i n g  per  

p l o t .  The mean h e i g h t  ws 1 5 , l  cm w i t h  a  mean s t e m  diameter  of 1.60 

. Each was i r r i g a t e d  wi th  1 0  R of water  i m e d i a t e l y  a f t e r  erans- 

p l a n t i n g .  A w i r e  mesh baske t  w i t h  a  f l a p  of bu r l ap  on t h e  t o p  was 

p laced  over  each s e e d l i n g  f o r  p r o t e c t i o n  from animals and sunshine  

a t  noon. Neutron meter acces s  t ubes  were i n s t a l l e d  t o  a dep th  01 

140 cm i n  a l l  f i v e  p l o t s  i n  t h e  t h i r d  row, w i th  each of t h e  f i v e  

treakments being r ep resen ted ,  On 30 June c l a y  and NaCl were incor -  

pora ted  i n  t h e  upper  2 crn of s o i l  of t h e  catchments a t  the  r a t e  oE 

63.5 T/ha and 11.4 T/ha, r e s p e c t i v e l y ,  i n  10 oE the  25 p l o t s ,  Tensi- 

ometers were i n s t a l l e d  i n  two p l o t s  a t  depths of 15  and 30 cm. The 

p l a n t s  were i r r i g a t e d  by hand u n t i l  t h e  summer r a i n s  began, I n  
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a d d i t i o n  t o  t h e  i n i t i a l  i r r i g a t i o n  a t  t r a n s p l a n t i n g ,  lo-% i r r i g a t i o n s  

w e r e  g iven  Qn t h e  fo l lowing  d a t e s :  3 ,  16,  and 30 May, and 1 4  June. 

A low berm was cons t ruc t ed  around each p l a n t  t o  conEine t h e  water  
2 

p r i m a r i l y  t o  a 5000-em a rca ,  such t h a t  the  a p p l i c a t i o n  of 10 R 

amounted t o  20 mm of water .  On 1 9  September 10  p l o t s  were sprayed 
2 

w i t h  a mix tu re  of melted p a r a f f i n  @ 0.5 kg wax/m and an a n t i s t r i p p i n g  

agent  t o  dec rease  t h e  amount of p a r a f f i n  t o  one-half the u s u a l  r a t e .  

Between t h e  t r a n s p l a n t i n g  d a t e ,  24 February and 25 J u l y ,  when a l l  

p l o t s  were compacted w i t h  a mechanical vibrator-compactor ,  p l a n t s  on 

t h e  1 5  p l o t s  wi th  u n t r e a t e d  catchments became e s t a b l i s h e d  w i t h  100 nun 

of i r r i g a t i o n  w a t e r  and a t o t a l  02 390 mm of runoff  ( i nc lud ing  t h a t  

from the  50-mm r a i n  t h a t  f e l l  on 24 J u l y ,  t hus  pe rmi t t i ng  good compac- 

t i o n  t h e  fo l lowing  day) .  The runoff  was e sc i~na ted  assuming t h a t  t h e  

b a r e  s o i l  catchments c o l l e c t e d  t h e  same percentage  of rai.nEal.1 a s  a  

l a r g e  p l o t  of b a r e  s o i l  nearby which was a c c u r a t e l y  monitored, The 

1 0  p l o t s  t h a t  were t r e a t e d  wi th  c l a y  and N a C l  on 30 June  may have 

c o l l e c t e d  somewhat more than 390 mm of r a in . f a l2 ,  b u t  probably not  ve ry  

much more, because they  had n o t  been compacted y e t .  

The heavy r a i n - f a l l  j u s t  beiz'ore t h e  p l o t s  were compacted (50.7 mm 

on 22 J u l y  and ano the r  5 - 3  ~ r n  on 24 Ju ly )  and subsequent r a i n s  of 

18.5 mm on 2 August arid 6.6 mu on 3 August r e s u l t e d  i n  a  reasonably 

h igh  v a l u e  of vo1~metri.c. s o i l  water  conten t  (O ) i n  a l l  f i v e  t r e a t -  
3 v 

ments, ranging  from 0.12 t o  0.19 cm /cm3 (Figure  7 ) .  Af t e r  a  long 

drought ,  O decreased t o  low l e v e l s ,  ranging f r o n  0.048 t o  0.109 
3 3 v 

cm /cm 011 5 October,  d e s p i t e  two sma l l  r a i n s  ( 6  mm on 16  September 

and 4 mm on 23 September). The O d a t a  f a r  26 October were somewhat v 
h ighe r  i n  t h e  b a r e  s o i l  and c l a y  p l o t s  t han  on 5 October,  due t o  two 

r a i n s ,  10.7 nlm on 2 1  and 22 October and 5.1mrn on 24 Ocrober, By 

c o n t r a s t ,  O f o r  t he  two p l o t s  w i th  wax catchments,  which had been v 
t r e a t e d  on 20 September, .were d r a m t i c a l l y  h ighe r  (0.236 and 0,171, 

an average i n c r e a s e  of 0.12 from the  previous measurement), This  

d i f f e r e n c e  .in s o i l  wa-ter s t o r a g e  r e f l e c t s  the h igh  rrmoff e f f i c i e n c y  

of p a r a f f i n  wax a s  compared t o  c l a y  o r  ba re  s o i l  catchments.  I f  one 

uses  t h e  90% efEic iency  obta ined  r epea t ed ly  wi th  wax i n  o t h e r  t e s t s ,  

Annual Report of the U.S. Water Conservation Laboratory



I 

t h e  c a l c u l a t e d  runoff  from t h e  20-m 
2 

r a i n  on 21 and 22 October.  Provided 

growing a r e a  was evenly d i s t r i b u t e d ,  

good i r r i g a t i o n .  A t  t he  time of t hc  

catchment was 193 R from the  

t h a t  t h e  water  de l ive red  t o  t h e  

t h e  t o t a l  increment was 59  mm, a  

l a s t  measurement of t h e  y e a r ,  on 

2 1  November, t h e  wax t r ea tmen t s  had t h e  h i g h e s t  O t he  c l a y  t h e  low- 
v ' 

e s t ,  and, s u r p r i s i n g l y ,  t h e  b a r e  s o i l  a n  in t e rmed ia t e  l e v e l .  

Twelve of t h e  25 p l a n t s  developed a need le  burn dur ing  t h e  

summer, and t h e  p l a n t  i n  P l o t  No. 9 d i ed .  It was rep laced  w i t h  one 

from t h e  o r i g i n a l  s t o c k  of p l a n t s  t h a t  had been kept  i n  t h e  greenhouse, 

On 5 October a  v i s u a l  r a t i n g  i n d i c a t e d  t h a t  16  of t h e  25 t r e e s  were 

showing s i g n i f i c a n t  need le  e longat ion .  

CONCLUSIONS: 

It i s  encouraging t h a t  24 of t h e  25 t r a n s p l a n t s  surv ived  t h e  

summer w i t h  only f o u r  s m a l l  i r r i g a t i o n s  (20 mm each) beyond t r a n s -  

p l a n t i n g .  Above average  r a i n f a l l  probably helped s u r v i v a l ,  Never- 

t h e l e s s ,  t h e  low s o i l  water  con ten t  i n  e a r l y  October ,  t h e  deve2opme~tx'. 

of a  l e a f  burn, and t h e  dea th  of one p l a n t  a l l  at test  t o  t h e  environ- 

mental  a d v e r s i t y  of t h e  Gran i t e  

Quet ta  p i n e  has  l i v e d  up t o  i t s  

weather  warms up, growth should 

p r e s e n t  a long  the  t runk  of each 

II. H o r t i c u l t u r a l  Crops 

INTRODUCTION: 

Reef s i t e .  It thus  appears  t h a t  t h e  

reputed  drought t o l e r a n c e .  When t h e  

a c c e l e r a t e  from numerous meristems 

t r e e .  

I s r a e l i  exper ience  showed t h a t  under c e r t a i n  cond i t i ons  runoff  

farming can be  app l i ed  t o  c rops  o t h e r  than  d e s e r t  n a t i v e s ,  e .g . ,  

a p r i c o t s  and peaches. It was decided t o  s e t  up a demonstrat ion p l o t  

w i t h  s e v e r a l  k inds  of h o r t i c u l t u r a l  crops i n  an a t tempt  t o  f i n d  

v a r i e t i e s  adapted t o  t h e  r i g o r s  of runoff farming under sou the rn  

Arizona d e s e r t  cond i t i ons .  

PROCEDURE : 

A p l o t  of ground a b o u t l o  x 36 m was c l e a r e d  w i t h i n  t h e  fenced 

jo joba  experimental  a r e a  a t  Usery Pass .  A sma l l  t r a c t o r  ( " ~ o b c a t " )  

was used t o  c o n s t r u c t  a  b lock  of 1 2  p l o t s  (each 4.89 m on a s i d e )  

w i t h  about a 5% s l o p e  from t h e  edges toward t h e  c e n t e r  of t h e  p l o t  
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and a n  o v e r a l l  5% s l o p e  a t  r i g h t  ang le s  t o  t h e  s l o p e  of t h e  i n d i v i d u a l  

catchments (F igure  8 ) .  Excavation t o  a  depth  of  10  cm oE a semi- 
2 

c i r c u l a r  a r e a  a t  one edge of t h e  squa re  provided a  4-m , l e v e l  p l a n t  

growing a r e a  which rece ived  e x t r a  r a inwa te r  from t h e  catchment formed 

by t h e  rest of t h e  p l o t .  ThereEore, t h e  r a t i o  of catchment t o  growing 

a r e a  w a s  5 : l ,  t h e  same a s  had been used s u c c e s s f u l l y  e a r l j e r  f o r  

j o joba  a t  Usery Pass  and was be ing  used concur ren t ly  f o r  Quet ta  p i n e s  

a t  Gran i t e  Reef. 

There w e r e  two rows, each w i t h  s i x  p l o t s  and a p a t h  between t h e  

rows t h a t  had t h e  dua l  func t ion  of providing acces s  t o  and d ra inage  

of excess  water  away Erom the  exper imenta l  p l o t s .  Transplan t ing  was 

on 3 1  January 1978. I n  a d d i t i o n  t o  a 5-gallon s i z e  o l i v e  t r e e ,  t h e r e  

were t h e  fo l lowing  b a r e  roo t  p l a n t s :  g rape  (Black Monukka, P e r l e t t e ,  

and Card ina l ) ,  f i g  (Black Miss ion) ,  almond (Texas Mission, N e  P l u s  

~ l i r a ,  and Nonpare i l ) ,  pomegranate (Wonderful), a p r i c o t  (Royal) ,  and 

peach (Desert  Gold).  On 8 February,  a  r o o t  sp rou t  of a  j u jube  t r e e  

was dug from an  orchard  and t r ansp lan ted  t o  t h e  remaining exper imenta l  

p l o t  a t  Usery Pass .  Tensiometers were i n s t a l l e d  i n  t h e  p l o t s  of grape  

(Card ina l  on ly)  and peach a t  depths  of 15,  30, and 60 cm, 

P l a n t  P r e p a r a t i o n ,  I r r i g a t i o n ,  and F e r t i l i z a t i o n ,  Condit ions 

were f avo rab le  f o r  t r a n s p l a n t i n g  on 3 1  January,  s i n c e  a  l i g h t  r a i n  

was f a l l i n g .  To h e l p  i n s u r e  t h a t  t he  r o o t s  made good c o n t a c t  w i t h  

s o i l ,  each oE t h e  11 p l o t s  was i r r i g a t e d  wi th  22 R of r a i n  water  

c o l l e c t e d  i n  b a r r e l s  a t  t h e  jo joba  s i t e .  The same amount of t a p  

water  from t h e  Laboratory was used on 8 February t o  i r r i g a t e  t h e  

ju jube  p l a n t  a f t e r  i t  was t r ansp lan ted .  Rain was adequate  du r ing  t h e  

sp r ing .  However, by 3 A p r i l  t h e  a p r i c o t  w a s  w i l t i n g ,  and it w a s  

i r r i g a t e d  wi th  3.9 R of runoEf water .  Subsequent i r r i g a t i o n s  were 

g iven  t o  the  p l a n t s  on t h e  fo l lowing  da t e s :  3 A p r i l ,  19 t o  the  

a p r i c o t ;  26 A p r i l ,  20 R t o  a l l  1.2 p l o t s  t o  s o l u b i l i z e  t h e  ammonium 

s u l f a t e  (9.8 g N per  p l o t )  broadcast  over t h e  growing a rea ;  1 6  May, 

20 R t o  a l l  p l o t s  t o  s o l u b i l i z e  t h e  added ammonium s u l f a t e  (9.8 g N 

pe r  p l o t )  and phosphoric a c i d  (4 .5  g P per  p l o t )  ; and 20 J!, p e r  p l o t  

on 30 May, 14 June,  and 1.7 J u l y .  No f u r t h e r  i r r i g a t i o n s  were given.  
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On 25 July., a f t e r  a 13-mrn r a i n ,  a l l  p l o t s  were conipacted w i t h  a mech- 

a n i c a l  vibrator-compactor .  

RESULTS : 

On 8 February sma l l  buds appeared on t h e  pomegranate and peach, 

Growth was i n i t i a t e d  a t  d i f f e r e n t  t i m e s  among t h e  o t h e r  s p e c i e s ,  birt 

by 23 March a l l  p l a n t s  had l e a f e d  o u t .  By June s e v e r a l  p l a n t s  had 

been damaged by p e s t s ,  i nc lud ing  t h e  e a t i n g  of l e a v e s  of t he  grape  

v i n e s ,  appa ren t ly  by r a b b i t s ,  c u t t e r  bee l e a f  damage t o  t h e  peach, 

and l e a f  consumption by grasshoppers  on s e v e r a l  t r e e  s p e c i e s ,  The f i g  

developed a l e a f  burn. By 11 August t h e  a p r i c o t  and peach were l e a f -  

less, due p a r t l y  t o  drought ,  b u t  probably more t o  grasshopper  damage; 

t h e s e  two s p e c i e s  d i d  no t  su rv ive .  A f t e r  being enclosed i n  w i r e  

cages,  t h e  grapes  regenera ted  a new canopy. 

Measurements made of t h e  s o i l  water c o n t e n t ' ( @  ) t o  a depth  of 
v 

140 cm showed no s ign i . f i can t  d i f f e r e n c e s  between t h e  two s p e c i e s  

chosen t o  r e p r e s e n t  t h e  whole a r e a ,  t h e  peach and t h e  Card ina l  grape. 

The average  O f o r  t h e s e  two i n d i c a t o r  p l o t s  was a s  fo l lows:  18  Au- v 
g u s t ,  0.10; 5 October,  O.OSG; 26 October,  0.1-34; 21November, 0.124, 

Although only  t h e  reading  f o r  5 October was low enough t o  have caused 

a water stress, it is Likely t h a t  O had decreased t o  low v a l u e s  in 
v 

May and June.  The combination of water  s t r e s s  and p e s t  damage r e -  

s u l t e d  i n  a s t r e s s f u l  environment. 

CONCLUSIONS: 

The f a c t  t h a t  10  of t h e  1 2  p l a n t s  survived the  f i r s t  y e a r  i s  a 

r e f l e c t i o n  of t h e  ha rd ines s  of t h e  s p e c i e s  chosen f o r  t h i s  t e s t ,  Now- 

eve r ,  mere s u r v i v a l  i s  n o t  s u f f i c i e n t .  The test should be  cont inued 

u n t i l  E r u i t  product-ion is  achieved.  

PERSONNEL: W. L. Ehr l e r  and D. H. Fink 
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2 
Table 1. Rainfall-runoff accumulated on 4-m plant growth areas by the three 

catchment treatments (T T ) by season (3 months summer rain- 0' T1) 2 

fall season and 9 months growth and fruiting season). 

July-September 
11 October-June-- 12-Month Total 

Period To T~ T2 To T 
- 1 T2 0 Tl 2 

I/ Experiment started in NoveEber 1973; no rain was recorded for October 1973 
at a nearby weather ststion, 

( ) 1978' data only; six months data of 1979 not included. 
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t h e  runon a r e a ,  i n t e g r a t e d  over the depths  of 20 t o  140 em, by t r ea tmen t s ,  i n  

response t o  t h e  i n d i c a t e d  amounts of r a i n f a l l ,  
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I i I I - 
J O J O B A  AT U S E R Y  'ASS 

I 
H A R V E S T  

Figure  2.  The y e a r l y  course  oE t h e  mid-morning p l a n t  water  

p o t e n t i a l  oE jo joba ,  by t r ea tmen t s  ( i n  response  

t o  the  i n d i c a t e d  amounts of r a t n f a l l )  , 
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Figure  3 ,  Values oE t h e  stem water  p o t e n t i a l  (Y ) as a f u n c t i o n  
stem 

of t he  soil water conten t  (0, ) averaged over  t h e  20-140 
v 

cm depth.  Included a r e  d a t a  from n i n e  p l a n t s  ( t h r e e  

p l a n t s  f o r  each of t h e  t h r e e  t r ea tmen t s  T O, T19 and 

T ) from 10  sampling d a t e s  extending from 28 June 1977 2 
t o  20 June 1978. 
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Figure 4. Jojoba canopy volumes from 8 November 1 9 7 3  through 29 June 1978 ,  

by t rea tments ,  

Annual Report of the U.S. Water Conservation Laboratory



Figure  5 ,  Jojoba seed y i e l d  i n  1 9 7 4 ,  1977 ,  and 1 9 7 8  as a func t ion  of t r ea tmen t .  
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RUNOFF FARMING PLOTS FOR QUETTA PINES - ---- - 

A R E A  

F igu re  6.  P l o t  diagram f o r  t h e  Quetta P ine  experiment a t  Gran i t e  
2 2 

Reef, showing a 20-m catchment and a 4-m growing a r e a  

providing a p l a n t i n g  s i t e  f o r  one t r e e  i n  t h e  cen te r  of 

t h e  t r i a n g l e ,  
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J A N  FEB 

QUETTA PINES AT GRANITE REEF 
TOTAL RAINFA1,L FOR 1 9 7 8 A A S  540 m m. - --- 

Fign rc  7 .  ~ i e  y e a r l y  c o u r s e  o f  s o i l  w a t e r  c o n t e n t  a t  t h e  20 cm d e p t h  a s  a f f e c t e d  by (1) t y p e  of 
c a t c ~ m e n t :  two each  o f  wax and c l a y  and one or' b a r e  s o i l ;  (2)  r a i n f a l l ,  and (3) i r r i g a t i o n .  

Annual Report of the U.S. Water Conservation Laboratory



HORTICULTURAL CROPS USED FOR 
RUNOFF FARMING KT USERY PASS -- - -- - .- - - -- - -- - - - 

S U N K E N  ---, 
GROWING 
AREA 

CATCHMENT------- 

OLIVE \ ALMGiGD 

7-- 
ALtJIOND 

7 
FIG 

7 
G R A P E  

7- 
G R A P E  -- 

i 
G R A P E  
-- 

F i g u r e  8. P l o t  d iagram f o r  t h e  p i l o t  Lest of runof f  f a rming  w i t h  

h o r t i c u l t u r a l  c r o p s  a t  Usery P a s s ,  showing a 20-m 2 

2 
catchment  and a 4-m , compact growing a r e a  w i t h  s p a c e  f o r  

a c e n t r a l l y  l o c a t e d  p l a n t .  
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Research conducted under t h i s  oucUne  cons i s  tecl of relating 

s p e c t r a l  r e f l e c t a n c e s  and canopy t empera tures  t o  crop water  stress 

and y i e l d s ,  Experiments were conducted a t  two s i t e s ;  

and at the  USWCL at Phcenix. F i e l d  a s p e c t s  of thc  Phoenix exper i -  

r r and one v a r i e t y  of t he  crops w e r e  p l an t ed  a c r o s s  

i r r i - g a t i o n  p l o t s  s o  tka t  che three v a r i e c i c s  rece ived  6 ai f f  e s e n t  

i r r i g a t i o n  t r ea tmen t s ,  rangkig f rom well wtered to no irrigations, 

A t  Dunnigan, a 720-acre farm l a n t c d  c n t i r e l y  t o  Briggs ba r l ey  xiifis 

used f o r  ex t ens ive  ground and a i r b o r n e  temperatiare nieasurements~ 

Th i s  experiment was planned i n  conjrrzlction wi t12 the Heat Capacity 

ha rves t ed .  The eqeri~i_ra+il ts will be discussed  in three parts :: (A) 

S p e c t r a l  r e f l e c t a n c e  expi3rimen~s a t  Phoenix; (13) Temperature-yield 

r e l a t i onsh - lps  a t  P h o a ~ i r <  cad  (C) The Ijunnigan cixperiment 

PART A: 

g r a i n  crops i n  tlhe f o u r  Landsat wavehands (MSSLr, 0.5 t o  0.6 urn; 

MSSS, 0 , 5  t o  0-7 jim; KSS 0-7 to 8.8 ~m; MSS7, 0.8 t o  1 + l  urn) us ing  

a hand-held r a d i t m e t c r  (Zxo t ~ c h  Model. LOW, l .TQ P=5,V, ) , 

p l a n t i n g  r a t e s  in 1977 ,  a-7:711 di.Efe:ren.ti.al. i r r i g a t i o n  regimes du r ing  

both y e a r s .  
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Midway between emergence and heading lin 1977 and 1978,  d a i l y  

measurements of crop s e c t r d l  r e f l e c t a n c e s  were i n i t i a t e d -  nata 

were o b t a h e d  berwe.cn 0920 and 0440 h ( S T )  on most c l e a r  days;  and 

r eE lec t ances  i n  each waveband were ca l cv la rnd  a s  ratios o f  r c f l ec t ec l  

t o  i n c i d e n t  l i g h t ,  as determine by f requent  measuremen ts of  re-- 

Elec ted  rac l ia t ion  from a h o r i z o n t a l  barium su? f a t e  ref I e c ~ a n c e  

s t anda rd .  The measurements were cont inued u n t i l  a f  cc r  canopy serxes- 

cence i n  a11 l o t s ,  F i n a l  g r a i  ds  were d e t e  i a e d  by hand-bar- 
2 

v e s t i n g  The a r e a s  of  each p l a t  ca, 24 m ) that w e r e  regu1arl.y viewed 

wi th  t h e  r a d i  ome: er , 

Work is in progress on dzveloping basic r e l a t i o n s h i p s  between 

t h e  s p e c t r a l  re*r?ectm.ce m.$aslnremects and b a s i c  agrono~nic parameters  
* 3 such a s  l e a f  area mwx (LC), biomass and heno log ica l  stages o f  

growth* To P t e  two models ~JW?. been dcvel-ape 

g r a i n  yield.  f roc1 171c ieniporai  pattern of s p e c t r a l  r e f  l e c t a r ~ c c s  . 
One such zppri ie~ch LO p i e d i c t l n g  y i e l  is snlrmar2zed En a manu- 

s c r i p t  nov i n  p r e s s :  

Zdso, S, B, , P ~ n c e r ,  P, J, , Jr, , Jackson, R. D, , an 
P .LC, J ,  :: bst in,a tiili; of grain y i e l d s  by remole sens ing  of 

cro2, senesccrce I - ~ L L C Z S ,  R C ~ P I O ~ C  Serlsing 07" Envi romnent, 

Th i s  model vses ~ i i ~ ~ ~ l o ~ i ~ i l ~ i  riege t a  t i o n  j-ndex, ' lVT6, which  was calcu-2 

l a t e d  from the r e f l c c  mzlc,os osC TSands 5 and 6 d u r i n g  the 

canopy senescence -------- --- 

TV16 was chosen because i t  is  h i g h l y  i n  i c a t i v e  of green  l e a f  

a r e a  index  an  is t hus  responsive Lo t h e  Isss of &laroplxy11 and the 

browning o f  t h e  crop t ha t  B C C Q F ~ ~ Z I ~ ~ S  senescence,  bJe observed t h a t  

t h e  h i g h e s t  y i e l d i n g  ggrabv c rops  were i r ~ v a r i a b l y  those  that sexresced 

most r a p i d l y ;  and when .ie used the average d a i k  ck~ange i n  TVLG as 

an o b j e c t i v e  measure or' Lhe rate of senescence (Table 1) we found a 

good c o r r e l a t i o n  with i i n a l  yield (Fig.  1 ) .  Stak-.iscical tcsils showed 
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no s ign- i f  i c m t  di i - fe rence  between r e s u l t s  observed f o r  Prodcara wheat 

i n  1977 o r  1978, s o  we p u a i c  $3 L4 Pro dura ~dzea t 

a conmion r e g r e s s  ion ? _ h e  which i s  sboim. i n  Fig .  1. L-ikewisc, we 

Eouad no s t a c i s  ilical d i f  f crxcc hcL~acr?n s c p a r a t ?  TC?~TESS ions 33x1 OLI 

b o t h  t h e  Anza wheat and Briggs bdriey d a t a  and that OF the  Proc?ur^a 

wheat. Thus, i c  i s  o s s i b l e  t h a t  a s i ng l e  r e l - a t i onsh ip  between serxes- 

cence r a t e  and f i n a l  yleLd may adequately apply  to a l l  tbrec crops, 

a l though a ntlrir wider  y i d d  range of Anza and r i g g s  cultivars is 

needed to substantiate this 

The second y i e l d  n w d e l  uses c~nutlier v q  e r a ~ i o r ,  4ndcr 

E r o m  r e f l e c t a n c e s  i n  B~XI  7 ehak i s  also c o r r e l a t e d  with the 

greea  l e a f  area index of the canopy- 

When we plotted KD7-5 versus ,~Lic:e a f t e r  plan"Liiig f o r  each o f  our 

exqm5menta.l plots, a consis lent pa ttem emerged that appeare  

latec? w i t h  f inal .  yield, Fig .  2 i l l u s - m a t e s  . t h i s  p a t  t e r n  ai:th data. 

from 4 experimental p l o t s  in 1377, w i t h  a vide ran e i n  grain. y i e l d -  

The h i g h e s t  y i e l  plots where ND w a s  elevate 7-5 
l eng thy  periods; cc?rrverscl.y, lower y5.el.d~ were associated w f t h  a 

reducriort  i n  t h e  index d u r m g  the pe r iod  when graSn iccrnels were 

f  il.l_ing. Such a coi r e l ~ ~ ~ i o n  between ND and y i c  1 is iheore L ical ly 7-5 
sound s i n c e  rhe grearcr the amount of photosynthetically act-ive t i s s u e  

( t o  Which ""D7-', i s very s c n s i  t i ~ J e )  lolLowing heading,  the more phozo- 

s y n t h a t e  is  n v ~ i  l a b l c  l o r  5npirr into Oevejoping kernel s, In f a c t  , 
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heading un ti1 ma turit rr'nus taking into account not only  ~ h e  maxinu3 

LA1 but also i L s  persisrencc during the grain filling period, 

We rook an a proach chat was fundamentally similar, buc  - instead 

of using green L A 1  iln 1 he c:ricuZa~ion of LAD tTe s u b s 5  L ~ I ~ - C C ~  Llre radio- 

metric index ND min .; a baseline va lue  char was equivaleni  Lo ND- 
7-5 1-5 

for a dense, 'cow.lly senescen; canopy. Qur rationale Sor subtracti .ng 
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crop was planted 2. weeks l a t e r  and ;.cce:ivc:c! thrr-. tiiries i i i 0 ~ 2  ri7i~lfirll.l. 
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The r e s u l t s ,  i n  ternis 04: Frinai g r a i n  y i e l d  vs .  accumulated SDD's, 

are shown i n  F i g  . 4 ,  wfr~re ou:- new ciala a r e  eonlbine w i t h  r e s u l t s  from 

t h e  p rev ious  two yca r s  a t  Phoenix. I t  i s  seen  t h e r e  d ~ a t  a t ?  f ive  of 

t h e  d a t a  sets a r e  over lapping ,  t o  rhc e x t e n t  t h a t  a s i n g l e  r e i a t i o n  

appears  a p p r o p r i a t e  f o r  a l l  of rhem. This r e l a t i o n  is  6hc s o i l d  Line 

r ~ m n i n g  through t h e  m i  s t  oC the d a t a ,  a s  der ived  by L-Lnear regression 

analys-i_s. 

The 21nplications of rhese  res-u"as are that rhe SDD apgroztci.1 ra  

y i e l d  e s t i m a t i o n  i s  s r a b l e  ( a s  evidenced by the 3--years Qrodura xiheat 

d a t a )  and ehat i t  i s  not  strongly crop spec iE ic  (27s evidenced by this 

y e a r ' s  t h ree -va r i e ty  data), Thus, it continues tu meet the demands of 

long-term t e s t h g  an a c q u i r e  c h t l r a c t e r i s l i c s  Lhac e ~ h a n c e  i ts  u k i l i t y  

i n  a remote sens ing  con tex t  where crop ideniificariolcl Is soiiretimes a 

problem, 

'She po ten t i a l .  f o r  infrared theririoazei; ry %.n t h e  k-.:lmely de t .cction or" 

certa2.n b i o l o g i c a l  s t r e s s e s  i z r  plants w a s  invest2gatecl- 'ii'ne results, 

summarized here, are given i n  d e t x i l  i n  a manuscript now i n  press: 

P i n t e r ,  P, J,, J r , ,  StarrghelEl.i.ni, M, E, , R e g h a t o o ,  R, J,, Ldso, 

S,  j-4, , Jenkins ,  A, 23, , and Jaelcsan, R ,  I), : Remote cietcct ion 

o f  b i o l o g i c a l  s t r e s s e s  :in p l a n t s  using :ihf rare the';*oome t r y ,  

Radiant  l e a f  temperat:ures of rn;i;rul:e, green. sugarbee t  and a:iittoi:r p l a n t s  

were measured a t  midday daring tlre sunner ?-rear Phoenix acd Ma~ij-na, 

Arizona, An. a n a l y s i s  oT t h e  frequency d is t r : i l~ut : ion  of t h e s e  tempera- 

t u r e s  revea led  t h a t  Lerlves on diseased p l a n t s  were usua l ly  3 t o  4OC 

warmer than  those  on nearby hea l thy  p l a n t s  (Fig,  5). The tempera ture  

dif.Eerences were n t t r i b u t x d  t o  disreqision of uptake and lo r  t r a n s -  

l o c a t i o n  of water  i n  sugarbee ts  by t h e  so i l -borne  f m g u s  Pythimil 

aphaniderrnat~m and i n  t w o  v a r i . e t i e s  of c o t t o n  by the Texas r o o t  r o t  

fungus P&natotricihi~m ornaivorrm. T h t s  c h a - r a c t e r i s t i c  temperature 

dichotomy between healthy and i n f e c t e d  p l a n t s  p e r s i s t e d  under va ry ing  

s o i l  mois.ture and atmospheric condi.tion.s ,. Thus, i n f  r a r e d  thermometry 

ho lds  :fu-cure promise as an acivanc:~ warning approach capable  of 
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d i t f e r e n t i a t i n g  between physical and b i o l o g i c a l  Lant stresses, This 

i s  a n  approach t h a t  growers ight employ t o  manage t h e i r  c rops  more 

eEEic i en t ly  and researchers c o d d  u t i i i z c  as a non-des t ruc t ive  diag- 

nos  t i c  t o o l  t o  guide . f i e  ld investigations, 

PERSONNEL: S ,  B ,  T so, P, J', PLnLcr ,  Jr,, R, J, Regimato, and K ,  Pi. 

Jackson. 

PART C:  

A l a r g e - s c a l e  Field cq>er imenr  w2s con uc t ed  du r ing  t h i s  past -year 

t o  t es t  t h e  concept  of d i c t i n g  g r a i n  

degree-day conce rfrnary ~ h r i l s  t of the e - q  

d a i l y  ground-based measurements coup? cd w i t h  low-level aircraft data- 

e o l l e c  t i n g  fii ts twice r;.ieeJiiy, and -co dehcminc how well tie could 

p r e d i c t  yield using these di f fe ren t  daea ases , The f a  

ch rono log ica l  review o the cxpe rhen t  as data m a  ses are incomplete:  

\ The s i t e  -acre f i e l d  near 

Dunnigan, 3% m i l p s  NW of Davis, California, is site was selected 

f o r  t h e  fo l l owing  reasons: 

L.  Terraia t y p i c a l  of the a2j or gr ain-grow " i g  dreas, 

2. Good fa rmer coop era t ion 

3.  C l o s ~  ro  she lin ivers i t y  of GaLi fo i - i~ ia ,  Davis, to f a c t l i t a c e  

coopcza t ion  with ajnivers i i7y persnrmeL an use o f  E a c f l i t i e s ,  

4 ,  Close to 

or2 ginate. 

5 .. Climate Eatorable for  dry iand  grain  procluctioa* 

Sixteen sites were s e l e c t e d  wizhin the  72 -acre f icld on which 

ground measurements w e r e  t. o be rpade. e 16 sites kavc var3ou.s s l o p e s  

and a s p e c t s ,  wj t l ~  slopes ranging from e of the slites 

c o n s t i t u t e d  a aorch--ss:~t.% t uanscc l  and an east-west t r a n s e c k  S~trr- 

f a c e  temperature  measureaents iusde on bare soils 

October 1977,  The field was planted to b a r l e y  

t h e  p e r i o d  1 ro 7 December 1977. From ro 14 December access tbbes 

f o r  the neutron soi J i n o i s t n r ~  rnecer illere iil.;talled air. aTL s i t . 9 ~  and 

rnicrometeorol.ogica3 i n s "~ rumenca" ro~  was iastaLlecl on ihe main si te 

( r h e  a r e a  with the N-S m d  F->! rrarsects 

Annual Report of the U.S. Water Conservation Laboratory



The weather  during the  growing season was cha rac t e r i zed  

normal r a i n f a l l  and temperalure, Because of tllcsc corzditions, the. 

b a r l e y ,  f o r  ~ h c .  most part, lnddc good growth* Gro~md-based measure- 

ments were r e l a t i v ~ l y  rourinr. ,  e x c e p t  f o r  ;I few days  ~ I I C I ?  rain pre -  

vented  measurements, an severa i arircraf 1 E l  iglles bad to  be carlceLled 

because of inclanent weaihe~, 

me grower app l i e  40 pounds per  a c r e  of nitrogen fertiLrize-41. 

a i r c r a f t  on 011 Febrtxary 1978, as much of h i s  origio.al  fertilizer had 

been leached  from the soil y the  heavy rains. During t 

two t~eelcs, the b a r l e y  t t l r i~ed  a much darker green ,  -iniiLi.catkng that the 

fertilizer was being tak.en ilp - Even. i.ii the law areas that  had become 

water logged,  the 1.ants responded to the nitrogen- 

1978, the grower had the f E i M  sprayed ';.7ith a herbicTL 

l e a f  weeds. 
\ - Pn early Piarch heavy rains and hi h r & d s  caused some o f  

a level, waterlogged s i ~ c  headed i'lnrce weeks later - Add; tri_a?nalLy, 

t hose  poor ly  rained areas had more weeds, fewer bar ley  plants, and 

sma l l e r  heads on rhe piani-s ,  -than those arecla 66111ose S o i l s  were w e l l  

d ra ined .  

From October through April, a rotill of 6 7 h a  

rain f e1.l---average r a i n f a l l  is about 4 0 for t113t 7-1nonth period, 

Most of thc s t o m s  ca111e fzom the  south ,  accornpanie by ratfier s t r o n g  

winds.  Rainf ail. d i s r r  i b u c i o n  was q u i t e  v a r i a b l e :  rainfall. on i h e  20" 

s lope ,  south-facing site was 565 mm, whereas the 2 4 O  s l o p e ,  norirh- 

f a c i n g  sire had 7""1 1m-n ra:i.n (October  77 throtigh A p r i l  
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s p e c i f i c  s i tes  mei~tioneci almve a r e  the extremes in measure 

a l l  t h e  o t h e r  s i tes  were somewhere 5x1 between. lese differences i n  

r a i n f a l l  s e s u l t e d  i n  s l i g h r  d i  ff e rences  i n  a v a i l a b l e  s o i l  m o i s t u r e  

l a t e r  i n  t h e  gcowing s e s son .  

rThe a l u m i n ~ m  access "Lubes Zor so"; l-uo Lsliire measureinenz.; w i d i   he 

neu t ron  probe  were i n s t a l l e  a t  each s Lee L O  a 

a wa te r  table fox-iwd in t he  l o w  a r e a s  clue 50 the heavy rains, warer  

r o s e  i n  t h e  e p t h  t o  the free water s u r f a c e  

level was measured, These arcasurernents corresponded quite w e l l  with 

o b s e r v a t i o n s  of reduced p l a n t  grout%. 

S t rong ,  d ry ,  north w i n d s  trring the f i r s r  ttm weeks in May 

a c c e l e r a t e d  the ripening an  d r y i n g  o f  t h e  s r ley .  By I5 May L 

tbe gravketr ic  w a t e r  c o n ~ e n t  o f  rhe 

On 22 May 197 w e  s r ~ r t e d  hand harvestin e r i rnenta l  sites 

w i t h i n  t h e  72 -acre f i e l d .  h z  wster content of 

r i m e  was L 1 5 ,  We removed a l l  neter squa re s  ac 

each of  t h e  sites, cauilted the er of heads 1 square meter, 

and bagged all sdmples  for Glurtlzcr process ing .  F ive  c o n s e c ~ t i v e  
l t  s qua re sw  were caken i n  each of t h e  l o u r  car i n a l  d i r e c t i o n s ,  starting 

a m  met.er from where we ilor?r:a'ely sl:oocl LO take Izn t tempera t w e s  . 
The 20 samples at each s i te  were, the re fo re ,  Sr-a 1 the areas x~hcse 

p l a n t  t empera tures  were Laken ~lhroughour the season- By 26 May, at1 

sites bur: one xiere liar-ves t c d ,  

0 o f  thrm) i e r c  threshed, t h e  

number 01 seeds  from each sample was counted, and the'ir  weight  and 

wate r  concent  determined, From these a ta the following i n f o r m   ion 

I. Seed water coa rcn t  

2. Kuin'bcr or' i icads p e r  sqltare oletcr 

3.  Number of seeds per head 

4.. Number of seeds pe r  square  meter 

5, Ershel veigl l t  o-I barley 

6, I i i c ld  
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Items 5 and 6 were co r rec t ed  t o  a seed  water  con ten t  of  0-125 to  

a l low comparisons of yield hccwcen s i t e s ,  

The h i g h e s t  y i e l d i n g  p l o ~  was R 4 ,  a 2 " s l o p e  La t h e  south, t i i th  
-2 417,5 gm , and t Z 1 . 6 ~  lowest  y i e l d t a g  p l o t  was RI, a weed-inEestserl.1 f l a t  

a r e a  plagued w i t h  a high rvnrar b e  w i ~ h  104 -5 g ~ 2  c average 
- 2 

y i e l d  f o r  -tine 15 s i t e s  was 290.7 p T e grower r epo r t ed  a yield 
- 2 

of 267-8 gm , an % lower than our average-  

h NASA. a i r c r a f e  made 52 f l i i i ; l~ t s  over  

season.  Thermal imagery was nb tained w i t h  a Texas instrmerrts KS-25 

scanner ,  One s ~ l r i k i a g  fea tu re  o f  the: thermal  imagery is  t h a t  t h e r e  

w e r e  s ign53  icanr t ~ m  e r n t u r c  d i f f e r e n c e s  (46 t o  86 

d i r e c t i o n  or' f i i g h t  o f  t he  aircraf l: (nortli-sourh .JS * east-wes b) , The 

d i f f e r e n c e s  arc more pronounced where the topography is uneven a s  coal- 

pared  t o  level are~ls, 

For mid-Hay over f i i glit s , t h e  rlcrrmcz?r sr:rFaces appiaa-d- Lo t hose  

which are normal to the line scanner + 'ihc af  cernocn i Ligl-rlrs took 

about  one hour past s o i a i  noon xihich ~csul i led i n  ~:l?c :tiiesc-- an 

fac ing  s l o p e s  being w a r m e r  than Z - ~ E  east-  a norch-facing sl 

Indeed, this i s  

observed under l e s s  sunny cond i t i ons ,  or  d i f E  

o r  a t  various st  es of g;uwth of t h e  bar ley ,  or on bare s a i l  (wet o r  

dry)  remains t o  see2 as the? data a n d y s i s  is n o t  y e t  conp2e.r;e- A s  

an  exampleg f o r  a clay in riii -Hay, there was a d i f  Eercnce of I 

many ground-based measurements, i n  the absznsc of a i r c r a f t  su 

s o  t h a t  t h e  proper  inferer icas  concerni-ng p l a n t  stress can be 

from t h e  d a t a  colf.ccted, 

A i rc ra f t -de r ived  Lemperacurc d a t a  were  avergged for 10 ,  40, 160, 

and 640-acre blocks. 'Chz mean tempera trires of cooapara Ze a r e a s  f o r  a 

north-south versvc; an eaa t-west ovc rf L igh t  w e r e  essenilislly t h e  same 

clown t o  the 10-acre blacks, T-iowe~ler, t he  mean temperatures f o r  16 May 

19 7 8 ,  i n  the LO-acre h l  ocks ranged from 3 1 -4 C t-o 36.8 C. 
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In addition to the various physical parmeters being measured 

daily at each o f  the 3. sires, insec ts were coilecre weelcly at each 

site. We were interested in being able to ex Ja in  any effects that 

insect  populations fortlld on the i~arli., t;lrol;giioitl: rhc ~ r n i i r r g  season 

might have on crop y i e l d  predictions. 

Insect collections at each site were raken using 25 sweeps w f t h  

a sweepnet, Tlrc cap 29-30 c~ri of the pianlls were sampled ia t 
2 

manner. Approximatcl.y 12-5 m were sampled for every 2 sweeps taken 

Insects were idsnt- i f  ied wbfle they were in the net, and a kill 'ing jar 

was used to kill insecis that were to be pinned and mounee 

identification, 

:berry a p h i d ,  Rhopalosiphih 2nd the Eng l i sh  

g m r i ~ x ,  were the oi13Ly f ~ s e c c  pests thaz occtrrred 

in numbers thar were large cnough LO be coasidcre ecoaom icnt l_y important , 
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The convergent Lady bee t3  e, a& convergens, and syrpkelid 

f l i e s ,  Syrphidae s p , ,  w e r e  t h e  only two preda to r s  caugbz .in che sweep 

samples i n  s i g n i f i c a n t  numbers ro be cons idere  l iere  as a p o s s i b i e  

c o n t r o l  01 t h c  p e s t s  that were iound on the b a r i e y .  Thc nrm'bers of 

H. s r l v e r g e n s  caug i~ t  .jn the sweep samples was sma? i, b u r  Largc numbers - 
of a d u l t s  and nymphs were observed on t h e  ground and on i h c  lover  por- 

t i o n s  of t h e  b a r l e y ,  probably because  of t h e  aphids presen t  there, 

Those aph ids  would c ~ u c h  more a c c e s s f h i e  to f h ~  - 11. -- ccmvecgens than 

t h e  ones on t h e  l eaves  and scenrs, 

The ratio of peszs :p reda to r s  f o r  the  f i r s z  sweep s a ~ f i p i c s  that were 

t aken  on 18 March w a s  24:I, respective Ly CFSg. 6 ) . The pea t  popu- 

l a t i o n  kegc Lncrcas g l o r  s e v e r a l  weeks a f t m  rh i s  i n5 r ia3  sweep 

sample, w h i l e  k'ne preda toe  opu la t ion  s rayed  relati vel y s ca 

3 A p r i l ,  two weeks af k e r  the f i r s  r sweep sarnpl c, t h c  pes  c: p redacor  

r a t i o  was 853:l. .corn 1:q"i-i~ p o i n . ~  on t k r  r a t i o  dcopped 3"dpTdily fur 

about: 3 weeks u n t i l  i t  reache a ratio 05 LQ:I on 22 A p r i l .  T h i s  

r a p i d  decrease  Ln t h e  pest :predator ratio iras caused by a  decreasing 

number of p e s t s ,  whiip a t  t he  s~xme time, file p r d a  t o r  popu 

i n c r e a s i n g ,  The r a t i o  sLnyc.ii thill same Lor s e v e c a l  weeks 

when t h e  r a t i o  d r c p p e d  To 2:1, This was the last date t1-ia.r sweep 

samples were taken, Yriis drop in  the ratto was p~oFJals?_y caused by 

t h e  senescence of rhc barley' :caves, I c a v i n g  the p e s t s  v i t h o u r  t rocn  

p l an?  n a c e r i a l  ore whLcZz Lo Iced, The winged aphids  an the plants 

probably migrated ouc of i h e  a r l e y  f ieEd, bu L t h e  wingless  a p h i d s  

ei thcir  s t a r v e d  or uere consm.r-.d by the p r e d a t o r s ,  

P l o t t i n g  g r a i n  y i e l d  ve r sus  rhe average number o f  p e s t s  from 

25 March (one week ing) through the sof i dough s t a g e  

(22 A p r i l )  i n  FLg- 7 , a d e f i n i ~ e  t rznd  i s  shown, There is not  enough 

d a t a ,  however, to estab l i  s i i  a cause-eff e c t  r e l a t i o n s l d p  xich r e g a r d s  

t o  a m h e r s  of p e s t s  and f i n a l  graEn yie.ld, 

PERSONNEL: R, . T ,  R e g h a t o ,  X, S, Szay 
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Table 1. Agronoriic parmerers and two indices derived froi.1 canopy spectral 
reflectance, 1376-19 77 and 1977-1978 groviug seasons in Phoerkx, 
AZ . 

.~ .. . 

I/ IncLudes applied irrigations plus rainLFal.1 during the growing season of -- 
4.7 cs in 1976 cnd 19.7 cm in 1977-73. 

2 /  Calculated as the average daily change in TV16 tinring the 10--day period - 
%?hen the canopy was senescing z~osl: rapidly. 

3 /  Calculated as the integral. (frda heading u n t i l  canopy senesceZce) of the - 
snoothed daily values of hT7-5 less the va!.ue of ND7-5 for a totally 
senescent cKo2. 

4 /  Yie1.d~ %:ere st-vlre3.y redr:ced in these fields due to bird danaga. - 
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Fig. 1. Final g r a i n  y i e l d  of Prodilra whoa;, Anza wheat, and Briggs barley us, 

senescence rate, 
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Fig. 3. F i n a l  g ra in  y i e l d  vs. a ~ c ~ u l a t e d  d a i l y  values,  from heading 

u n t i l  senescence, of t h e  r a d i o ~ e t r i c  index ZiDTm5 min~ts  the  

va lue  of KD7-j f o r  a dense t o t a l l y  senescen t  canopy. C i r c l e d  

d a t a  po in t s  represen t  3 f i e l d s  i n  which b i r d s  daz~zged up t o  

88X of t h e  heads. The c u r v i l i n e a r  r e l a t i o n  was calculaeed 

f o r  25, non-dinaged P r o d ~ r z  wheac f i e l d s .  Symbols: Produra 
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Fig .  4 .  Grain y i e l d  versus  cumulative s t r e s s  degree days 

f o r  two v a r i e t i e s  of wheat and one v a r i e t y  of 

ba r l ey .  
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Fig. 6 .  R a t i o  of t h e  number of p l a n t  p e s t s  t o  p r e d a t o r s  as a 

f u n c t i o n  of t ime of y e a r  f o r  t h e  Dunnigan site.  
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TITLE: EFFECTS OF AS1<BOJORNE PAFTSCULATES ON SOLAR AND 

TION AND THEIR CLlPiRTOLOGLCAL CONSEQUENCES 

NRI? : 20760 CRTS WORK UNIT: 

C O X  NO. : USWCL 

Work conducted under t h e  a e g i s  of t h i s  o u t l i n e  t h i s  y e a r  r c t s ~ r l t -  

ed i n  t h e  p u b l i c a t i o n  of one b a s i c  r e sea rch  paper ,  t h e  p r e p a r a t i o n  of 

a review a r t i c l e ,  and t h e  i n i t i a t j - o n  of  a  very  d e t a i l e d  expe r :hen ta l  

program, Each of t h e s e  e f f o r t s  i s  descr ibed  below. 

1. Idso ,  S, B., and Braze l ,  A.  J, Cl ima to log ica l  e f f e c t s  of atmos- 

p h e r i c  p a r t i c u l a t e  p o l l u t i o n .  Nature 274:781-782, 1978, 

Atmospheric i n v e r s i o n  d a t a  and a i r  temperatures  from two d i f f e r -  

e n t  a l t i t u d e s  a t  Phoenix, Arizona were used t o  demonstrate  t h e  s i g -  

n i f i c a n c e  of t h e  a l t i t u d i n a l  d i s t r i b u t i o n  of p a r t i c u l a t e  p o l l u t i o n  

f o r  i n t e r a c t i o n s  w i t h  s o l a r  and thermal  r a d i a t i o n .  The r e s u l t s  of 

the a n a l y s i s  implied t h a t  wh i l e  t h e  a l t i t u d i n a l  l o c a t i o n  of t h e  par-  

t i c u l a t e s  d i d  n o t  a f f e c t  t h e i r  i n t e r a c t i o n  wi th  s o l a r  r a d i a t i o n  

(which g e n e r a l l y  r e s u l t s  i n  a coo l ing  t r end  a t  t h e  e a r t h ' s  s u r l a c e ) ,  

i t  g r e a t l y  a f f e c t e d  t h e i r  i n t e r a c t i o n  wi th  thermal  r a d i a t i o n  (wl~ich  

g e n e r a l l y  r e s u l t s  i n  a  s u r f a c e  warming t r e n d ) .  S p e c i f i c a l l y ,  we 

found t h a t  f o r  q a r t i c d a c e s  d i s t r i b u t e d  t o  several. thousand nieters '  

h e i g h t  i n  summer, t he  thermal. r a d i a t i o n  e f f e c t  was g r e a t l y  reduced, 

w i t h  a n e t  coo l ing  a t  t h e  s u r f a c e ,  I n  w in te r ,  however, when. parificu- 

l a t e s  could  only  m-ix to s e v e r a l  hundreds oE meters ,  t h e  t h e m a 1  r ad i -  

a t i o n  e f f e c t  was dominant, w i t h  a  resultant n e t  warming of t h e  s u r f a c e ,  

Th i s  Einding helped t o  e x p l a i n  b7hy p a r t i c u l a t e  p o l l u t i o n  by volcanoes 

(which o f t e n  p e n e t r a t e s  i n t o  t h e  s t r a t o s p h e r e )  g e n e r a l l y  l e a d s  t o  

s u r f a c e  cool ing ,  wh i l e  anthropogenic p o l l u t i o n  i n t o  t h e  s u r f a c e  

boundary l a y e r  of t h e  airnosphere gene ra l ly  l e a d s  t o  s u r f a c e  warming, 

2 .  Braze l ,  A, J,, and Xdso, S,  B, Thermal e f f e c t s  of  d u s t  on 

c l ima te .  Annals aE thc Associa t ion  of American Geographers.  

I n  p r e s s .  

R e s u l t s  of p a s t  work on d u s t  p a r t i c l e  i n t e r a c t i o n s  w i t h  s o l a r  

and thermal  r a d i a t i o n  were brought t oge the r  t o  review t h e  e f f e c t s  of 

a tmospheric  pollution orr global c!.iinate. Two major a s p e c t s  of t h e  
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problem were emphasized: 1 )  the  p a r t i c u l a t e  concen t r a t ion ,  and 2) its 

v e r t i c a l  d i s t r i b u t i o n ,  Our conclus ions  were t h a t  t h e  i n i t i a l  i n j e c -  

t i o n  of d u s t  i n t o  t h e  atmosphere g r e a t l y  i n c r e a s e s  t h e  fl.ux of thermal  

r a d i a t i o n  t o  t h e  s u r f a c e ,  whi le  producing l i t t l e  change i n  t h e  r e c e i p t  

of  s o l a r  r a d i a t i o n ,  f o r  a n e t  warming t r e n d  w i t h  i n c r e a s i n g  d u s t  

con ten t .  A t  a c e r t a i n  c r i t i c a l  concen t r a t ion ,  however, t h e  r e d u c t i o n  

of s o l a r  r a d i a t i o n  begins  t o  r e v e r s e  t h i s  t r e n d ,  u n t i l  a t  in tense*  

dus ts torm c o n d i t i o n s  i t  is  overpowering and r e s u l t s  i n  a n e t  coo l ing  

a r  t h e  s u r f a c e .  Th i s  i s  t h e  t y p i c a l  s c e n a r i o  f o r  low-level d u s t ,  

For  a e r o s o l s  t h a t  extend t o  ve ry  g r e a t  h e i g h t s ,  however, t h e  s o l a r  

r a d i a t i o n  i n t e r a c t i o n  i s  t h e  predominant one, w i th  n e t  c c o l i n g p r a c t i -  

c a l l y  a u n i v e r s a l  r e s u l t ,  

3 .  Experiment 

A comprehensive experiment was i . n i t i a t e d  t o  o b t a i n  d i r e c t  exper i -  

menta l  evidence f o r  t h e  "thermal b lanket ing"  e f f e c t  of a tmospheric  

d u s t ,  wllich i s  b a s i c a l l y  as descr ibed  above. It c o n s i s t s  of ob ta in-  

ing  measurements of incoming global., normal-incidence, and d i f f u s e  

s o l a r  r a d i a t i o n ,  incoming thermal  r a d i a t i o n  i n  t he  20.5-12.5 urn and 

8-14 urn wavebands, a s  well a s  t h e  fu1.l thermal  spectrum, and a u x i l i a -  

r y  measurements of  a i r  temperacure, vapor p re s su re ,  and d u s t  concen- 

t r a t i o n .  

The ins t ruments  a r e  a11 Located on t h e  l a b o r a t o r y  rooE and have 

been i n  cont inuous ope ra t ion  s i n c e  e a r l y  June  1975, r eco rd ing  d a t a  a t  

ha l f -hour ly  i n t e r v a l s .  Considerable  a n a l y s i s  oE t h e  informat ion  ob- 

t a i n e d  has  i n d i c a t e d  a wealth of important  r e s u l t s  w i l l  be  born of 

t h e  experiment.  i n  p a r t i c u l a r ,  t h e  d a t a  have a l r e a d y  v e r i f t e d  t h e  

hypo thes i s  t h a t  t h e  major v a r i a b i l i c y  of a tmospheric  e m i s s i v i t y  i s  

due t o  the  vary ing  concentca t ion  of a d imer ic  s p e c i e s  of water  vapor.  

Mew and improved equat ions  have consequent ly been de r ived  f o r  t o t a l  

e f f e c t i v e  atmospheric  emitcance, a s  well a s  f o r  t h e  Lndiv idua l  1Q05- 

12 .5  pm and 8-14 pm wavebands, 

The p a r t i a l  "c los ing"  oE t h e  so-ca l led  atmospheric  window by t h e  

thermal. blanlcecling e f f e c t  of d u s t  has  been s u c c e s s f u i l y  d i r ec t - ly  

measured Eor the  f i r s t  t ime, and has v e r i f i e d  the  hypotheses desc r ibed  
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i n  t h i s  y e a r ' s  two pub l i ca t ions .  Th i s  r e s u l t  has  

termination of t h e  a c t u a l  tempera ture  response of 

a l s o  allowed a 

t h e  atmosphere 

de- 

t o  

d u s t  v a r i a b i l i t y  t o  be  made, An independent determination of t h e  

s u r f a c e  a tmosphereYs  response  t o  water  vapor v a r i a t i o n s  yliel.rled a n  

e s s e n t i a l l y  i d e n t i c a l  r e s u l t .  These two obse rva t ions  thus l e d  t o  a  

numerical  e v a l u a t i o n  of t h e  e f f e c t s  of carbon d iox ide  on c l ima te .  

S ince  t h e  manuscr ip ts  d e s c r i b i n g  these  f i n d i n g s  have n o t  y e t  been 

completed, however, a l u l l  r e p o r t  w i l l  n o t  be  made u n t i l  nex t  year .  

PERSONNEL: - Sllervood B, Xdso and Anthony 3, Braze l  (cooperator  Erom 

Geography Department, h-rizona S t a t e  Un ive r s i t y ) .  
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TITLE: CARBON DIOXIDE TRWIMENT OF SOILS TO 

EPF JCIENCY OF ROPS m.TD NUTRIENT AVA 

NRP : 20760 CRIS WORK UNIT 

CODE NO : USblCL 78-2 

INTRODUCTION: 

Laboratory and g-nreenlmuse s t u d i e s  have sho t h a t  p l a n t  y i e l d  

can be improved by C02 enrichmsnt of the  *atmosphere srzrroalnding t h e  

l e a f ,  Lilnited s t u d i e s  t h e  f i e l d  have a l s o  shown t is t o  be  v a l i d ,  

but the  method of a e r i a l  CO app l ica t ion  t o  p l a n t s  i s  impract ica l  f o r  
2 

economical crop producti.on, Ins tead of increas ing t h e  C02 content  i n  

t h e  a i r ,  CO enrichment v i a  t h e  r o o t  environment a s  been shown t o  2 
improve crop y i e l  Vhetber such favorable r e s u l r s  a r e  caused by CO 2 
uptake by r o o t s  t o  inc rease  photosynthesis o r  o t h e r  s i d e  b e n e f i t s ,  

such a s  improved so i l - roo t  environment f o r  n u t r j e n t  uptake, has  n o t  

Eeen c l e a r l y  shown. 'The app l ica t ion  of CO water  subsurf ace ly  

cs ing  e x i s  king bur ied  rickEe i.rrigairion e u b b g  appears t o  be a 

2rac"Lcal and ecoaomical. means f o r  g e t t i n g  tlne CO to t 2 
Thus, t r i c k l e  sys  t ens  resentl.7 i n  use could r e a p  a d d i t i o n a l  b e n e f i t s  ., 

The % n i t i a L  phase of ~ h e  s tudy  inciuded. t h e  dcve%opment o f  ways 

t o  incorpora te  C02 rinjectiiozl, with -&e sljbsurface t r i c k l e  system and 

t o  work wi th  s e v e r a l  crops to f h d  out  the effect .  of such subs~rrfcrcely 

ayplied. CO t r e a  tmen t . 
2 

Carbon dioxide i n j  e c t i z  ...-.- a Several  methods f o r  in t roducing 

gaseous 60 i n t o  t h e  r irr igat ion water and then i n t o  the t r i c k l e  l i n e s  2 
were t r i e d .  For snml1 treatment areas ,  t h e  nos t  p race ica l  method 

found f o r  f i e l d  use was t h e  comercial l .y a v a i l a b l e  carbonator. The 

system has  a bu i l r - in  d i f f u s e r  t h a t  breaks t h e  en te r ing  CO gas - in to  2 
small  bubbles f o r  increas ing contact  with t h e  water  so  t h a t  CO disso- 2 
l u t i o n  i n  water  can be I-~astened* It a l s o  tias a p w ~ p  which can inc rease  

a r  maintain Che pressure  on the  o u t l e t  s i d e  of t h e  carbonator-  A 

schematic diagram f o r  t h e  CO -water i n j e c t i o n  sys  tern used i n  t h e  2 
e x ~ e r i m e n t s  i s  presented i n  Figure I* Several  s a f e t y  Eeatures were 

included i n  t h e  carbonation system design. 
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Supply water was passe rough an anti-siphon vacuum breaker 

valve t o  prevent any backing of water t o  l y  source xqhen t he  

system was turned off  . The  ressure  switch (PIS 

system from turning on i f  the water s u p p l y  pressure was too low, 

This prevented t he  p motor i n  the carbonator from running dry and 

overheatinge The t i m e  clock was used t o  actlivate "ce solenoid valves 

(S/V) on the  water e and t he  gas supply s ides ,  a s  flow meter 

was used t o  measure t he  ion. The chec 

prevented any water t o  the  gas l i n e s  sho 

drop i n  gas pressure en surges i n  water pressure. 

The system co so be operated without the  carbonator, i f  

the e l e c t r i c a l  leads  t o  the  carbonator and 

osing valves 3 and 5 opening valve  4 ,  

The normal op e was t o  have val-ve 4 closed and valve 5 

open. Valve 3 oper a s s  made, Pa r t  of the supply water 

went through the  c o he  sa turated with 

ing portj-on mixed water and l e  i n t o  t h e  t r i c k l e  

l i n e s  through valve e raw water rwas ecreased approxi- 

mately 2 pH un i t s ,  f r o  i n  the  mixin 

With t he  60 -alr mixture Jy, compressed air was co 2 
GO from the  l i q u i f i e  CO rank source (Fig, 2 R concentrat ion of 

2 2 
approxrimately 5% CO by volmle was achieved by adjust ing t he  control  

2 
valves ar?d mollitorring the flow r a t e s  of CO and a i r  going i n t o  t he  2 
mixing tank* The C 2-air mixture was then lead to  e t r i c k l e  l h e s  

CARBON DEOXZDE TREAmENT 

A. m e a t ,  

Procedure: (Produra) - - was es tabl ished on a 

7 x 19 m p l o t  on 18 December 1977, and harveste 

rows were spaced 17, em apar t  with double-tube tr 

tubing buried 20.3 crn eep between he rows. Eight p lan t  rows were 

used per r e p l i c a t e  with the  innermost rows sampled f o r  y i e l d  

measurenients a P l a n t i  g r a t e  was 2 x $0 p lan t s  per hec ta re ,  Nitrogen 

a s  ammonium n i t r a t e  and urea was applied at  a r a t e  o f  19 

phosphorus a s  phosphoric a c i d  a t  a r a t e  of 67 kglha, The ni t rogen 

13-2 
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was added i n  four  increments and phosphorus i n  two with the  t r i c k l e  

system through t h e  e a r l y  s t ages  of the  wheat develo 

The r a t e  of CO app l i ca t ion  f o r  hhe GO3-water system was I, 2 - 
h r  with the  CO -waCer mix ture  applied a t  tlie time o f  i r r i g a t i o n -  2 

2 
carbon dioxide f o r  the 60 - a i r  t r ea tnen t  was 4 - 4  g/m /h r .  For t h i s  2 
t reatment t h e  gas mixture was appl ied  d a i l y  during the  dayl ight  hours 

of 1000 t o  1500, s t a r t i n g  i n  February and extending to  0900 co 1700 

hours i n  May. 

Gas sampling probes were i n s t a l l e d  i n  t h e  p l o t s  a t  var ious  depths 

t o  measure CO coacentra t ion i n  t h e  s o i l  proEile,  These were pu t  i n  2 
a f t e r  t h e  experiments were s t a r t e  s ince  t h e  necessary equipment was 

not  a v a i l a b l e  an t ing  t - h e ,  Uypodermic syr inges  were used t o  

sample 2 t o  5 f the soil. atmosphere, ad. t contcnir was 2 
determined on 

P l a n t s  were irrigate fal lowing the consumptive use curve Heavy 

r a i n s  i n  l a t t e r  Dec er m d  continuing through January decreased the  

need f o r  water app l i ca t ion ,  and with  the CO -water ttrfcataents would 2 
have meant less G a p p l i c a t i o n  than i n i t i a l l y  an t i c ipa ted*  Thus, 2 
the  experiment was rn elude the  CO - a i r  t reatment,  2 
RESTITS AND DISCUSSION: 

The C02-%wixx a n  GO --I-'- t r e a t e d  p l o t s  out-yielded che check 2-" 
p l o t  ( Table 1) - These y ie lds  tsere approximately 2 % g r e a t e r  than 

&he check, Their  straj weight was s ign i f  i c a n t l y  h igher  and t h e  number 
2 

of heads/n was a l s o  g r e a t e r  than t h e  check p l o t s .  No s ign i f i cance  

was obtained on t h e  Zndividual ke rne l  weight. The carbon dioxide con- 

cen t ra t ions  i n  t h e  p r o f i l e  were increased by both the  GOZ-water and 

GO a i r  treatments (Table 2)- Limited a n a l y t i c a l  equipment prevented 2- 
more d e t a i l e d  monitoring of the  60 s t a t u s -  Under normal condit%ms, 2 
CO concentrat ions were i n  t h e  order of 0 - 2  t o  O,S% from 2 - 5  t o  10 cm 2 
depth, and increased t o  1,00 and higher from 20 t o  60 cm, 

The 7.2 pH of t h e  i r r i g a t i o n  water was reduced t o  5 - 3  wi th  t h e  

GO2 t reatment,  S o i l  pH zneasured on moist s o i l  i n  &he f i e l d  was 8 - 0  

compared t o  6 - 4  Tar the  60 -water t r e a t e d  s o i l -  2 
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B. Cabbage, 

Procedure: Cabbage w a s  seeded i n  double-row geometry on 

100-cm wide beds.  I)ouble-~~;ra11 t r i c k l e  tub ing  was p rev ious ly  b u r i e d  

15 c n  below t h e  s o i l  surface, .  The C:O -water and  cbccks were randomly 2 
r e p l i c a t e d  4 t i m e s  on t h e  1 x 1 8  m p l o t s ,  The seeds  were p l a n t e d  o ~ r  

26 September 1977, a n  h a r v e s t i n g  s t a r t e d  4 January 1978, aad cont in-  

ued t o  21  Fe.bruary 19 S o i l  gas sampling probes were i n s t a l l e d  a t  

v a r i o u s  depths  t o  0 cm a l ang  t h e  p l a n t  row i n  October,  I r r i g a t i o n  

schedul ing  fol lowed rhe consumptive u s e  curve. Heavy r a i n s  i n  December 

reduced t r i c l c l e  i r r i g a t i o n  a p p l i c a t i o n  of carbonated w a t e r -  Rli";ogen, 

as urea ,  was a p p l i e d  a t  a r a t e  of 140 kg/ha in t h r ee  i n c r e ~ i e n t s  w i th  

zhe t r i c k l e  i r r i g a t i o n  system, 

The GOZ-- t r e a t e  ater was prepared  i n  a manner s i m i l a r  zo t h e  

preceeding wheat ex t Carbon d i o x i  p l i e d  a t  the r a t e  
2 

of 4 , 1  g/m / h r  d u r i  c'he 5 r r i g a  t i o n  per iod ,  

KESTJZTS AND DISCUSS 

cabbage y i  f o r  the d i f f e r e n t  t reatmen s is  coropare 

Ta31e 3 ,  No s i g n i f i c a n t  y i e l d  d i f  1e1-ence was obta ined  between t h e  

ego t rea tments .  

Carbonat ioz reduced t h e  pH of w a c e r  from 7 , 7  t o  5,2, and the pH 

o-f t h e  soL l  Eron 8-13 to 6- 4 ,  Analyses of l.caE samples has  noe been 

completed, 

C. Po ta to .  

Procedure: Po ta to  (Kennebac) was p l an ted  on 23 May 1978, on 

t h e  same pl-ot as %he cabbage experiment.  Rep l i ca t ion  was i n c r e a s e d  

from fou r  t o  e i g h t ,  The bed width was s e t  a t  86-4  cm, and p l a n t  

spac ing  i n  t h e  r a w  was 17-8 cm, wi th  seed  p l an ted  ae: a depth of  17.8 em, 

Do&le -~ .~a l1  t r i c k l i n g  i r r i g a t i o n  l i n e s  were bu r i ed  7.6 cm deep and 

approximately 10 cm l .a teral1y from t h e  seed  p iece .  I r r i g a z i o n  quan- 

t i  ties w i t h  carbonated water  followed t h e  c o n s a p  Live use  curve. 
2 

Cas5on d iox ide  w a s  a p p l i e d  a t  4 .2  g/m /h r .  Mitrogen (168 kglha)  and 

phosphorus (224 kg/ha were app l i ed  i n  f i v e  increments ,  i nc lud ing  

p r e p l a n t  f e r t i l i z a t i o n . ,  
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RESULTS &!I'D DISCUSS1 

The p l a n t s  i n  - t r e a t e d  p l o t s  appeare  t o  be  g reene r  w i t h  

more growth than  those  i n  t h e  check p l o t s ,  The d i f f e r e n c e s ,  however, 

became o b l i t e r a t e d  a s  the  p l a n t s  m t u r e d ,  Yie ld  comparisons are made 

i n  Table 4* The 60 - t r e a t e d  p l o t s  had approximately l0X g r e a t e r  2 
p o t a t o  y i e l d  than  t h e  c eck, b u t  t h i s  was n o t  s t a t i s t i c a l l y  s i g n i f i -  

cant. The l e a f - t o  n i f i c a n t l y  sma l l e r  i n  t h e  CO 2- 
t r ea tmen t  ( 1  79 ) t 

t a loupe  f o r  f a l l .  p roduct ion  was seeded on 

1 August 1978, on a y 17 m long  p l o t  w i t  

r e p l i c a t e s  p e r  trea 

po ta to ,  The 

deep i n  t h e  mi r i o r  t o  p l an t ing .  Plan s were th inned  

t o  one p l a n t /  crri a 

phosphorus f e r t i  p r a c t i c e s  by 

t h i s  a r e a ,  

e was u t i l i z e  etem5nin.g i r r i g a t i o n  

q u a n t i t i e s ,  se by the  c r o  was a l s o  foll.awe 

mois ture  measuring 

i r r i g a t i o n  wa te r  at t r, S o i l  atmosp e r e  sampling 

probes were i n s t a  l e d  a t  depths o f  2,5, 5, 20, 2 40, and 60 cm, 

Gas samples were wi th  t h e  gas c 
2 

egan on 13 October and co 

There were 9 p i ck ings  during &is per iod  w i t h  two- t o  "rlnree-day inter- 

vals b e t ~ ~ e e n  ha rves t .  e nui-&er of f r u i t  p e r  p l o t ,  weigh 

d i f f e r e n t  s i z e s  an f r u i t  q u a l i t y  were measured dur ing  and immediately 

fo l lowing  t h e  h a r v e s t i n g  process .  

P.ESULTS ALTD DISCUSSION:: 

A t  t h e  e a r l y  s t a g e s  of growth, the p l a n t s  i n  t h e  CO - t r e a t e d  2 
p l o t s  appeared more l u x u r i a n t  i n  growth coapared t o  t h e  u n t r e a t e d  

p l o t s .  The d i f f e r e n c e ,  however, was ha rd  eo d i s c e r n  a f t e r  t h e  v b e s  

f u l l y  covered t h e  b a r e  p l a t s .  

Annual Report of the U.S. Water Conservation Laboratory



The pH of t h e  i r r i g a t i o n  water  was decre 

with t h e  C02 treatmen i E  pH was a l s o  low 

i n  t h e  moist s o i l  a ro  e t r i c k l e  trrbe dis 

Powdery milder w a s  observed i n  a l l  p l o ~ s  during the  l a t t e r  

p a r t  of Septembc y treatment 

t a t i o n  was s t a r t  imed so  i t  woul n o t  i n t e r f e r e  

with the ha rves t  

241  c r a t e s f a c r e )  

as not  s i g n i f i c a n t ,  however, 

ty a r e  conpared Table 5 ,  Over- 

a l l  sugar cantent  average f o r  t ares was 9 * 3 2nd 

9.7 f o r  t h e  chec respcc t ivs ly ,  e di f fe rence  

i s  s t a t i s z i c a  * The o t h e r  GI. 

s t u d i e s  ~ 2 . 3 ~  be caused by aon- e t r i c k l e  ttibing 

f o r  i r r i g a t i o n  an 

ecial1-y wet for a l l  

crops, s o  the f u l l  potential. or' e CO treatment not have been 2 
achieved* D i f  f ere cou ld  not  be  us 

of equipment an e srudy w a s  primar i%y explorarory i n  

na tu re  t o  see 't$jhe ment w i l l  work i n  f i e  

s i t u a t i o n s .  $fore e x t e  sive measuremeat i n  regard t o  p 

and CO f l u x  an 2 
d i s t r i b u ~ i a n  should ad r o  t h e  understanding of 

the b a s i c s  o f  the treatment, 

The carbon di e l e v e l s  in t e s o i l  p r o f i l e  followed a regular  

p a t t e r n  before  a d a l t e r  i r r i  a t iorr  with the non-casbo 

(Table 61, Gas sam aken before ,  during, and a 

ga t ion  cycle.  Ar 2-5-an deprh, rhe s o i l  CD content  is 2 
t e n  times the  ambient atmos herf c concentrat ion,  an a t  20 cm (8 in*) 

i t  is  higher by a roxirnately t i r t y  times. I&e e r  the CO concen- 2 
t r a t i o n  and gradient  present i n  t h e  so51 can adequately supply optimum 
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CO l e v e l s  f o r  maximum photosynthes is  i n  unknown. By approximation 
2 - 

us ing  t h e  f l u x  r e l a t i o n  = -k(dc/dx) ,  t h e  GO2 f l u x  from 20-cm depth 
* 

would h e  2.4 g of C, m L / h r  , This  is  t h e  v a l u e  under i d e a l  cond i t i ons .  
2 

Values i n  t h e  l i t e r a c u r e  range froiii 0 - 2  t o  0.5 g of CO /m f h r ,  
2 

The CO -water t reatment  did i n c r e a s e  t h e  CQ concen t r a t ion  i n  t h e  
2 2 

s o i l  atmosphere his is  ev iden t  on ly  wh i l e  t h e  

f a c e l y  to t h e  

a r e  t h e  average  r h e  preceeding t a b l e .  l%.e two d i f  f e r e a t s i t e s  

(A and B) gave d i f f e r e n t  C02 l e v e l s ,  The p a i r e d  A an 602 ana lyses  

f o r  a g iven  t reatmen can b e  compared wi th  t h e  u n t r e a t e d  'by 

t days. For example, i n  t h e  ?-hour t r ea tmen t  

run of 6 Se CO level had inc reased  i n  60 ?water concen- 
2 2 

Table 7,  whereas very  l i t t l e  602 change had 

Ic 6 f o r  t h e  same day, By 8 Se 

rofile f o r  the CO - t reatment  w e r e  near 
2 

i o x i d e  a p p l i c a t i o n  

b i n a t i o n  is l i m i t  t o  t h e  i r r i g a t i o n  pe r iod ,  Thus, if w a t e r  appli- .  

c a t i o n  is  dec reas  because 05 r a i n ,  as t47as t h e  c a s e  -Ear this y e a r ' s  

e x p e r b e n t ,  l e s s  

A s a l i e n t  re renent  i n  c h i s  type of s tudy  i s  t h e  need f o r  a 

t h e  s t r n d p o i n t  of water a p p l i c a t i o n ,  bu t  Tor f e r t i l i z e r  an 

c a t i o n  as well. 

Srn21L!Y t. 

A carbon d i o  e-water  mixture  w a s  a p p l i e d  wi th  a s 

t r i c k l e  i r r i g a t i o n  system f o r  t h e  pu ose s f  i n c r e a s i n g  CO 

e rooe system, Resu l t s  fo r  

canta loupes  were too v a r i a b l e  t o  achieve  s t a t i s t i c a l  signir'icanc;, 

b u t  t h e  t r e n d  w a s  f o r  Tncreased y i e l d  i n  t h e  p o t a t o  and canta loupes  

wi th  no d i f f e r e n c e  i n  cabbage, Wheat y i e l d  showed a s i g n i f i c a n t  

i n c r e a s e ,  w i t h  t h e  r e s u l t s  f o r  t h e  CG -water t reatment  be ing  s i m i l a r  2 
t o  t h e  CO a i r  t r ea tmen t ,  The q u a n t i t y  of GO2 a p p l i e d  rin the CQ2- 2- 
water  t rea tment  was l i m i t e d  by t h e  amount of i r r i g a t i o n  water used-  
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The cornbination of 60 -water or  CO - a i r  app l i ca t ion& m y  be  used i n  2 2 
i n c r e a s e  CO a p p l i c a t i o n  r a t e s .  

2 
An e f f o r t  should be ~ a d e  t o  s e e  whether the n a t u r a l l y  occur r ing  

h igh  concent ra t ions  of C02 i n  r'ne s o i l  atmosphere could be used t o  

advantage f o r  inc reas ing  the  CO f l u x  t o  t h e  l e a f  by moving t h e  gas 2 
upwards wi th  subsurface  t r i c k l e  i r r i g a t i o n  systems, 

PERSONNEL: F ranc i s  S, Nakayarna --> Barbara A. Rasnick, Dale A. Bucks 
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Table 1. Comparison of wheat yield for the various CO, treatments, 

eat Yield [Tons (metric) /ha] 

Beads Individual 
Treatment rain 7 erne1 w t .  (rag,) 

* Significant at the 1% level, 
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Table 2. Carbon dioxide concentration i n  C 0  water treated plot 2- 

CO Concentra 
2 

(Tf me 

Depth (em) 0800 100 12 

* Analyses for the CO -air treatment; air = 0,06% CO2< 
2 
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1 
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P 

Table 3. Comparison of cabbage y i e l d s  between t h e  CO - t r e a t e d  and 
2 

un t r ea t ed  systems.  

Cabbage Yie ld  [Ton 
P 

Individual.  

Treatment y i e l d  To ta l  heads (glhead)  
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T a b l e  4 ,  Comparison of potato y i e l d s  begween t h e  GO2-treated 

u n t r e a t e d  irrigatjon sys tems .  

Potato Yield [Tons (metric) /ha J 
- 

Jumbo, 

Treatment #I, #2 Culls Total 

W20-only 2 0 - 4  0.89 i, 82 22.7 
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Table  5. Cantaloupe f r u i t  q u a l i t y  f o r  f a l l  h a r v e s t .  

I/ Cavity Cavity Flesh- 

1 / Treat- Genl,- 2 / OutsideL' I n s i d e  Dry- I' l eng th  width firm- Sugar- 2 / 

Date ment cond , Net- c o l o r  co lo r  nes s  ( cm> ( cm) nes s  (a>  

10/23 Check 4 , O  4.7 5.1  3.3 8 5 5.2 4.7 

10130 Check 4,O 4 , 7  4 , 6  5 . 1  3 - 3  8.5 5 .2  4 * 7  9 + 4  

C02 4,5 5 , 4  5,2 5 4 3,7 8,5 5 - 3  5 . 3  9 , 7  

1/ Visua l  eva lua t ion ,  r a t e d  on s c a l e  from 1 zhrough 9 ,  wl th  9 the most d e s i r a b l e ,  - 

2/ Measured w i t h  sugar  re f rac tometer .  - 
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Table  6. Carbon d i o x i d e  c o n c e n t r a t i o n  (%) i n  s o i l  p r o f i l e ,  f o l l o w i n g  t r i c k l e  i r r i g a t i o n  (mean of  

two sampling s i t e s ) .  

Da tes  

Depth 06 S e p t .  06 Sep t .  07 S e p t ,  08 S e p t ,  1 5  S e p t ,  15 S e p t .  22 S e p t ,  22 S e p t ,  29 S e p t .  29 S e p t .  
(cm> (7  hr,) (2,s h r )  (1 h r . )  (2 h r . )  

Dates 

Depth 06 Oct ,  06 Oct ,  1 3  Oct ,  3.3 Oct ,  20 Oct ,  20 Oct ,  27 Oct ,  27 Oct ,  O v e r a l l  
( cn) (2 hr, ) (3. hxL",) (0.5 h r )  (2 hr, ) a v e r a g e  
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FiguVe 2, Carbon dioxide-air gas mixing systen for use in trf ,ckle irrigating tubing. 
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This project is a continuation of the work describe 

outside peer review of  he project  ou 

eea described in t w o  man enrichment sf 

cnti lated gree 

house at ambient C had a higE yield of 8-58 kgfp ian t ,  Unventilated 
2 

suffered a 13% yield 4 ~ c r c a s e  a tewibutablc  to depletion of 60 or 
2 

possible detrimental e f f e c c s  of higher humi 

Before the winter 1977-78 crops, the houses were subdivided into 

recei~veil the standard nutrient level  used i 

first experiment, and t'rrci ncksr rcceived a 50% more conceritrated solu- 

tion. At the standard nurricnt Level, the m a r k e t a b l e  yield o f  Gmazoes 

ambient 60 ilin.iientih.ted "nouses had y ie l ds  64 and 3% greater at 2" 

control. house yielded 9, ail k,c./pi a n t ,  The o t h e r  yic fds were 35, 37, 
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During January and February 1978, rhe eEfec t s  of t h e  t r ea rmen t s  

on tomato t a s t e  were eva lua ted  us ing  t a s t e  a n e l s ,  The r e s u l t s  are 

desc r ibed  i n  '%Effects oE CO enrichment,  vcn t i l a . t i ua ,  a 
2 

concen t r a t ion  oa the  t a s t e  a£ tomatoes" ( K i m b a l L  an M i t c h e l l  1979~)- 

Pour 15-member u n t r a i  

each oE t h e  e i g h t  t r ea tme  us a d d i t i o n a l  

hydroponic greenhouse tomatoes from a markcL, 

appearance, t e x w r e ,  aro  o v e r a l l  consuner 

The f i e l d  tomatoes scored  s i  

g o r i e s  . The hy c tomatoes had b e t t e r  

ut generally were 

oes,  There  w e r e  no s i g a i f i c a r i c  

e f f e c t s  of r any of the s c o r i n g  cate 

a s m a l l  bu-c s t a z i s  t i c a l l y  s ignif  -ic 

ment of c o l o r ,  flavor, acceptability, and r an  

concen t r a t ion  caused a smal b u t  significant improve 

same c a t e g o r i e s ,  

i np ro  ved psychrometer was 

r a t e ,  las~--mai~~Ler?ikncc psychrometer" 

1979a)-  The ures a force-feed 

prevent  drying i ck ,  k miniature p r e c i r c u l a t e s  the water  

over  an  i n n e r  r a  d iatci on s t i ie id .  w a t c r  cools t o  wet bu lb  

tempera ture ,  t iminating t h e  raciiaLion. e r r o r  on. t h e  w c ~  bulb  

crror o f  h e a t  f l o w  i n  r 

a l s o  f e a t u r e s  quick assi.ir!'uly for easy s e r v i c i n g  of the. w-i.ck, The 

psyc'r~rometer will b e  used t o  measure a c c u r a t e l y  t 

a r i d  outdoors  an also i n  a d i f f e r e n t i a l  mode to 

i n  en tha lpy  of t h e  a i r  pas s ing  through a greedlouse,  

rnTFIODS : 

Greenlzouse maintenance i n  197 During the s r i n g  of 1978,  

l i t t l e  o r  no wa te r  was d r a i n i n g  i n t c  t h e  i r r i g a  

i n  greenhouse 112, he c o n t r o l  house. Therefore,  after  L-_he crop had 

been removed from t h e  greechouse, dra inage  t e s t s  w e r e  performed i n  

a l l  fou r  houses by I l o s d i n g  the beds on 12 June 1 
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the decline of water level in the drainage s 

By 19 June, che water eveJs had dropped - 7 5  an 

1.25 and - 7 5 ;  and 1.25 and 1-0 for the '!lowQi an 

greenhouses 2, 2, 3, and. 4 ,  respectively, Ther 

week of 20 June, t e sand in greenhouse 2 was s 

to the other and t e pLast5.c liner was replace 

in the old liner to indicace the cause of t ile the sand 

e east jVlow"")bed, the sump was shortened to 2 

to make it identical to t e other houses, 

rodents don't hurt the new liners, a layer of 2'* 

laid down on the tom of both beds, Concre 

fill in the side Is and curves around the 

consisted of two layers o f  "~u-tuf-4~9from Sta 

the same material liners were made fro 

s, then zhe 

and then the san 

shoveled back, 

At the same the, the cno1in.g systems for a 1 four greenhotrses 

were ref urbishe Loose coaring and corrosion were sa 

the cooling sumps and to.wers an 

recoated w i t .  cooler sealer, 

Cu1"craL proce ures. A Z a L l  crop of tomazoes was sown rin peat ---- 

cubes on 11 July 1978 and transplanted into reer~house on 

4 AugusC 1978, The variety was changed ta " 5" f f r s m   he University 

of Hawaii, The variety change was made bec uring the spring of 

1978, "Tropicp' had developed "Paul Ring's" disease, a yellowring between 

the veins of alder leaves which progressively s into necrotic 

tissue (Rimball an Mitchell, L979d). Dr- Her1 Environmental 

Research Laboratory, University of Arizona, Tucson, personal 

l/ Trade names and company names are included for benefit of the - 
reader and do not infer any endorseurent or preferea - treatment of 

the product listed by the  U, S *  Department of Agric 
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communication) reportr that tobacco mosaic resistanr 

N-65 did not get the disease, 

The greenhouse treatments were the same as Ear the 

winter crop. Briefly, house 1 was enriched to 1000 pE/R wh~never  

the greenhouse temperature r+ras elow 26.5 C, Above 25, 

tional ventilation aporatively mole air was starte 

CO enriclme se 2, the control 
2 

ventilated a-tional. way l-ike house 1 a 

one, Houses 

cooling-tower systems above 26-5 C. 6, they were <~.lst~ 

ventilated wi t -  orative3.y cooled air. Bause 3 was enriche 

to 1350. No enrichment was 

As reported IxsL ye rip lrrigatio a 

tendency to c1 cium phosphates, To solve the pro 

phosphoric aci instead of MH 

phorus source (Pontes, 1977)- To coxiipeasate for the loss of K f rorn 

the KH2P04, mare 
3 
was Then plo compensate 

the amount of C a ( N 0  ), was reduce 
3 2 

result was that the concentrations of all elernen s were thc same 

as for the w i n t e r  1977-78 crop, except Ca, which was reduce 

177 to 126 pprn for the 7i2~w" cmcentxation beds an 

pprn for the "high" concentration beds, The injector 

operated in an alternating mode, That is, separate ps were used 

for stock Z conra2n:ing the phosphate and srock. 2 containing tile 

calcium, A cam timer switched alternately from one to the other with 

water in between. The cycle was: 6 m i n  stock 1, water, 6-min 

stock 2, 6 1 1 t h  water, etc, The clogging problem was greatly reduced 

using II PO as the phosphorus source. 
3 4 

having furnigateci a.ll houses w2th 3 each of methyl 

bromide on 7 July 1 75, a severe disease problem occurred with this 
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crop.  During t h e  month of ovember, a fungus d i s e a s e  which we b e l i e v e  

was B o t r y t i s  c i n e r a  o r  gray  nrold became very  p reva len t  in house r ,  On 

17 November 1978, t e p l a n t s  from this house were a r v e s t e d  for a 

f i n a l  t ime and The Lower senescent  l eaves  on the p l a n t s  

i n  t h e  ocher  houses were remove more generously than  usua l ,  and t h e  

p l a n t s  were s weekly ia i th  Benla te  a t  a concent r  t i o n  of 2 tsp/gal 

of water .  There was some 1 . 0 ~ ~  o f  f r u i t  i n   he o t h e r  ouses,  hut no 

l o s s e s  of Whole p l a  

roblem we Eound w a s  char. t h e  v a r i e t y ,  N--65, was p a r t l y  

determinant  i n  i t s  gzo t"n Some of t h e  pilants i n  every  house developed 

Other  p l a n t s  d out a vigorous 1 

a p i c a l  shoot  p ica1  shoot w a s  p r  

a t  v a r i o u s  t imes ,  

To have some measure of t e s t a t i s t i c a l  e r r o r  i n  c 

d a t a  f o r  t h e  ren"r.Lreatnents, f i v e  p l a n t s  .En the '"ow" beds and 

seven i n  t h e  "high9" s were rarzdomly seiecred, a n d  t y i e l d s  fro= 

On 20 March 

from each t rea tme c ~ e d  f o r  Vitanlin A and C 

were chosen on t h  ppear ing  r i p e  and u ~ r i f o r  

p laced  i n  l a b e l e d  ags and f rozen  over 

On t h e  next  day they  w e r e  packed wi th  dry i c e  and s ed to t h e  Western 

Regional. Research Center ,  Berkeley, Californlba, cou r t e sy  of  D r ,  Gary M, 

McDonald, Research C l x m k t ,  They were kept  frozen unt i l .  time f o r  t h e  

ana lyses .  

The methods of ana lyses  a r e  descr ibed  i n  Freed (I 66) -  B r i e f l y ,  

one tomato comprise one sample, It was divided i n  two p a r t s ,  one 

p a r t  w a s  made into a 50% a l coho l  s l u r r y  and f rozen  far subsequent  

Vitamin C a n a l y s i s ;  t h e  o t h e r  p a r t  was l y o p h i l i z e d  and analyzed f o r  

Vitamin A. 
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T h e  Vitamin A was analyzed as B-carotene by c 

raphy p u r i E i c a t i o n  an spec t ropho tome t r i ca l ly  d e t e  

t r a t i o n  a g a i n s t  a s e t  of s t anda rds ,  B-carotene wa 

Vitamin A by t e factor  0-60 mcg, of -caro tene  eq  

of Vitamin A a s  ass igned  by t h e  n i t e d  S t a t e s  Pharmacopeia, 

The t o t a l  Vitamin C a n a l y s i s  consisted of conve 

a c i d  t o  dehydroascor with bromine an 

a s c o r b i c  a c i d  calorimetrically 

of greenhouse 

Second, t h e  tube radiameters were r e  

us ing  a t u b e  so lar i sne ter  and a 

diameter  rod,  Then the t h  

d a t a  a c q u i s i t i o n  s y s  

RESULTS : 

Environmental The environmental con 

f a l l  1978 crop o u t s i d e  and i n  t i l e  greenhouses a r e  summarized i.n 'Cables 

2 and 2 ,  The convent iona l ly  coaled greerihouses (1 an 2) r e c e i v e d  an 

average of 41% of t eir solar r a d i a t i o n  i L e  no t  ventilate 

t o  67% f o r  i h e  cooling tower systems (3 and 4 ) -  The i n s i d e  average  

daytime a i r  temperattire ran& from about 27 C i n  August 

December. The corresponding nightxime temperatures  ranged from 25 
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to 16 c, The relative humidity of the air in the conventionally 

ventilated, fan-pad cooled greenhouses varie from 66% during the 

day in August to about 0% during the day in November to about 85% 

at night in winter and sum-er, In he mventilate 

the relative humidity was close to 85% most of the time, decreasing 

in December when the heaters added dry heat, 

The average day and aight C 0  concentratio 2 
listed in Table Air ni.ght, res 

the CO generators increased the concentrat i 
2 2 

above daytime values, The decreasing trend for the ventilated, 

ambiene house probab a.rtly real an 

to our practice of ca1.ihratin.g the analyzers wiC 

Thus, they are more accurate near J 

levels. 

Ie comato yields ..t 

dual plants are pres e eonvenrionally 

ouses durkng ctober and Wove 

ividuai pl an s for t h e  first half  of 

November in T le 3 shows that indee 

house generally did yield significantly higher t ;ul the other green- 

houses, In December, the CO -enriched ouses ouLyielde 2 
house (Pig. 1) ~72th the result in Ta%le 4 that t ere was no signi- 

ficanl: difference in the 27 Qet - 2 Jan yields etveen the three 

greenhouses. so, there was no significant ifference due to 

nutrient concentracion in either table, 

The magnitude of the yields in Fig. l are roughly ~lde same as 

found last year lor the first 3 months (December, January, February) 

of the 1977-781 winter crop, For those first three months of that 

crop also, there was very little effect of the 2 
enriclment on 

yield. The reason fur a lack of response is no clear, It is con- 

sistent with the observanion in the Northeast that. spring crops out- 

yield fall crops and respond more to CO enrichment Brooks et aL., 2 
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1973). This  crop a l s o  ?.lad two roblems t h a t  added u n c e r t a i n t y  t o  the  

da ta .  A s  mentioned e a r l i e r ,  t h e  f i i s t  was t h e  tendency of some of the  

N-65 p l a n t s  t o  be determinant and s t o p  vegetable  growth and lo r  produce 

p a r t i c u l a r l y  vigorous l a t e r a l  shoots  t h a t  could be mistaken f o r  t h e  

a p i c a l  shoot ,  T e r e s u l t  was a v a r i e t y  of p l a n t  

Superimposed on t h e  variety-cause v a r i a b i l i t y  was the o ~ ~ t b r e n k  

of B o t r y t i s ,  Whether e i t h e r  of t h e s e  problems was i n  f a c t  more seve re  

i n  t h e  CO -enriche t i r a t e d  houses d may have ne  
2 

t i v e  response t o  i s  unsure, However, t h e s e  t r e  

have h ighe r  perce  11 o r  unmarketa le f r u i t  than t h e  c o n t r o l  

i n  Fig, 2, The cu percentage f o r  he ambient CO 
2" 

e was a l o w  l0%,  while  t 

ereenrages  close Lo 

e terminated % c u l l s ,  caused 

p r imar i ly  by t h e  o t r y t i s ,  Cf t e unmarketable f r u i t  y i e l d s  are 

added t o  the mar Le, the to ta l .  fruit y i e l d s  from t h e  v a r i o u s  izouses 

a r e  even c l o s e r  t an t h e  marketable y i e l d s  were alone ,  

i n  F ig ,  2 are the average s i z e s  of ehe markezable 

f r u i t ,  There i f  fereace  between t h e  reataients,  T 

tomatoes w e r e  sonlewhai: s a n  the t r o p i c  tomatoes re 

v ious ly ,  Tropic  average about 0.22 k g / f r u i t  compared t o  

t h e  N-65. 

The t o t a l  dry matter yLeLd from t h e  above ground p l a n t  p a r t s  i s  

a l s o  shown i n  F i g ,  3 w i t h  t h e  exception of t h e  GO -enriched, vent i l la ted  2 
house that had t e E o r r y t i s  au~brea lc ,  Tlze c o n t r o l  house produced 

s l i g h t l y  more dry  ma t t e r  a t t h e  s tandard  n u t r i e n t  level, but genera l ly  

t h e  d i f j e r e n c e s  were small .  

GO recovery: The amount of n a t u r a l  gas suppl ied  t o  t h e  green- -2 
houses expressed a s  kg 60 /p.bant 5.s presented i n  T a b l e  5, The f a l l  

2 
months used more C 0  t han  t h e  summer because of less v e n t i l a t i o n  and 2 
more than  t h e  winter stmnths because of longer  days. The recovery 

percentages a r e  s l i g h t l y  h igher  Lhan last year ,  a b 0 ~ t  22 co  

19%.  
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I n f i l t r a t i o n :  Table 6 p r e s e n t s  r e s u l t s  of some tests t o  measure 

t h e  rate of a i r  i n f i l t r a t i o n  i n t o  t h e  greenhouses,  The CO g e n e r a t o r s  
2 

were tu rned  on t o  raise t h e  C0 concen t r a t ion  t o  h igh  l e v e l s  i n  r h e  
2 

greenhouses and then  tu rned  o f f ,  Then t h e  kg of concen t r a t ion  w a s  

p l o t t e d  a g a i n s t  t ime to e termine  t h e  L n f i l t r a t i o a  r a t e  (air changes/ 

hour)  f o l lawing  Kuslnger ( 1  3) and a l s o  t h e  v e l o c i t y  of a i r  exchange 

p e r  u n i t  of w a l l  area EoLlowing kada and Takakura 73).  Green- 

houses 3 and 4 are b e t t e r  ed than  1 and e s p e c i a  2,  as evidenced 

by t h e  0.48 and e s  p e r  hour f o r  greenhouses 3 an 

compared t o  1 - 0 2  greenhouses I and 2 ,  The v e l o c i t i e s  

c a l c u l a t e d  from a and Takakura 73) came c l o s e r  

t h a n  expected t o  va lues  cons ide r ing  t h a t  they  worked w i t h  

g l a s s  houses,  no The i r  equat ion  appe rs t o  need an 

t h e  e x t r a  exchange caused by t 

i n  t h e  drzcts of greenimouse 3 and 4 when they  were on, 

s Erom t h e  2 

d u e s  of bo th  Vitamin A and C, The 

U,S ,P ,  uni ts / lOO gm f o r  A and 

and MerrilJ, 

e l  Because t h e  va lues  were so low, t hey  

a lyzed  and w i l l  n o t  r e s m t e d ,  As  a r e s u l t  

a l  checks w e r e  i n c l u  

samples,  These inc lude  u r c b a s i i ~ g  f i e l d -  and 

greenhouse-grown tomatoes from a Phoenix market f r e e z i n g  and sh ip-  

p i n g  them a long  w i t h  the experimental  tomatoes. N-so f r e s  

were purchased Erom a Berkeley market and were analyzed. l o r  Vitamin C 

on t h e  same day t h e  f rozen  samples were ana lyze  

The r e s v l t s  a r e  presented  i n  Pig.  3 and Tables  7 and 8 ,  F i r s t  

r e f e r r i n g  t o  F ig ,  3 an  Table 8, t h e  Vitamin @ con ten t s  from a l l  t h e  

f rozen  samples were s l i g b t l y  lower than  t h e  f r e s h  tomatoes and a l l  

were lower than  t h e  book values.  The d i f f e r e n c e  wasn ' t  of t h e  

same o r d e r  of magnitude as the March samples,  however, s o  i t  is 

probably s a f e  co assume "rat the f r e e z i n g ,  s t o r a g e ,  e t c ,  a f f e c t e d  a l l  

t r ea tmen t s  the same, Thus, cont inuing  t o  focus on Vit.am:in C, t h e  
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"f ieldr' tomatoes ha significan~ly less thar: most of the other treat- 

ments, There was no signiiri.cant difference in itamin C among 21ny of 

the treatments for t erimental tonlacues , nor were the "greenl~ouse" 
tomatoes significantly 

Referring to Table 7 and Fig, 3, the "'iielcl'homataes 

cantly less Vitamin than thc  -i~nvenLilate grcerrhouses ancl the  high 

nutrient, 100 I.IR/R ventilaised t reat~oent . The "'grcenhorxsePg toma~oes 

were not significant 

ambient CO ve sigaificaat1y 
2" 

the GO -enric ouses w i t h  the exception of r 2 
treatment of the other ventila&ed, 

Thus, we GO enrichment and lack of ventilation did 2 
not h a m  the Vit and C content of the tomatoes, I 

treatments incse itamin A content slightly, 

R Figs ,  4 and 5, 

e of year, The characteristi 

of soil temperature is a 

3 0 - 0  C in September wherea 

reached a maximum so ewhae higher t an. 30 G during the S1x1.y 

data, 

Energy c t i o n ,  Thc .Length of cime per monf?~ "ihrzc the heating, 

cooling and emergency ventiiai-Lon systems were in o erarioa i s  listed 

than LO hrs per i g h t ,  During August, aLI the. coolers were in opera- 

tion more than 12 igh humidity 

made the unventilatin coolirrg sys ems inadequaee for 7 to 8 hours per 

day, so the emergency vents opene d 60 enricimment d i d  not occur 2 
during these hours, ur ing  Septenber, the emergency ents were open 

about 2-3 hrs per day, dccreasi-ng to only a few minutes on 

for the other mont 

The energy co l a r s t  is s1iorrirc-1. in Tabbe 1 

were computed f rom Ta , using the power ratings for 
systems Liste at the top of Table 10, The power ratings were deter- 

mined from voltage and am erage nieasurements as j_n the 1977 
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Annual Report. The u n v e n t i l a t i n g  cool ing  systems requi red  about  f o u r  

t imes a s  much energy f o r  cool ing  a s  t h e  conventional  cool ing  systems. 

Water consumption, The amounts of water  l o s t  Erom t h e  coo l ing  

and i r r i g a t i o n  systems a r e  l i s t e d  i n  Table 11, The cool ing  system 

d a t a  a r e  no t  very l o g i c a l .  I n  August when t h e  emergency v e n t s  were 

open a l a r g e  p o r t i o n  of t h e  day, t h e  water  consunption of t h e  unven-. 

t i l - a t i n g  cool ing  systems should. have been about double rinstead of 

n e a r l y  equal  t h e  conventional  system because evaporat ion could  occur 

both  i n  t h e  coa l ing  towers and t h e  spray chambers on t h e  greenhouses, 

Then i n  October t h e  consrunption should have been s i m i l . a r  f o r  t h e  two 

systems i n s t e a d  of 3 t o  5 t imes a s  much f o r  t h e  u n v e n t i l a t i n g  system. 

The water  meters o r  l e a k s  must have d i s tu rbed  t h e  cool ing  d a t a ,  The 

evapo t ransp i ra t ion  d a t a  a r e  more l o g i c a l  wi th  t h e  convent ional  green2 

house using about twice a s  ~nucb water  i n  accordance wi th  t h e i r  lower 

humidity (Table 3 

SZTMMARY : 

The y i e l d  response of tomatoes t o  CO enrichment i n  u n v e n t i l a t e d  2 
greenhouses was evalua ted ,  A 1977-78 win te r  crop of t h e  "Tropic" 

ave y i e l d  inc reases  of 50Z with  a l l  of t h e  e n e f i t  .from CO 2 
enrichmen"c0mirrg i n  n ths .  This was c o n s i s t e n t  wi th  

t h e  f i r s t  crop g r a m  i 7. Then a f a l l  c rap  of "B-6 

c u l t i v a r  f a i l e d  t o  show a s i g n i f i c a n t  response t o  CO This  crop 2" 
s u f f e r e d  from a B o t r y t i s  outbreak and Erom being somewhat determinant  

i n  growth h a b i t .  Thrrs t h e  l a c k  of response wi th  crop could poss ib ly  

be  a t t r i b u t e d  t o  t h e  d i sease  o r  growth h a b i t  o r  t o  j u s t  be ing  f a l l .  

Tas te  panels  were conducted t o  s e e  i f  t h e  greenhouses were 

a f f e c t i n g  tomato t a s t e ,  There were no s i g n i f i c a n t  e f f e c t s  of  CO 
2 

concent ra t ion ,  bu t  l a c k  of vent i la t . ion  caused a sma l l  but  statisti- 

c a l l y  s i g n i f i c a n t  impairment of co lo r ,  f  3.avor , accep tab i l i - ty  , and 

rank. Higher n u t r i e n t  concent ra t ion  caused a smal l  b u t  s i g n i l i c a n t  

improvement of t h e s e  same ca tegor i e s ,  

Sample tomatoes were f rozen and shipped t o  t h e  Western Regional 

Research Center,  Berkeley, Ca l i fo rn ia ,  f o r  Vitamin A and C ana lyses ,  

The r e s u l t s  showed t h a t  C 0  enrichment and l ack  of v e n t i l a t i o n  d i d  2 
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not affect the Vitamin C content of the tomatoes, and actually 

increased the Vitamin A content slightly. 

Additional data were obtained on the environmental conditions, 

energy consumption, and water consumption of the ventilated and 

unventilated greenhouses. The results were similar to last year 

with about 25" MJlplant required for cooling the unventilated 

houses compared to 80 for the ventilated, The cooling water data 

were inconsistent, but the evapotranspiration data showed about 

140 %/plant of irrigation water were used in the unventilated 

greenhouses compared to 230 in the ventilated, 
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Table 1. Monthly average environmental conditions for the fall 1978 crop inside and outside the 
ventilated (V) and unventilated (U) greenhouses for a11 houses in a ventilation category. 

Outside air Inside air Inside relative 
Solar radiation temperature ( *  6 )  humidity (%) 

Daily While unven- Dry bulb Wet bulb Day Night .-..&2L Night 
total tilated (%) 
3 1 ~  / m2 V U rnax min max min V U V U -br U V u 

Aug 27.18 4 23 37.9 23.9 22,6 18,O 27-0 26-2 24,9 25,3 66 83 76 86 

Sep 22.94 19 65 35-0 21,O 2 0 - 7  1 6 0  25,825,2 23.623,8 71 89 85 91 

Oct 16,58 63 99 30,8 16,2 17.8 12,9 24,9 24,4 19,9 20,l 78 91 90 93 
P 
C 
I Nov 10.95 90 100 19,8 9.1 12-9 7 - 4  22,522.2 15.616.6 80 88 85 89 
L1 

3 Dec 10,24 100 
Avg for 
fall 
crop 17.58 41 67 27.7 13.3 16.5 20.1 24-4 24,O 20.1 20,3 74 87 81 88 
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Table 2.  The average day and n igh t  CO concent ra t jons  f o r  t h e  f a l l  
2 

1978 crop by month i n  t h e  four  greenhouses. 

Month 
Z 

Vent i l a t ion :  

Nominal CO 
2 : 

August 

September 

October 

November 

December 

Average f o r  
f a l l  crop 

Average GO Concentration ( ~ R / R )  2 
Day Night - 

V V U U V V U U 

amb. 1000 1000 3.350 amb. 1000 1000 1350 

Z 
V = v e n t i l a t e d  with conrrerrtional fan-pad evaporat ion coo le r s  a"c26,5 C, 

U = unven t i l a t ed  un les s  emergencies o r  humid weather forced  v e n t i l a t i o n  
a t  29.5 C. 
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Table 3. Total marketable fruit yields of selected plants from 27 October 
to 17 November 1978 and analysis of variance (following Snedecor, 
1956, p. 379) for the ventilated (V) and unventilated (U) green- 
houses at various 60 concentrations and standard (S) and high 

2 (K) nutrient concentrations. 

Plant No. Marketable fruit (kg/plant) 

Ventilation : V V U U V V U U 

CO, (pX/X) : amb. 1000 1000 1350 anib. 1000 1000 1350 

Nutr. Conc, S S S S 2-Z EI I1 El 

3 1,55 1-29 0,34 0-72 2-39 0-50 1-14 1-20 

4 1.24 0-93 0.83 0.44 1.05 1*07 0,238 1,26 

5 1,80 0.92 0-6.3 1,87 1-76 0.40 1-23 1+05 

6 2,38 -56 0-41 1-11 

7. - - - - -  3-76 -30 0-89 1-57 - - - - -  

Mean 2-69 1-08 0.72 1.24 2.09 0.95 1-15 1-35 

ab bc c b c a c bc bc 

Least Significan"Liffercnce (.05) = 0-66 

Source of Varia= - d f - SS - MS - F 

Concentration of nutrients 1 0.4267 1.36 

Greenhouse (ventilation - CO ) 3 6,8590 2,2863 7.27** 
2 

C x G  3 0.6005 0.2002 0.64 

Error 39 12,2661 0.3145 

** Significant at 0. Ol 
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Table 4. T o t a l  marketable  f r u i t  y i e l d s  of s e l e c t e d  p l a n t s  from 27 Oct 1978 
t o  2 January 1979 and a n a l y s i s  of va r i ance  ( fo l lowing  Snedecor,  
1956, p, 379) f o r  t h e  v e n t i l a t e d  (V) and unven t i l a t ed  (U) green- 
houses a t  v a r i o u s  602 concen t r a t ions  and s t anda rd  (S) and h i g h  
(R) n u t r i e n t  concen t r a t ions .  

P l a n t  No.. Marketable f r u i t  ( k g / p i a n ~ )  ---- 

V e n t i l a t i o n :  V U U V U U 

Mutr , Cone, : S S S B H B 

6 

7 - 

Mean 

Source f SS MS - -- - F 

T o t a l  34 136,17 

Treatment 5 29-14 5-83  l . 5 8  

E r r o r  2 9 107.03 3.69 
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Table 5. CO consumption and CO recovery percentage in plant dry matter 
2  2  

for N-65 romatoes, fa11 1978, for the ventilated (V) and unven- 

tilated (U) greenhouses at various CO enrichments, 
2  

Month CO Supplied (kg/plant) 2 
CO Recovered (% of supplied) 2  

Greenhouse No,: 1 3 4 

Ventilation : V U U 

Oct 1-39 1-92 2.46 2 9 19 17 

Nov 1 - 3 4  1.50 1-71 45 2 3 1 9 

Total: 4 - 4 5  7.05 6 , 6 2 *  Average 21 22 24* 

Gas meter ma1funcEional and had to be replaced during September. 
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C o n d i t i o n s  
Wall a i r  v e l o c i t y  

t e m p e r a t u r e  wind c o o l i n g  I n f i l t r a t i o n  Wall 
Greenhouse i n s i d e  o u t s i d e  speed  sys tem R a t e  Volume area Measured C a l c u l a t e d  

(c)  (c)  ( a i r  changes /h r )  - (in ) - (m3) (m 3 - 2  m h r  -1 ) (m 3 - 2 h r - 1 )  n 
z 

(m/s) f a n  
3  

'No, 

1 2 4 , 8  25,O 6 ,42  o f f  1 .02  90.3 101.0  0 , 9 1  0 ,69  

2  24.8 25,O 1 , 5 3  o f f  3 , 6 5  82 ,5  S6 ,8  4 , 5 1  0.74 

2 5 , l  25,G 1 - 2 6  off 2 ,19  8 2 - 5  6 6 , 8  2 - 7 1  0 , 6 0  

3 25.7 2 5 - 0  1 - 4 2  o f f  0 , 6 4  90.3 l 0 1 , 9  0 - 5 7  0.74 

2 8 , 6  2 8 , 1  1, 04 on 1 - 3 1  9 0 , 3  1 0 1 , 9  1 . 1 6  0 ,56  

29.3  2 9 - 2  1,3O on 1 . 7 4  9 0 - 3  1 0 1 - 9  1 , 5 4  0 .62  

4  2 5 , 9  25.0 1 , 4 2  o f f  0 - 4 8  9 0 , 3  1 0 1 , 9  0 , 4 3  0.76 

2 8 . 1  28.1  1 . 2 6  on 1 . 4 5  90.3 101.9  1 , 2 8  0 .55 

When t h e  c o o l i n g  sys tem f a n  was o f f ,  small. c i r c u l a t i o n  f a n s  were  on i n  the greenhouses ,  

3  -2 -1 
Vw(m m C ) = 0.44 * U (m/s) 4- 0.14 * from Okada and Takakura (1973).  
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1. , of ria -(fo' " ring " ~def- 19"' p. - 7 ~ )  y ~ : ~ ~ ~ ~ - -  A CC-L-.~~ C~ XT-65 - 'i 3 

tomatoes for ventilated (V) and unventilated (TI) greenhouses at various CU 2 concentratrons 
and standard (S) and high (H) nutrient levels. The tomatoes were sampled on 13 November 
1978, The "greenhouse" and "field" tomatoes came from a Phoenix n-arket. Analyses were 
performed courtesy of the Western Regional Research Center, Berkeley, California. 

Sample No, 3) 
Ventilation : V V U U V V U U 

9 (il%/u: amb . 1000 1000 1350 m b a  roo0 1000 1.350 

Nutr, Gonc,: 5 S S S M -- H - B N field - - greeohouse 

1 633 550 650 0 0 733 667 367 7 6 7 

2 533 650 883 750 500 900 817 883 667 733 

3 617 567 G5O 583 867 767 550 - 633 

P 4 617 617 - 833 633 - 833 750 550 5 33 
C- 

I 
iV 
0 

5 41.7 667 833 733 633 483 800 - 933 - 500 600 

Mean : 563 610 754 754 560 788 790 757 521 653 

Least Significant Difference (.05) = 145 

Source of Variance -- d f S S MS P 

Concentration of nutrient 1 29 587 29 587 2.53 
Greenhouse (Ventilation-CO ) 2 3 233 042 77 681 6.65 * 
C x G  3 43 837 14 612 1 , 2 4  
Error 29 339 007 11. 690 

Significant at 0,05 

Annual Report of the U.S. Water Conservation Laboratory



-- - - -- - - 

T m ~ e  8. ~nalysls of variance (foisowing axiedec-~r, 193v, p. . ~ j s ; ,  of vliamril c OL ;; -65 
tomatoes for ventilated (V) and unventilated (U) greenhouses at various GO2 concentrations 
and standard (S) and high (H) nutrient levels, The tomatoes were sampled on 13 November 
1378. The "greenhouse" and "field" tomatoes came from a Phoenix market and were frozen 
with the other tomatoes, The "fresh" tomatoes came from a Berkeley market and were never 
frozen. Analyses were performed courtesy of the $Jestern Regional Research Center, Berkeley, 
California, 

Sample No, 

Ventilation: 

co2 w,/u: 
Nutr ,  Cone. : 

Mean : 

Vitamin C (mgf100 g )  

V 

amb , 

s 
13.4 

10.1 

l4,7 

14.4 

11.9 

12.9 

de 

V 

1000 

S 

12-2 

17. G 

12-8 

12.1 

18,4 

14.6 

bed 

Least Significant Difference (-05) 

Source of Vartance 

Concentration of Nutrient 

Greenhouse (Ventilation - GO2) 
C x G 

Error 

v 
amb . 
H 

15-3 

15.3 

11,s 

13,9 

12,3 

13,7 

bcd 

= 2.6 

d f - 
1 

3 

3 

U 

1000 

H 

14.0 

12-4 

13.9 

13,3 

12,3 

13.0 

cde 

field 

9,9 

11,9 

11*2 

9,0 

12,1 

10,8 

e 

greenhouse 

l8,6 

13.1 

12.9 

9.6 

11,8 

13,2 

bcde 

fresh 

18.5 

17-3 

17.7 

17.1 

19,l 

17.9 

a 
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Table 9. Monthly t ime of ope ra t ion  of hea t ing ,  cool ing ,  and emergency v e n t i l a t i o n  systems, 1978. 

Greenhouse No. and V e n t i l a t i o n  Type 

1 2 3 4 

Month 

May 

1 - 12 J m e  

P 
-F. 
I 

t-2 August 
N 

September 

October 

Novemb e r  

December 

T o t a l  f o r  
crop 

V e n t i l a t e d  Venci la ted  Unvent i la ted  Unvent i la ted  

h e a t  coo l  ven t  - -- - h e a t  coo l  vent  --- h e a t  c o o l  ven t  --- h e a t  coo l  ven t  --- 

F a l l  crop (4  August 1978 - 2 January 1979) 
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Table 10. Energy consumption, 1978. 

Power (kw) : 

Xay 

1 - 12 June 

August 

September 

October 

November 

December 

T o t a l  f o r  
crop 

Greenhouse No, and V e n t i l a t i o n  Type 

I 2 3 4 

V e n t i l a t e d  V e n t i l a t e d  Unvent i la ted  Unvent i la ted  

h e a t i n g  cooling h e a t i n g  c o o l i n g  - h e a t i n g  c o o l i n g  h e a t i n g  cool ing  

F a l l  crop (4 August 1975 - 2 January 1979) 

~ J / p l a n t  = (hours)  x (kw) x (3600 s e c / h r )  x (1000 e) x (loe6 g ) / ( 5 0  plants) 
K1.7 J 
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Table 11. Water consumed by the cooling systems, supplied to the plants by the irrigation 
system, and evapotranspired from soil and plants, 1978, 

Cooling Avg . Evapotranspiration 

Water Irri- Greenhouse No. - Ventilation 
Greenhouse No* gat ion 1-V 2-V 3-u 4-u 

Month --- 1 & 2  3 4 Water __ S H S B S H S H  - - I_ ___ - - 
(----------------------------- &/plant) ............................. 1 

May 176 553 821 5 8 42 7 45 40 35 41  56 42 

1-12 June 125 616 198 31 22 24 18 18 20 39 19 

i-' 
C 

1 August 797 880 956 83 31 29 41 34 22 20 14 8 
h) 
c. September 395 676 1005 9 9 67 60 82 66 9 49 60 46 

October 169 1192 535 4 6 48 39 64 56 53 33 38 24 

November 16 90 97 58 9 5 31 18 17 17 13 1 

December 0 2 0 29 - _ _ _ I _ _ _ _ _ _ C _  - 30 42 11 37 33 - 34 - - -- 8 3 

Total for 
crop 1377 2858 2622 369 
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Figure  I, Mean 

UT R. 
COMC. 

S 

S 

S 

S 

H 

I-f 

H 

y i e l d s  of marketable. N-65 tomatoes from v e n t i l a t e d  (V)  and unven t i l a t ed  (U) greenhouses - 

. at  va r ious  C02 enrichments and a t  s t anda rd  ( S )  and h igh  (B) n u t r i e n t  concen t r a t ions ,  The 
dashed l i k e s  a r e  t h e  cumuiative y i e l d s  on 1 7  November 1978 when' house i was te rmina ted  because 
of grey mold, The November p l u s  December y i e l d s  were no t  s i g n i f i c a n t l y  d i f f e r e n t  a t  5%-  
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Figure  2, Percent  of unmarketable c u l l s  (kg c u l l s  x 100/kg t o t a l  fruit), average  marketable  f r u i t  
s i z e  and t o t a l  above ground d ry  ma t t e r  produc"b7on farom v e n t i l a t e d  (V) and unven t i l a t ed  (U) 
greenhouses a t  va r ious  CO enrichments and a t  s t a n  a r d  (S) sad  h igh  (H) n u t r i e n t  concen- 2 t r a t i o a ,  The dashed l i n e s  show the  amount of dry  ma t t e r  produced from " s h e  nrarlcetable 
fruit, 
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GREE 

FIELD 

FRES 

Figure 3. Vitamin A and C content of N-65 tomatoes sampled 1.3 November 
1978 for ventjlated (V) and unventilated (U) greenhouses at 
various C02 concentrations and standard (S) and high (H) 
nutrient levels, The "greenhouse" and "f ield9' tomatoes came 
Erom a Phoenix market and were frozen with the other tomatoes. 
The "fresh" Lomatoes came from a Berkeley market and were 
never frozen. The "handbook" values are from Watt: and 
Merrill (1963), Analyses were performed courtesy of the 
Vestern Regional Research Center, Berkeley, California. 
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Figure  4 ,  ~ o i l  temperatures st midnight and axorage daily air temperatures for bare Axiondale 
loam in Phoenix, Arizona, for 1978, 
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TITU: WASTEWATER RENOVATION BY 

FQR GROUNDWATER l3ECURGE 
i 1 

NRP : 20790 

IXTRODUCTION :: 

SPREADING TREATED SEWAGE 

CRIS WORK WIT: 5510-20790-001 

CODE NO.: Ariz,-WCL 67-4 

The research a t  t h e  Flushing Meadows Pro jec t  abruptly came to  a 

h a l t  on 3 March 1978 because severe r a i n  on the  watershed of t h e  S a l t  ' 

and Verde Rivers forced the  re lease  of water  from the  r e s e r v o i r s  a t  a 

r a t e  t h a t  peaked at about 145,000 c f s .  This flooded t h e  Flushing 

Meadows P r o j e c t ,  knocking down the  fence, f i l l i n g  t h e  bas ins  wi th  sedi -  

ment, and c u t t i n g  a new e f f l u e n t  channel through the  access road while 

covering the  concrete bridge over the  o l d  channel with sand, The 

project: got flpoded again i n  ~ecember  1978, when a l a r g e  flow was a l s o  

re leased from Lake Pleasant  on the Agua F r i a  River. The f u t u r e  of the  

Flushing Meadows P r o j e c t  is uncer ta in  a t  t h i s  time, 

The 23rd Avenue P r o j e c t  was not  operated a t  a l l  i n  2978 because of 

a delay i n  t he  const ruct ion of the  by-pass channel i n  the  80-acre pond. 

The primary-ef f luent recharge p ro jec t  a t  t h e  Mesa Sewage t r e a t -  

ment p l a n t  w a s  operated during the e n t i r e  year  of 1978. 

D r .  J ,  C. Lance returned from h i s  temporary assignment wi th  t h e  

National  Program S t a f f  i n  B e l t s v i l l e  i n  July 1978. 

I. FLUSHING PIEADOWS PROJECT 

I. Basin Management and I n f i l t r a t i o n  Rates. 

Since the NW -N content  of the  renovated water  i n  1977 was s t i l l  4 
on a downward t r end  following a change i n  1974 t o  a 9-day-flooding 

12-day-drying mode a t  6-inch water  depth, t h i s  schedule was continued 

i n  1978. The condit ion of the  bas ins  was about the  same as  i n  1977, 

i .e .  bare  s o i l  and a 3/8-inch sludge l a y e r  (dry) f o r  b a s i n  1, grave l  

l a y e r  wi th  3/8-inch sludge l a y e r  f o r  bas in  2 ,  o l d  vegeta t ion r e m a n r s  

(bennudagrass , sudangrass) and 3/8-inch sludge l a y e r  i n  bas ins  3, 4,  

5, and 6. 

I n f i l t r a t i o n  r a t e s  f o r  the  th ree  periods a r e  shown i n  Figure 1- 

Records were ava i l ab le  only f o r  the  f i r s t  two flooding per iods ,  The 

graphs f o r  the  t h i r d  per iod were s t i l l  on the  water-stage recorders  
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when the  March f lood  h i t .  Thus, i n f i l t r a t i o n  r a t e s  f o r  t h e  t h i r d  

f looding  p e r i o d  have been ex t r apo la t ed  from those  f o r  t h e  f i r s t  two; 

The t o t a l  i n f i l t r a t i o n  f o r  t he  t h r e e  pe r iods  was 41 f t  (average f o r  

t h e  s i x  b a s i n s )  . Adding t h i s  t o  the  previous cumulative i n f i l t r a t i o n  

of 2473 f t  y i e l d s  a t o t a l  accumulated i n f i l t r a t i o n  of  2514 f.t: f o r  t h e  

l i f e  of  t h e  p r o j e c t  from September 1967 t o  March 1978- 

2, Nitrogen. 

'The total-N concent ra t ion  of t h e  secondary e f f l u e n t  averaged 

3 3 , 2  mg/l,  of  which 31,2 was N1-I N ,  0.16 NO N ,  and 2.9 o r g a n i c  N. 
4- 3- 

With t h e  except ion  of  one high va lue ,  t h e r e  was no t  too much s c a t t e r  

i n  t h e  total-N con ten t  of  t h e  e f f l u e n t  (Figure 2) ,  Host w e l l  samples 

showed t h e  t y p i c a l  NO -N peaks i n  the  renovated w a t e r  due t o  t h e  a r r i v a l  3 
o f  e f f l u e n t  wa te r  t h a t  i n f i l t r a t e d  i n  t h e  beginning of a f lood ing  p e r i o d  

and leached n i t r a t e  formed during drying i n  t h e  upper s o i l  l a y e r s  

(Figures 2 and 3 ) .  The NH N concent ra t ions  i n  t h e  renovated water  
I 4- 

gene ra l ly  were below 1 mg/l, except  f o r  ECW where i t  climbed t o  about 

4 mg/l (Figures 2 and 3 ) -  Average N-concentrations i n  mg/1 f o r  t h e  

renovated wa te r  were 

NO2--N NO3-N m4-N Organic-N T o t a l  N 
- - - . . 

Well 1-2 0 ,04  5 . 1  0.6 0.2 5.9 

Well 5-6 0.04 8.3 0.24 0.55 9.1 

Well 7 1.28 7 . 1  0.02 0.33 8.7 

The N-removal appears t o  be  about t h e  same a s  i n  1977, when it 

averaged 63 pe rcen t  f o r  t h e  w e l l s  1-2, ECW, and 5-6 between t h e  bas ins .  
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I .  Phosphate.  

Aver age PO P concent ra t ions  and removal p e r  cent ages were 4- 

PO4+ 

mg/l 

Ef f l u e n t  8.12 

Fie11 1 0.8 

'GJell 1-2 3.1 

ECW 

W e l l  5-6 

W e l l  7 

Removal 

Graphs of PO P concent ra t ions  i n  e f f l u e n t  and f o r  renovated w a t e r  4 
irom va r ious  w e l l s  are shown i n  F igure  4 ,  The r e l a t i v e l y  h i g h  PO P 

4- 
concen t r a t ions  i n  t h e  renovated w a t e r  from shallow w e l l s  1-2 and 5-6 

ts compared "c t h e  lower concent ra t ions  i n  t h e  deeper  EC%I and o u t l y i n g  

w e l l s  1 and 7 i n d i c a t e  t h a t  PO removal cont inued w i t h  a d d i t i o n a l  4- 
. r a v e l  of t h e  renovated wa te r  i n  t h e  a q u i f e r .  

t. Organic Carbon. 

TOC concen t r a t ions  were determined w i t h  t h e  Technicon Auto- 

n a l y z i n g  equipment, which was acquired t o  r e p l a c e  t h e  ag ing  Beckman 

915. The Eollawing r e s u l t s  were obtained 

TOC (range) TOG (average) 

E f f l u e n t  

W e l l  1 

Well 1-2 

E CW 

Well 5-6 

Well 7 1.4-4.3 2 ,l 

These va lues  w e r e  about  50 p e r c e n t l o w e r  than  those  ob ta ined  w i t h  t h e  

,eckman 915 i n  1977. TOC con ten t s  w e r e  h ighe r  i n  renovated water from 

t h e  shal low w e l l s  between t h e  b a s i n s  t han  i n  t h a t  from the deeper  w e l l  

Annual Report of the U.S. Water Conservation Laboratory



between t h e  b a s i n s  and t h e  o u t l y i n g  w e l l s ,  i n d i c a t i n g  cont inued removal 

of  o r g a n i c  carbon wich a d d i t i o n a l  movement of renovated w a t e r  through 

the  a q u i f e r .  S ince  adso rp t ion  probably i s  no longe r  a  f a c t o r  a f t e r  

1 0  y e a r s  of ope ra t ion  and a  t o t a l  i n f i l t r a t i o n  of 2524 f t ,  t he  removal ' 

of o r g a n i c  carb  must be  by b i o l o g i c a l  degrada t ion  and p e < ~ a p s  

v o l a t i l i z a t i o n .  Progress  toward i d e n t i f y i n g  t h e  t r a c e  o rgan ic s  has  

been made wi th  he  Western Regional Research Center.  

5, Other  Chemic,al Parameters .  

Analyses of  'XIIS, boron,  f l u o r i d e ,  and f e c a l  c o l i f o m  concentra- 

t i o n s  were n o t  made i n  2978, s i n c e  these  parameters  w e r e  f r e q u e n t l y  

6 ,  Summary and Conclusions. 

S ince  t h e  Flushing Meadows P r o j e c t  was f looded ou t  i n  e a r l y  Narch 

due t o  r i v e r  flows t h a t  were on t h e  o r d e r  of the  5 w r r e n c e  

i n t e r v a l ,  d a t a  could  only  be ob ta ined  f o r  Janua and Fehruacy. The 

f lood ing  sequence i n  t hose  months was continued a t  9 days f lood ing  

and 1 2  days dry ing ,  y i e l d i n g  t h r e e  f lood ing  p e r i o  s , Accumulated 

i n f i l t r a t i o n  f o r  t h e s e  f lood ing  pe r iods  was 4 1  f t  (average f o r  t he  

s i x  b a s i n s ) .  This brought  t he  t o t a l  i n f i l t r a t i o n  s i n c e   he start 

of t h e  p r o j e c t  i n  September 1967 t o  2514 f t .  Average n i t r o g e n  . . 

con ten t  of t h e  sewage e f f l u e n t  was 3 3 . 2  mg/l (31.2 a s  B -N) and o f  
4 

t h e  renovated water sampled from t h e  t h r e e  w e l l s  between t h e  b a s i n s  

7.5 mg/l (5.8 a s  NO -R and 1 . 0  as NH4-N) . Nitrogen removal t h z s  w a s  
3 

on p a r  w i th  t h a t  of  1977 ,  when i t  averaged 63 pe rcen t  f o r  t h e  t h r e e  

w e l l s  between the  bas ins .  Average PO -P concent ra t ions  were 8.12 mg/l 
4 

f o r  t h e  e f f l u e n t ,  2.4 mg/l f o r  t h e  w e l l s  between t h e  b a s i n s ,  and 0.5 

mg/l f o r  the  o u t l y i n g  w e l l s .  This i n d i c a t e s  cont inued removal oE 

PO as t h e  renovated water  moves i n  t h e  a q u i f e r ,  producing more than  4 
90 p e r c e n t  removal 100 f t  away from the  bas ins .  A s i m i l a r  p a t t e r n  

.was observed f o r  t he  o rgan ic  carbon. TOC values  averaged 3.4 mg/l 

f o r  renovated water  Erom t h e  w e l l s  between t h e  b a s i n s ,  and 2 . 1  mg/l 

f o r  t h a t  from t h e  o u t l y i n g  w e l l s .  The TOC-content of t h e  e f f l u e n t  

averaged 10.5 mg/L. The renovat ion  e f f i c i e n c y  of  Che Flushing  Meadows 
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P r o j e c t  t hus  cont inued unabated, even a f t e r  more than 1 0  y e a r s  of 

recharge  and a t o t a l  i n f i l t r a t i o n  of 2514 f t .  

11, 23rd AVENUE PROJECT 

The purpose of t h e  by-pass channel i n  t he  &@-acre pond is  t o  

al low secondary e f f l u e n t  f rom. the  23rd Avenue Treatment P l a n t  t o  

d i r e c t l y  e n t e r  t h e  i n f i l t r a t i o n  b a s i n s .  P rev ious ly ,  t h e  e f f l u e n t  

w a s  passed  f i r s t  through t h e  80-acre pond. This w a s  undes i r ab le ,  

because heavy a l g a e  growth i n  t he  summer g r e a t l y  i nc reased  t h e  sus- 

pended s o l i d s  conten of t h e  e f f l u e n t ,  which i n  t u r n  produced low 

i n f i l t r a t i o n  rate t h e  i n f i l t r a t i o n  bas ins  because of s o i l  clog- 

the by-pass cons t ruc t ion  was a d v e r t i s e d  i n  March 1978, 

t h e r e  were no b i  d e r s  because of  a heavy denand f o r  e a r t h  work i n  

t h e  v a l l e y .  The p r o j e c t  w a s  then combined wi th  some o t h e r  e a r t h  

moving jobs a t  t e sewage t rea tment  p l a n t  and a d v e r t i s e d  aga in  i n  

November 2978. This t ime, t h e r e  were s e v e r a l  b i d d e r s ,  t h e  c o n t r a c t  

was awarded i n  January 1979, and cons t ruc t ion  was t o  s t a r t  about  22 

January 1979. The 23rd Avenue r a p i d - i n f i l t r a t i o n  system thus  can b e  

expected t o  be o e r a t i o n a l  aga in  by about A p r i l  1 

The March flow i n  the  S a l t  River caused a temporary rise i n  the  

wa te r  t a b l e  i n  t he  v i c i n i t y  of  t h e  r ive rbed ,  due t o  seepage and ground- 

wa te r  recharge ,  S ince  i t  is  p o s s i b l e  t o  c a l c u l a t e  h y d r a u l i c  p r o p e r t i g s  

of  t h e  a q u i f e r  from t h e  r i s e  and f a l l  oE t h e  groundwater mound i n  

response r o  a recharge even t ,  water l e v e l s  were measured i n  t h e  n o r t h  

obse rva t ion  w e l l  of t h e  23rd Avenue P r o j e c t  . ' f ie  r e su lE ing  hydrograph 

(Figure 5) may be used i n  c a l c u l a t i n g  hydrau l i c  p r o p e r t i e s  o f  t h e  

a q u i f e r  Eor f u t u r e  ana lyses  of t h e  underground flow system below t h e  

2 3rd Avenue recharge bas ins .  
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111. PESA PRIPmP EFFLUENT PROJECT 

F ie ld  s t u d i e s  using primary e f f l u e n t  w e r e  continued aE t h e  Mesa 

Sewage Treatment P l a n u s e e  19 77 Annual Report) . The main ob j e c t i v e  

was t o  determine the  optimum opera t ing condit ions f o r  rnaxlimrizing t h e  

hydraulic loading. 

1, Inf i l t r a t i o n  Rates,  

The inf i l t raLl ion schedule from January t o  mid-April was 1 week 

f lood and 2 weeks dry,  During ilhe remainder of t h e  year  a l week 

schedule was followed with a 2-week dry-up every 

three t o  four  cycles ,  The in£  i l t r a t i o n  r a t e s  a r e  shorn i n  Figures 

6 t o  9 f o r  t h e  four  bas ins ,  The i n f i l t r a t i o n  capacity d id  n o t  re- 

cover adequa e l y  wi th  a 2 week dry-up i n  t h e  winter  months, S t a r t i n g  . 

in  hlasch t h e  su r face  was s c a r i f i e d  by raking,  r e s u l t i n g  i n  a substan- 

t i a l  inc rease  rin i n f  r a t i o n ,  P r i o r  t o  raking, "c'ne weekly i n f i l m a t i o n s  

w e r e  1 ,0 ,  l , 3 ,  1 - 9 ,  Et/week f o r  bas ins  1, 2,  3, an 

~ i v e l y .  Af ter  r i n g  , t h e  i n f i l t r a t i o n  f o r  t h e  respec t ive  b a s i n s  was 

increased to  6 , 6 ,  4 ,  3 , 9 ,  and 3 .7  ft/week. The i n f i l t r a t i o n  f o r  

~ a c h  weekly f l o o d i  period is  shown i n  Figures l O  t o  13, along wi th  

t h e  raking schedule,  After  the  raking s t a r t e d ,  t h e  i n f i l t r a t i o n  rate 

in basin  l was considerably higher than t h e  o the r  t h r e e  bas ins ,  

d a r t i c l e  s i z e  ana lys i s  f o r  bas ins  1 and 2 (see  Table I) shows t h a t  

%asin 1 contains about 20 percent  more sand than bas in  2 Ln t h e  top 

20 cm a d ,  consequently, r e s u l t s  i n  a higher i n f i l t r a t i o n  r a t e .  The 

i n f i l t r a t i o n  r a t e  5.n b a s i n  1 was more suscep t ib le  to  r&ing than t h e  

s ther  bas ins ,  probably due t o  the h igher  sand content .  During June 

when bas in  1 was n o t  raked, the  i n f i l t r a t i o n  r a t e  decreased f o r  - 

zach succeeding period.  The absence of raking during two success ive  

periods i n  bas in  2 did no t  a f f e c t  the  i n f i l t r a t i o n  r a t e  during t h e  

;me t i m e  period.  During November i n f i l t r a t i o n  r a t e s  were lower and 

raking did not  increase  the value t o  t h e  summer l e v e l s .  The i week 

k y i n g  t i r e .  was n o t  adequate t o  rejuvenate the  i n f i l t r a t i o n  r a t e ,  

A 2-inch l a y e r  of mortar sand was placed i n  bas in  4 i n  J u l y ,  

Secause the coarser  sand would have a lower water-holding capaci ty ,  

:he su r face  would dry out f a s t e r  and brec& t h e  c a p i l l a r y  water  
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supply t o  t h e  s u r f  ace a Rapid dry ing  of t h e  s u r f a c e  w a s  observed.  The 

s u r f a c e  w a s  v i s i b l y  d r i e r  a f t e r  1 day of dra inage  dur ing  t h e  s m e r  

and 3 days dra inage  dur ing  the  w i n t e r .  The s ludge  l a y e r  had shrunk 

away from t h e  sand l eav ing  a  r e l a t i v e l y  open s u r f a c e ,  There appears  

t o  be l i t t l e  o r  no b e n e f i t  t o  t h e  hydrau l i c  l oad ing ,  however. During 

t h e  co lde r  w i n t e r  months when maximum b e n e f i t  from r a p i d  dry ing  would. 

b e  expec ted ,  t h e  sane  t r e n d  of decrease  i n  i n f i l t r a t i o n  was no ted  

b a s i n  4 as i n  t he  o t h e r  b a s i n s .  While t h e  s u r f a c e  does dry o u t  

f a s t e r ,  t h e  p r o f i l e  remains w e t t e r  f o r  a  l onge r  t i m e ,  This  is  shown 

i n  F igure  14  whe e t h e  p re s su re  head at t h e  1 3  and 41 cm depth  i s  

shown. Before J u l y  t h e  minimum pres su re  head a f t e r  7 days dry ing  

was about  -109 cm -67 cm f o r  t h e  1 3  and 41  cm depths,  r e s p e c t i v e l y ,  

A f t e r  t h e  sand w a s  added, t h e  minimum pres su re  head i n c r e a s e d  to  

-89 cm and -53 em f o r  t he  same depths.  The s o i l ,  t h e r e f o r e ,  remains 

at a h i g h e r  wa r content  f o r  a longe r  p e r i o d  of t ime. While t he  

s u r f a c e  does d f a s t e r ,  evapora t ion  from the p r o f i l e  is  pre- 

vented and t h e  s Layer a c t s  a s  a m u l c h .  

Basins  3 and 4 rece ived  e f f l u e n t  t h a t  had f i r s t  passed  through 

I n  August t h e  supply t o  b a s i n  4 was f e d  

d i r e c t l y  i n t o  t h e  b a s i n ,  by-passing t h e  sed imenta t ion  pond, There 

is no apparent  b e n e f i t  due t o  the  sed imenta t ion  b a s i n ,  Ilhe average 

suspended s o l i d s  content  of t h e  primary e f f l u e n t  be fo re  and a f t e r  

t h e  sed imenta t ion  b a s i n s  w a s  56 an 68 m g l l i t e r ,  r e s p e c t i v e l y .  The 

s o l j d s  i n  t h e  e f f l u e n t  a r e  very f i n e  and s t a y  i n  suspens ion  f o r  l ong  

pe r iods  of  t i m e .  The de t en t ion  time i n  t h e  sed imenta t ion  pond w a s  

l ong  enough t o  permit  some a l g a l  growth, r e s u l t i n g  i n  an i n c r e a s e  i n  

suspended s o l i d s ,  By-passing che sed imenta t ion  pond had no n o t i c e a b l e  

e f f e c t  on t h e  i n f i l t r a t i o n  of b a s i n  4. 

The suspended s o l i d s  content  of  the  primary e f  Eluent  d i d  show a 

gradual  decrease  from 75 m g / l i t e r  i n  January t o  about 40 m g / l i t e r  i n  

September, and then  an i n c r e a s i n g  t r e n d  toward t h e  end of t h e  y e a r  

(Figure 1 5 ) .  Using ,an inundat ion  schedule of 1 week f lood  and 2 

weeks dry dur ing  December, January ,  and February, and then  a  1 week 

f lood ,  1 week dry schedule f o r  t he  remainder of t h e  y e a r ,  110 t o  
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1~70 f t / y e a r  of pr imary e f f l u e n t  could b e  i n f i l t r a t e d .  S c a r i f y i n g  t h e  

s u r f a c e  would b e  neces sa ry  f o r  each  inundat ion  pe r iod  during t h e  

",older w i n t e r  months and. every two t o  t h r e e  inundat ions  dur ing  t h e  

smer .  

2. Qua l i ty  of I n f i l t r a t i o n  Water. 

. Qualitative a n a l y s i s  of t h e  i n f  i l t r a t i n g  water  w a s  done on 

.samples t a k e n  from porous ceramic cups placed i n  t h e  s o i l ,  R vacuum 

was app l i ed  o t h e  ceramic cups and samples w e r e  ob ta ined  i n  t h a t  

nanner , From 5 o LO t o  100 m l  samples were o 'btai  

dur ing  a 1-hour r ime i n t e r v a l  each  day when t h e  b a s i n s  w e r e  f looded.  

30 samples were u r ing  t h e  dry per iod ,  From May t o  December 

t h e  vacuwla was a t o  t h e  ceramic f o r  5 t o  10 minutes each  hour  

u s ing  a t iming  s y s r  The sample was c o l l e c t e d  i n  a. w a t e r  t r a p  

i n s u l a t e d ,  ice-cooled box. En this manner a 

composite 24-hour s l e  was obtained.  

Average concen t i a n  of m o n i a - N ,  organic-X, phosphate-P , and 

t o t a l  o rgan ic  carbon. a r e  summarized i n  Table 2 f o r  priinary e f f l u e n t  

=d samples t dcen  from t h e  ceramic cups,  T o t a l  N of t h e  e f f l u e n t  

averaged 28, er w i t h  4 m g l l i t e r  be ing  organic-X, Average 

wmonia concen t r a t ions  at t h e  10-cm depths were 15,  1 8 ,  2 ,  and 1 

mg/Ziter Sor b a s i n s  l, 2 ,  3 ,  and 4 ,  r e s p e c t i v e l y ,  The organic-N 

was between 1 and 3 f o r  t h e  four  b a s i n s .  Ammonium l e v e l s  w e r e  

,higher a t  bo th  depths i n  b a s i n s  1 and 2 than  i n  b a s i n s  3 and 4 .  The 

presence  of t h e  san Layer i n  b a s i n  4 d i d  n o t  a f f e c t  t h e  q u a l i t y  

of t h e  so i l -wa te r ,  N i t r a t e -n i t rogen  concent ra t ions  f o r  t h e  f o u r  

b a s i n s  a r e  s h  i n  F igures  16, 17 ,  18,  and 19 ,  A n i t r a t e  peak was 

noted dur;i-ng t h e  f i r s t  o r  secand day of inundat ion  a t  b o t h  dep ths ,  

V e r y  h i g h  concen t r a t ions  of n i t ra te -N (300 t o  900 m g / l i t e r )  were 

neasured on s e v e r a l  occas ions  when t h e  f i r s t  water  i n f i l t r a t i n g  was 

sampled. The ve ry  high concenrra t ions  occurred dur ing  t h e  January 

t o  May t i n e  perLod %hen sampling was done j u s t  a f t e r  t h e  b a s i n s  had 

been f looded.  Commencing w i t h  t h e  24-hour composite samplring, t h e  

concent ra t ions  during t h e  f i r s t  day were cons iderably  lower,  On a 
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e i ~  occas ions  a 2 0 m g l l i t e r  NO -N concen t r a t ion  was obta ined ,  b u t  
3 

f-he peak f o r  t was below 100 n g l l i t e r ,  

Because t h e  l e v e l s  were h ighe r  i n  b a s i n s  1 and 2 t h a n  

i n  b a s i n s  3 and 4 ,  an a d d i t i o n a l  s e t  of ceramics was i n s t a l i e d  i n  

a s i n  2 a t  de 20 and 56 cm. The average concen t r a t ion  of 

nitrate, m o  d phosphate dur ing  t o u r  f l ood  per iods  are shown 

.n Table  3 f o r  t h e  o l d  and new ceramics,  The m o n i u m  and n i t r a t e  

l e v e l s  from t ceramic s a n p l e r s  w e r e  about h a l f  of r b e  concen- 

: r a t i o n  of t h e  except  f o r  t h e  10 cm a m o n i  l e v e l s  where 

ihe  va lues  wer h e  sane .  The phosphate l e v e l s  d i f f e r  by about 

The wide v a r i a t i o  i n  concen t r a t ions  from two s 

i n d i c a t e s  t h a t  a l a r g e  nu er of samplers must be used t o  o b t a i n  

oncen t r a t ions  of t h e  primary e f f l u e n t  

rere 5,5 m g l l i t e r ,  The phosphate-I? concent ra t ions  a t  t h e  b a s i n s  a r e  

n b a s i n s  1 and 2 t h e  phosphorus l e v e l  i n c r e a s e d  

-an depth.  In b a s i n  2 ,  t h e  l e v e l  drop 

56-cm depth ,  Basins  3 and 4 showed s m a l l e r  

iecreases  a t  the  lower depths ,  The o v e r a l l  phosphorus r educ t ion  

:or a l l  f ou r  bas5 .n~ i s  40 pe rcen t ,  

3. 

n between l and  t rea tment  of primary e f f l u e n t  and 

secondary a c t i v a t e d  s ludge  t rea tment  was made us ing  EPA g u i d e l i n e s  

md i s  s l e  4. Land t rea tment  is  less c o s t l y  f o r  

p l a n t  s i z e s  frola I t o  100 ngd and uses  about 20 percent  less elee- 

l r i c a l  energy, PIost of t h e  e l e c t r i c a l  energy r equ i r ed  in. l and  

t rea tment  is  f o r  rec la iming  t h e  water  by pumping, 

i ,  Summary-, 

S tud ie s  on l a n d  a p p l i c a t i o n s  of primary e f f l u e n t  using i n f i l -  ' 

",ation b a s i n s  were cont2a.ued t o  determine t h e  optimum ope ra t ing  

lond i t i ons  f o r  maximizing t h e  h y d r a u l i c  loading.  Low i n f i l t r a t i o n  

r a t e s  w e r e  observed during the  co lde r  w in te r  months, Changing t h e  

Elooding schedule from 7 day f lood  - 7 day d r y  t o  7 day f lood  - 
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14  day dry d i d  n o t  res t i n  i n c r e a s e d  i n E i l t r a t i o n .  S c a r i f y i n g  t h e  

s u r f a c e  l a y e r  by rak ing  d i d  r e s u l t  i n  a 2- t o  4-fold i n c r e a s e  i n  . 
i n E i l t r a t i o n .  S c a r i f y i n g  t h e  s u r f  ace  is necessary  a f  ter each  flood- 

i n g  du r ing  t h e  wi d a f t e r  two o r  t h r e e  Eloodings du r ing  the  

summer. The weekly i n E i l t r a t i o n  a f t e r  s c a r i f y i n g  ranged between 

3 and 9 fC w i  average of 4 * 6  f t ,  The b a s i n  t h a t  had t h e  high- 

e s t  i n f i l t r a t i a  rate (7 .3  f t /week)  a l s o  had t h e  h i g h e s t  percentage  

o f  sand  i n  t h  cm (74 pe rcen t  compared t o  54 pe rcen t  f o r  t h e  
.. 

o t h e r  b a s h s )  g a 1 week f lood  - 2 week dry schedule  f o r  

December, Jan February, and a l week f lood  - 1 week dry 

schedu le  f a r  d e r  of t h e  y e a r ,  a hydrau l i c  l o a  

110 t o  170 f e e t / y e a r  could be  expected.  The es t imated  c o s t  o f  

lons /day  of  primary e f f l u e n t  f o r  t h e  above 

load ing  r a t e s  wo 6~ t o  8 ~ / 1 0 0 0  ga l .  Conventional secondary 

t rea tment  a lone  c o s t s  about 1 2 ~ / 1 0 0 0  g a l  and uses 23 p e r c e n t  more 

e l e c t r i c a l  energy khan l a n d  t r ea tmen t ,  

PERSONNEL:* B. Bouwer, R, C. Rice,  G .  C ,  Emery 

*U-S. Water Conservation Laboratory personnel  f o r  a l l  t h r e e  p r o j e c t s .  
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T a b l e  1. S o i l  p a r t i c l e  s i z e  a n a l y s i s  f o r  basins 1 and 2. 

Bas in Depth Sand Silt Clay 
cm % 
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Table 2. Average concentrations oE NH N, organic N, PO -P, and 
4- 4 

dissolved organic carbon i n  the primary e f i l uen t  and 

s o i l  solut ion f o r  t h e  d i f f e r en t  basri.ns* 

Location Deprla NB4-N Organic N PQ4-P Carbon 

Eff luent  - 24.0 4.3 5 - 5  2 4 

Basin 1 18 15.0 2.5 6 - 7  16 

56 Basin 1 8.4 1.7 5.3 15 

Basin 2 10 18.1 3.1 6-5 2 1  

Basin 2 56 9,6 2.4 18 

Basin 3 10 2.0 1.0 4 - 7  10 

Basin. 3 46 1.2 1- 1 4 - 3  9 

1 1 , O  1.7 3 - 19 

Basin 4 5 3 0.4  1.2 2-8 1 l 
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Table 4. Cost Comparison o f .  Treating Effluent  Using 
and Activated Sludge, 

f 0 Land - 0,s f t / d a y  4,772 5 0 
1 0 Land - 1 f t / d n y  4,772 9 0 2,6  

1 0 Activated sludge 5,865 5 6 ,  

100 Land - 0,s ft/day 47,727 1300 , 3  2-9 6.2 

100 Land - L ft/day 47,727 I00 %,7 2,6 4.3 

100 Activated sludge 57,065 30 4.6 2.3 6.9 

a/ Average d a i l y  i n f i l t r a t i o n  rat - 
a r a t e s  sf 9 

b /  Operat ion and m - 
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2 

in. I 

Figure  I, I n f i l t r a t i o n  r a t e s ,  accumulated i n f i l t r a t i o n ,  and r a i n f a l l  f o r  t h e  F lushing  
Meadows Pro j e c t  i n  1978. 
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Figure  2. Concentrat ions of t o t a l - l  i n  secondary e f f l u e n t  and NO3-N and NH4-N i n  renovated water  from 
w e l l s  1, 1-2, and ECW a t  F lush ing  Meadows P r o j e c t .  
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Figure  3 .  A s  i n  Figure  2, bu t  f o r  wells 5-6 and 7. 
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Figure 4. PO P concentrations in secondary effluent and renovated water from the wells at . 
4- 

the Flushing Meadows Project , Annual Report of the U.S. Water Conservation Laboratory



F i g u r e  5. Wate r - t ab le  d e p t h s  Ln t h e  n o r t h  o b s e r v a t i o n  w e l l  of t h e . 2 3 r d  Avenue 
r e c h a r g e  p r o j e c t ,  showing r e s p o n s e  of w e l l  t o  seepage  from Salt R i v e r .  
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Figure 6, Infiltration rates  in bas in  1 of  Mesa Primary Project ,  
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Figure 7. I n f i l t r a t i o n  r a t e s  i n  b a s i n  2 of Mesa Primary P r o j e c t .  
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MAY 

Figure  10. Weekly infiltration in basin 1 of Mesa Primary Project. Raking seh&d&c is indicated 
by R. 
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BASIN NO, 2 

AFR ' MAY JUN 

Figure 11, Weekly i n f i l t r a t i o n  i n  bas in  2 of Mesa Primary Pro jec t .  Raking schedule is ind ica ted  
by R ,  ' 
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BASIN NO, 

OC?: , NOV DEC 

2, lu'eekly infiltration in basin 3 of r imary P r o j e c t ,  Raking schedule is indicated 
by R. 
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Figure 13. Weekly infiltration in basin 4 of Mesa Primary Project. Raking schedule is indicated 
by R ,  . 
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Figure 1 4 ,  P r e s s u r e  heads  a t  two d e p t h s  161 basin 4 of Mesa Pr imary P r o j e c t ,  
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JAN BE8 MAR 
Figu re  15 ,  Suspended s o l i d s  content  of primary e f f l u e n t ,  
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BASIN 1 

Figure 16. Nitrate nitrogen of soil s o l u t i a n s  at two depths in basin 1 of ~ a s a  Primary Project. 
Numbers indicate off-scale concentration 
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BASIN 2 

JAN FEB MAR APR MAY JUN JifL AUG SEP OCT NOV DEC 

Figure  17 .  N i t r a t e  n i t r o g e n  of s o i l  s o l u t i c h  a t  two depths  i n  b a s i n  2 of Nesa Primary P r o j e c t .  
Numbers i n d i c a t e  o f f - sca l e  concentration;.  
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F i g u r e  18, Ni t ra te  nitrogen soil solution at two depths asin 3 of Mesa Primary Project, 
 umbers indicate  off-scale concentration, 

Annual Report of the U.S. Water Conservation Laboratory



F i g u r e  19. Nit ra te  n i t r o g e n  of s o i l  s o l u t i o n  a t  two d e p t h s  ik basin 4 of Mesa Primary P r o j e c t ,  
Numbers i n d i c a t e  off-scale concentration. 
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T I T L E  : 

NRP : 

COL S T U D I E S  O F  THE CHEMICAL, PI-IYSICAL, AND BIOLOGICAL 

PROCESSES OF WASTEWATER RENOVATION BY PERCOLATION THROUGH 

SOIL. 

207 9 0 CRIS WORK UNIT:  5510-20790-001 

CODE NO.: Ariz,-WCL 65-3 

INTRODUCTION : 

PolLovi rus  (vacc ine  s t r a i n )  has  been used i n  many experiments  t o  

s tudy  v i r u s  movement and s u r v i v a l  i n  s o i l  and water  systems, W e  have 

conducted ex e r imen t s  t o  determine i f  movement and s u r v i v a l  of o t h e r  

v i r u s e s  can  b e  p r e d i c t e d  from p o l i o v i r u s  s t u d i e s ,  The experiments  

began w i t h  b a t c h  s t u d i e s  u s ing  s m a l l  s o i l  samples and a number o f  

ypes and s t r a i n s  i n  adso rp t ion  s t u d i e s  a t  Baylor  

College of  Xedicine,  This  h a s  been followed up by s t u d i e s  on move- 

ment of Echo $ and Echo 29, kwo v i r u s e s  which showed low a d s o r p t i o n  

r a t e s  i n  b a t c h  s t u  

Stuclies on n i t r o g e n  removal wL1l focus  on  ways t o  remove n i t r o -  

gen a t  h i g h  i n f i l t r a t i o n s  r a t e s ,  Phosphate s t u d i e s  have focused  on 

s t a b i l i t y  of phos h a t e s  adsorbed by s o i l s .  

P'ROCEDURE: : 

Virus  S t u d i e s ,  -- S o i l  colunms f i l l e d  w i t h  loomy sand were used 

i n  s t u d i e s  on ~novement of n i ~ r o g e n ,  phosphate and viruses, Another 

column f i l l e d  r;;rrifA coa r se  sand t o  a l low h igh  r l n f i l t r a t i o n  r a t e s  was 

used t o  s tudy  t h e  e f f e c t  of f low rate on v l rus  adso rp t ion ,  

A column which had been used previous1.y t o  s tudy  t h e  a d s o r p t i o n  

of p o l i o v i r u s  and echovi rus ,  type  29 w a s  f looded w i t h  sewage wa te r  

conra in ing  1 . 5  x l o 5  P F U / ~ L  oE echovi rus  t ype  1. Then t h e  colamn w a s  

f looded a t  two day i n t e r v a l s  w i t h  sewage water con ta in ing  d i f f e r e n t  

concen t r a r ions  of Echo 1, F i n a l l y  t h e  o u t l e t  dev ice  on t h e  c o a r s e  

sand column was a d j u s t e d  t o  d i f f e r e n t  l l e ights  t o  g-kc d i f f e r e n t  f low 

r a t e s  wh i l e  t h e  c o l u m  was f looded wi th  sewage water  con ta in ing  Echo 1. 

I n  f i e l d  s t u d i e s ,  t h e  s u w i v a l  of p o l i o v i r u s  and echovi rus  was 

s tud ied  a t  t h e  Mesa p l o t s  \?hick a r e  flooded w i t h  pr imary e f f l u e n t ,  

PVC c y l i n d e r s  (20 c m  ID and 30 cm long) w e r e  f i l l e d  w i t h  sand  from 
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t h e  b a s i n s ,  seeded w i t h  virus and bu r i ed  a t  d i E f e r  

migrat ion of v i r u s e s .  P l a s t i c  

10 em long)  were a l s o  filled wit sand and bu r i ed  a t  v a r i o u s  dep ths ,  

Half of  t h e  tubes were ca ped m d  h a l f  were l e f t  open a t  

uncapping and sawing o f f  the t i p s  oE t h e  tubes ,  The asin was f looded  

i m i e d i a t e l  y af the tiibzs were b u r i e d ,  The b a s i n  was Eloadecl f o r  5 

d. f looded  aga in  f o r  7 days,  Tubes were ex- 

t r a c t e d  a t  var s intervals dur ing  471x2 d r y  per-io 

d shipped. t o  the Baylar  Go i a e  for v i r u s  

es w e r e  also t aken  from che b 

rhe s o i l  from t h e  sewage wa te r ,  

Mesa recharge  e cans t r u c t e d  

and f looded  w i t h  pr t, Sewage water  i n  1. basin was seeded 

s, S o i l  sa en a t  v a r i o u s  i n t e r v a l s  

s to compare sur-gixal of t h e  adde poliovirus a 

naturally oecu r i ag  i n  the sewage water  a p p l i e d  t o  e control. h a s i n .  

ates were Flooded 

with sewage on a sc days Elooded and 5 days 

b r i e f  dry ing  

to a l l o w  some n i t r i f i c a C i o  

aily and analyzed f o r  

NO3--N, NOz-M, i?iL,-N and P 

o l i o v i r u s  type  1 an ovi rus  t y p e s  1 

condary sewage e f f l u e n t  sewage wate r  

on& s o i l  columns, the ads 

e slrnilar with 90% adsorp 

and no v i r u s e s  detected eiow 150 e m  (Fig.  1 )  , 

was 77% f o r  the top 2 cm b u t  t h e  adso rp t ion  p a t t e r n  was similar t o  

p a t t e r n s  f o r  the  other t w o  v i ruses  below t 

t i o n  and moveme t of  p o l i o  a d  echo v i r u s  +?as simila 

were .fl_oodcd with deionized water, 

When a s o i l  column was  flooc2ed wi th  sewage warer seedecl. w i t h  two 

d i f i e r e n t  concent r a t i o n s  o F Echo l v i r u s  ( 3 , 3  x ci .6,5 ;c 4.13""-~~'~/nl) ., 
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The percentage  of t he  added v i r u s  remaining a t  t h e  v a r i o u s  d e p t h s  was 

s i m i l a r  f o r  bo th  concen t r a t ions  (Table 1 )  - These r e s u l t s  were similar 

t o  t hose  ob ta ined  when a  so-il. colanm w a s  f looded w i t h  d i f f e r e n t  con- 

c e n t r a t i o n s  of p o l i o v i r u s .  

Clshen t h e  column packed w i t h  c o a r s e  sand was f looded at d i f f e r e n t  

f low r a t e s  with sewage seeded w i t h  Echo 1 v i r u s  by changing t h e  h e i g h t  

of t h e  column outJ7Let4 v i r u s e s  d i d  n o t  move below 160 cm when t h e  f low 

r a t e  was 0 , 6  cmiday (Table 2 ) ,  At f low r a t e s  of 1.2 and 2 - 4  meters/day,  

v i r u s e s  broke  t h r a  t h e  s o i l  c o l u m .  This  showed Lhat Echo v i r u s  

movement through t coa r se  sand column could b e  prevented by Iceeping 

t h e  f low r a E e  below 1-2 mfday, Again, t h e  e f f e c t  of f ow r a t e  on  echo 

v i r u s  movement w a s  u i ~ e  s i m i l a r  t o  t h e  e f f e c t  of f low rare on po l io -  

v i r u s  movement, 

Therefore,  t h e  simil.aarity of t h e  adso rp t ion  p a t t e r n s  and of  v i r u s  

movement a t  d i f f e r e n t  concen t r a t ions  and f low rates i n d i c a t e s  t h a t  

p o l i o v i r u s  is a good mode2 t o  u s e  i n  s tudying  t h e  movement of echo- 

v i r u s e s  throug s o i l s .  Since Echo 1 showed more v a r i a b i l i t y  t h a n  any 

o t h e r  types  of s t r a i n s  tihen adso rp t ion  of 38 types  and s t r a i n s  57as 

compared i n  a t c h  s t u d i e s  w i t h  smal l  s o i l  samples, i t s  s i m i l a r i t y  t o  

P o l i o  1 i n  ba t ch  co u r n  s t u d i e s  i n d i c a t e s  t h a t  P o l i o  1 is  a good model 

t o  u se  i n  s tudying  t h e  movement of d i f f e r e n t  e n t e r o v i r u s e s  through 

s o i l s ,  

The a s say  of f i e l d  samples from t h e  v i r u s  s u r v i v a l  s t u d i e s  has 

n o t  been completed. 

Nitrogen S tud ie s .  The i n f i l t r a t i o n  r a t e s  f o r  t h e  s o i l  c o l u m s  

used i n  t e s t i n g  t h e  e f f e c t  of s h o r t  d r y  pe r iods  on d e n i t r i f i c a t i o n  

a r e  :shown i n  Table 3 ,  The experiments  and d a t a  ana lysPs  have n o t  

been completed y e t .  

Phosphate S tud ie s .  Phosphate concen t r a t ions  from columns f lood-  

ed wi th  sewage water  a f t e r  l eng thy  d r y  pe r iods  (6-18 months) were 

h ighe r  t han  t h e  Y04-P concen t r a t ions  i n  t h e  sewage ( P i g ,  21, 'The 

PO,-P concen t r a t ion  i n  the  column outf low seemed t o  b e  p r o p o r t i o n a l  

t o  the  l e n g t h  of d ry ing  time. 
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Table 1. Effect  of Echo 1 virus concentrat ion on movement through 

a soil column, 

Depth Added Virus Concentration (PFU/rnl) 

cm 3 m 3  x l o 2  1.5  x 10'"  

P e r  Cent V i r u s  R e m a i n i n g  * 
2 4 2  33 

5 2  2 28 

1 0  15 2 5  

20 9 I 2  

4 0  1 2  2 

8 0  4 0 , 2  

I 6 0  0 0 - 0 2  

2 4 0  0 0  

2 5 0  0  0  

- -- 

9: D a t a  a r e  averages of  sanples t a k e n  on 4 f l o o d i n g  d a y s .  
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Table  2.  E f f e c t  of i n E i l t r a t i o n  r a t e  on v i r u s  movement. 

Co1umn Depth 
cm 

F l o w  r a t e  m / d a y  
0 . 6  1 , 2  2 . 4  

V i r u s  R e m a i n i n g  PFU/ml 

* 100 m l  samples of column outflow.. 
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Table 3 .  I n f i l t r a t i o n  r a t e s  of s o i l  columns used f o r  n i t r o g e n  s t u d i e s .  

Date Column Column Co lum Column 
1978 2 3 4 8 

1 6  Nov 

1 7  Nov 

1 8  Nov 

20 Nov 

21  Nov 

22 Mov 

24 Mov 

28 Nov 

29 Nov 

30 Nov 

1 Dec 

4 Dec 

5 Dec 

6 Dec 

7 Dec 

1 2  Dec 

1 3  Dec 

14  Dec 

15 Dec 

19 Dec 

20 Dec 

21 Dec 

22 Dec 

27 Dec 

28 Dec 

29 Dec 
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Figure  1, Viruses  adso rp t ion  p a t t e r n s  i n  s o i l  columns f looded 
w i t h  sewage water  seeded wi th  d i f f e r e n t  v i r u s e s .  
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Figu re  2.  Phosphate  concen t r a t i ons  i n  out f low from columns f looded  . . 
wi th  sewage water  fo l lowing  extended dry ing  pe r iods .  Annual Report of the U.S. Water Conservation Laboratory



NRP :: 20790 

INTllODUCTZON : 

Daring 1978, f i e l d  ixwes t i g a t i u  s ar t h e  F lushing  14eadows P r o j e c t  

on  t h e  g,row'c d a c z i v i t y  of a c e e r i a  i n  s o i l  b a s i n s  

i t t e n t b y  f l o o  with secondary sewage e f f l u e n t  

te rmina ted ,  because f l o o  River des t royed  t h e  

t , cons ide rab le  

ial aspacts of wastewater r enova t ion  

and n i t r o g e n  . 

m s e v e r a l  ex- 

by nmibers of 

d e n i t r i f y i n g  bacteria, total or depth  i n  the s o i l  

e f f e c t  of a l g a e  on ni xification-denitrification processe  

f lood ing  c y c l e s ,  

Basin #l a t  t h e  FlushLxtg Pieadovs Project was s e l e c t e d  as t h e  

f i e l d  site,  because it lras always een. a bare s a s i n  t h a t  w a s  

f 1oocled with SSE, Soil sa les were col na'iyzed f o r  w a t e r  

con ten t ,  b a c t e r i a l  anmbers, i n  e n i t r i f i c a t  Lon 

p o t e n t i a l  (Ann a l  Report ,  1977 c carbon i n  s o i l  

prof  i3 e samples from rive-rbed s o i l  a d j  a c e n t  

t o  the p r o j e c t  w e r e  analyzed by wet combustion m d  g r a v i m e t r i c  

methods, 

The e f f e c t  of a l g a e  on n i t r i f i c a t i o n  and d e n i t r i f i c a k i o n  proc- 

e s s e s  occurring, du r ing  f lood ing  pe r iods  iiias deirerniined by measuring 

rcdox p o t e n t i a l s ,  d i s so lved  oxygen, t cnpe ra tu re s  and s o l a r  r a d i a t i o n  

w i t h  methods descr ibed  by Gilberr. and Rice  (Pub l i ca t ion ,  No, 4 ) -  
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trification rates 

are increase te cnnce~:trarion, organic 

soil basins inter- 

cycles, 

Luence of f loo  dry ing cycles o 

greatesE at the end sf  floa 

2). These results have def 

removal, 
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D e n i t r i f i c a t i o n  and Tota l  Organic Carbon, Analysis of t o t a l  - P 

organic carbon i n  s o i l  p r o f i l e  samples 

Limited mount  of or anic carbon a v a i l a b l e  t r i f i c a t i o n  i n  SSE 

was deposited and aecumulatcd in tlzz sur Eace soril. ( 0 - 5  cm) 

f looding and was mostly decomposed during drying (Tables 1, 2, 3 ) ,  

Also, r e f r a c t o r y  organics were nor redeposited and concentrated at  

lower depths i n  the s o i l  bas in  a s  compared w i t h  n a t u r a l  r i v e r  bed 

s o i l  p r o f i l e s  adjacent  

Ni t r i f ica t ion-Dear i t r i f ica t ion and Algal Growth, Algal. growth - 
and oxygen evolution a t  the soil-water  i n t e r f a c e  of s o i l  recharge 

bas ins  in te rmi  wltb secondary sewage e f f l u e n t  (SSE) 

r a t i o n  i n  the S 

the lengrh of 

t h a t  oxygen production 

fy ing  reac t ions  a t  the 

l imi ted  periods 

these  reac t ions  might contr f iu te  t o  t h e  net-N removal and renovation of 

SSE by s o i l  f i l t r a t i o n ,  T h i s  t r i f  i ca t ion-dea i t r f  f i c a t i m  mechanism 

of n i t rogen removal and conf ima-  

t i o n .  

s u m m y  AND CONCLUSIONS:: 

i t s i f i c a t i o n  an r a n s f a m a t i o n s  i n  

y flooded with se wage e f f l u e n t  were 

terminated, because the research s i t e  (F1 ows Pro j ec-t) was 

destroyed by f lood waters i n  t h e  S a l t  River i r c h  1978-  Nowever, 

t h e  research tha  leted p r i o r  t o  t h i s  rovided b a s i c  in-  

formation about t and a c t i v f t y  of n i t r i f y i n g  and d e n i t r i f y i n g  

b a c t e r i a  i n  he s o i l  system use  for renovation of secondary sewage 

e f f l u e n t  , 

Nitrificatian-denitriEication rocesses and ni t rogen removal 

mechanisms in s o i l  as-ins 2ntermit tent ly  flooded wi th  secondary 

17-3 
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sewage e f f l u e n t  were determined t o  occur  s imul taneous ly  a t  t h e  start 

of  each d ry ing  pe r iod  w i t h i n  t h e  s a m e  s u r f a c e  r e g i o  o r  a d j a c e n t  

s u r f a c e  zones of t h e  s o i l  p r o f i l e  (0-5 cm), The p o t e n t i a l  f o r  deni-  

t r i f i c a t i o n  and numbers of n i t r i f y i n g  an d e n i t r i f y i n g  b a c t e r i a  .r;lere 

g r e a t e s t  a t  t h e  end of each f lood ing  per iod  and decreased d u r i n g  

d ry ing  pe r iods .  During f lood ing ,  n i t r i f ica t3 ion-de  i t r i f i c a t i o n  

p roces ses  were inf luenced  by d i u r n a l  oxygen product ion  from a l g a e  

growing e x t e n s i v e l y  on t h e  s o i l  s u r f a c e ,  Analys is  of t o t a l  o rgan ic  

carbon i r?  t h e  s o i l  p r o f i l e  i n d i c a t e d  thae: one o f  t h e  major Eac to r s  

l i m i t i n g  d e n i t r i f i c a t i o n  i n  t h e  wastewater renovat ion  system was 

o rgan ic  carbon, These r e s u l t s  have ind ica t ed  t h a t  e f f e c t i v e  manage- 

ment of wastewater  through n u t r i e n t  a d d i t i o n s ,  perhaps i n  t h e  form of 

sewage e f f l u e n t ,  a t  p r e c i s e l y  when d e n i t r i f i c a t i o n  p o t e n t i a l s  

are g r e a t e s t  would max i z e  n i t r o g e n  removal and seduce t h e  n i t r a t e  

p o l l u t i o n  hazard of groundwater be1ow high-ra te  l a n  t r ea tmen t  systems. 

PUBLICATIONS : 

Smith, 3, B., R, G, G i l b e r t  and J. B ,  Piiiller. Redox p o t e n t i a l s  
i n  a  cropped p o t a t o  process ing  wasceewater d i s p o s a l  f i e l d  w i t h  a 
deep water  t a b l e ,  J, Environ, Q u a l m  7:571-574, 1978, 

G i l b e r t ,  X, ,, J, C, Lance, and J ,  Mil.Lesr, Denri'trif y ing  
b a c t e r i a  popu la t ions  and n i t r o g e n  removal in s o i l  c o l u m s  i n t e r -  
m i t t e n t l y  f looded wi th  secondary sewage e f f l u e n t ,  .I, Environ,  
Qual, ( I n  p r e s s ) ,  

G i l b e r t ,  R e  G ,  D e n i t r i f i c a t i o n  i n  s o i l  recharge  b a s i n s  i n t e r -  
m i t t e n t l y  f looded wit11 secondary sewage e f f l u e n t ,  70 th  Annual 
Meeting, h e r ,  Soc. Agron. and S o i l  S c i ,  Soc, h e r , ,  Chicago, 
111, 3-8 December 1978, Agron, Abs t r ,  g .  139, 

G i l b e r t ,  R* G ,  an R, C, Rice,  E f f e c t  of a l g a l  growth and 
d i s so lved  oxygen on redox p o t e n t i a l s  i n  s o i l  f looded w i t h  second- 
a r y  sewage e f f l u e n t .  l@J.rology and Water Resources i n  Arizona 
and t h e  Southwesil 8.132-136, 1978, 

Rice,  R, 6 ,  and X, 6, G i l b e r t ,  Land treatiitenc of pr imary sewage 
e f f l u e n t  : Water and energy c o n s e m a t  ion ,  Hydrology of Water 
Resources i n  Arizona and t h e  Southwest 8~33-36 ,  1978, 

PERSONNEL: - R, 6 ,  G i l b e r t  and J, B, M i l l e r  
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Table 1. N ~ n b e r s  of d e n i t r i f y i n g  b a c t e r i a ,  t o t a l  o rgan ic  carbon,  2nd p o t e n t i a l  d e n i t r i f i c a t i o n  r a t e s  

i n  t h e  s o i l  p r o f i l e s  of a recharge  b a s f n  f looded w i t h  secondary sewage e f f l u e n t  f o r  9 days 

and d r i e d  f o r  12  days,  

D e n i t r i f i e r s / g  T o t a l  Organic Carbon 
S o l 1  Depth 

End Flood End Dry nd Flood End Dr End Dry 

id 7.9 2,80 - 4  .7S - - 5-10 u 
I 

~n 10-15 0.64 0-95 0,47 .72 25 

15-20 0,28 0 ,49  0 , 3  .41 - - 
20-25 0,80 0,49 .22 0,26 - - 
25-30 0-80 0,11 0-19 0,15 Z 8 

30, SO 0.36 0,08 0,13 ,I5 Trace Trace 

40,90 0.51. 0,07 .13 0,08 Trace Trace 
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Table  2. Numbers of d e n i t r i f y i n g  b a c t e r i a ,  t o t a l  o rgan ic  carbon,  and 

p o t e n t i a l  d e n i t r i f i c a t i o n  r a t e s  i n  the s u r f a c e  s o i l  (0-5 em) 

of a  r echa rge  basin f looded  f o r  9 days w i t h  secondary 

sewage e f f l u e n t  and d r i e d  1 2  days,  

Condit ion of T o t a l  Organic NO3--N : 

S o i l  Basin D e n i t r i f i e r s / g  Carbon Loss/day 

12  d ry  

5 f lood  

9 f lood  

5 d ry  

1 2  dry  
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Table  3. T o t a l  o rgan ic  carbon i n  s o i l  p r o f i l e  samples from Basin  

No, 1 a t  t h e  F lush ing  Meadows P r o j e c t  compare w i t h  n a t u r a l  

river bed soil p r o f i l e s  a d j a c e n t  t o  t h e  p r o j e c t ,  

a/ T o t a l  Organic CarbonL 

N a t u r a l  Soil 

(73 

l/ R e s u l t s  are averages  of d a t a  for two s o i l  p r o f i l e  samples from - 
each l o c a t i o n .  

Annual Report of the U.S. Water Conservation Laboratory



TITLE: USE OF FLOATING HATER S TO REDUCE EVDORATIOE FROM 'i\IATER 

SURFACES 

NKP : 20810 CRIS WORK U N I T  :: 5510-20 

CODE NO, : A r i z  *--WCL 71-6 

IBTRODUCTIOH: 

Long-range dura i l i t y  and e f f i c iency  s t u d i e s  were continued at  

Grani te  Beef f o r  four  covers in uded were foamed rub 

foamed wax blocks, a wo co s wax covers on t h e  9-ft- 

s t a c k  tanks,  i n a t i o n  a t  t h e  end 

of 1977; however, it s wax covers were 

.startring "c ssink, ed t h a t  d a t a  would be c o l l e c t e d  

f o r  1978 t o  s e e  i f  recover a s  the  

pe ra tu res  h e a t e  ~ s ,  Visual  observations of the performance 

of the w a x  cover pond also continue 

ed rubber covers, i5.e f i r s t  loca ted  

on a tank i n  

Arizona in was continued, Info  a ined regarding 

opera t ional  covers Locate on tanlcs on . 

e four  covers on the Grani te  Reef tanks was 

same a s  i n  previous years evaporairi.on from a t r e a  tank being cam- 

pared t o  t h a t  from an i d e n t i c a l  untreated tank). 

Only v i s u a l  observat io  of t h e  f i e l d - i n s t a l l e d  foam rubber 

covers w e r e  made. measurements w e r e  no t  recorded. 

RZSULTS 

Granite Reef aea i n d i c a t e  t h a t  t h e  e f f i c i -  

ency of t h e  32%) as i n  t h e  pre- 

vious S yea on t h e  Granite Reef s tock  tanks. E f f i -  

ciency of the foamed rubber cover was 86%, which. w a s  a l s o  e s s e n t i a l l y  

the  saze as i n  the revious  4 years  of e-xposure. The two continuous 

37ax covers which appeared t o  s t a r t  f a i l i n g  l a s t  year had even lower 
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e f f i c i e n c i e s  i n  1978, Eff ic iency f o r  t h e  120"-125" melt ing po in t  

wax cover had averaged near 87% t h e  f i r s t  5-112 years,  bu t  had 

decreased t o  75% i n  1977, and averaged only 47% i n  1978, The e f f i -  

ciency of t h e  128" melting po in t  wax cover a l s o  averaged near 87% f o r  

4-1/2 yea rs ,  b u t  decreased t o  78% i n  1977, and averaged only 68% i n  

1978, Both of these  covers were much slower t o  respond t o  t h e  h o t  

summer temperatures than i.n t h e  p a s t ,  and both were noted t o  be par- 

t i a l l y  submerged much of the  year ,  Vhatever t h e  reason f o r  t h e  

decreased eEficieacy,  i t  is  apparent  t h a t  both covers a r e  f a i l i n g  

a f t e r  5 t o  5 years exposure. 

The wax cover on the l h e d  pond a t  Grani te  Reef s t i l l  covers 

about 80% of t h e  s u r f a c e  and appears t o  be i n  good condit ion.  

F i e l d  Studies:  Five experimental foame rubber covers contin- 

ued t o  be observed during 19 8. Functional  operat ion r e p o r t s  of each 

fol low : 

Beaver Dan Tank, sou hwest of S t .  George, Utah, i n s t a l l e d  

November 1971. The t a  k i s  s t i l l  a c t i v e l y  being used and t h e  

cover is s t i l  i n  excellent condit ion.  

P r a s i e r  Well Tank, lua lapi  Indian Reservation, i n s t a l l e d  

May 1974. The cover continues ~o Eunction s a t i s f a c t o r i t y  

wirhout change, 

Shipley TSell Tank, Xualapai Indian Reservation, i n s t a l l e d  

May 1974, The cover was repor ted  t o  have a 25-ft t e a r ,  Gover 

had p a r t i a l l y  f l o a t e d  off the tank when t h e  tank overflowed. 

It a l s o ,  while p a r t i a l l y  off  t h e  tank, f roze  i n t o  p lace ,  The 

t ea r ing  occurred when i t h i s  pos i t ion-  Plans a r e  under way 
/ 

t o  patch t h e  t e a r  and r e t u r n  t h e  cover t o  t h e  tank, 

Glover Ranch Tank, south of Safford,  Arizona (Bureau of 

Land Management), i n s t a l l e d  September 1974, The cover is  s t i l l  

used and operat ion i s  s a t i s f a c t o r y ,  The BIZ D i s t r i c t  con- 

s t r u c t e d  15 foamed rubber covers f o r  con t ro l l ing  evaporat ion 

from tanks used t o  s t o r e  water from various water harves t ing 

catchments on t h e  D i s t r i c t .  More covers w i l l  be constructed 
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during 1979. Tan diameters range from 25 t o  30 f t *  

Hughes Ranch Tank, south of Rye, Arizona 

Fores t ) ,  i n s t a l l e d  November 1974, 'She cover i s  i n  excel lent  

condition. It f l oa t ed  off  the  tank once during the year,  bu t  

s tops  were i n s t a l l e d  on t he  tank t o  prevent recurrence. The 

catchment and s torage tank a r e  providing a continual  water 

supply f o r  the  l ives tock.  

The Bureau of L on the  Arizona S t r i p  has 

i n s t a l l e d  I 5  covers o ks over the  pas t  three  years,  

Operation has genera. n s a t i s f ac to ry ,  I n  a few I.nstances 

some shrinkage has occurred, bu t  the  problem does not  seem t o  

be unifomi Ear a1.3. covers. One cover was destroyed by what 

appears t o  be  --likely crows. Some pecking was 

noted on one of first covers t es ted  i n  1 71 (Jackson Wash 

Tar-k, near Cedar C i t y ,  ), but the  d imited, The 

cover was s t i l l  

The evaporation reduction eff ic iency of t he  foamed w a x  blocks 

remained e s s e n t i a l  a f t e r  8 years oE 

foamed rubber cove ich  has been exposed f o r  over 

maintained the  sane e f f ic iency  e two continuous wax covers 

~??iich appeared t o  be f a i l i n g  a t  the  end of 1977 continued t o  decrease 

I n  eff ic iency dur in  e average e f f ic iency  f o r  the  year  was 

only 47% and 68% co to  about 85% fo r  the  f i r s t  4 t o  5 years  of 

exposure. Even with t h e  reduced e f f i c i e  cy, both were more e f f i c i e n t  

than t he  foamed w s and required l e s s  mater ia l  and labor  t o  

i n s t a l l .  They woul eEore be much more economical over a 6- t o  

S-year period than the  foamed wax blocks, where they can be used, 

The wax cover on the Lined pond s t i l l  appears t o  be i n  good 

condition, but is  e ected t o  gradually de t e r i o r a t e  a s  i ts  exposure 

time reaches 4 t o  5 years ,  

The f i v e  experi~nental  foamed rubber covers being evaluated 

generally continue t o  operate s a t i s f a c t o r i l y .  T h i r t y  covers have 
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been cons t ruc t ed  by t 3 e  Bureau of Land Management--15 on t h e  Arizona 

S t r i p  and 1 5  a t  Saf ford ,  Arizona. Some shr inkage  of t h e  covers  has 

been r epor t ed  b u t  they  remain f u n c t i o n a l .  One cover was des t royed  by 

what appeared t o  be peeking-- l ikely crows. More covers  a r e  planned 

by bo th  BTB D i s t r i c t s  dur ing  1_979, 

PERSONNEL: Kei th  R, Cooley, A l l en  R.. Dedrick 
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TITLE: CNENPChZ MODIFICATION OF SOILS FOR 

CRZ S 

CODE 

INTRODUCTION : 

Research t o  develop and e v a l u a t e  more 

e a s i l y  a p p l i e d  wa te r  h a r v e s t i n g  t r ea tmen t s  

l a b o r a t o r y  and t h e  f i e l d ,  Laboratory work 

ZIARVESTING PRECIPITATION 

IJORT( UNIT: 5510-20810-002 

NO.: USWCL 74-1 

e f f e c t i v e ,  l e s s  c o s t l y ,  

cont inued bo th  i n  t h e  

dur ing  1978 was concentra-  

t e d  on u s e  of s t a b j l i z e r s ,  a p p l i e d  i n  conjunct ion  w i t h  t h e  r e p e l l e n t s ,  

t o  reduce e r o s i o n  w i t h  r e s u l t a n r  l o s s  of runoff  e f f i c i e n c y .  F i e l d  

s t u d i e s  were expanded ( I )  t o  i n c l u d e  i n s t a l l a t i o n  of s e v e r a l  promising 

new t r e a t m e n t s ,  (2) t o  use  water  h a r v e s t i n g  technology f o r  runoff  

farming purposes on s e v e r a l  proncising drought - to le ran t  new c rops ,  and 

(3) t o  i n c o r p o r a t e  t h e  ope ra t ion  of t h e  l a b o r a t o r y ' s  Gran i t e  Reef . 

wate r  h a r v e s t i n g  t e s t  s i t e ,  

P a r t  1. Labora tory  S t u d i e s  

A n m b e r  of r e p e l l e n t s ,  i nc lud ing  p a r a f f i n s ,  r e s i d u a l w a x e s ,  and 

s i l i c o n e  were a p p l i e d  t o  s o i l s  which had been s t a b i l i z e d  w i t h  c e l l u l o s e  

xan tha t e ;  t h e  t r e a t e d  s o i l s  were then  subjected t o  a c c e l e r a t e d  weather- 

i n g  i n  e i t h e r  a freeze-thaw o r  a high-humidity chamber; and were period-  

i c a l l y  checked f o r  r e s i s t a n c e  t o  wa te r  e r o s i o n  and f o r  w a t e r  xepeLlency 

(see  previous  Annual Reports  f o r  t e s t i n g  procedures) ,  

R e s u l t s  showed t h a t  t h e  c e l l u l o s e  xan tha t e  s t a b i l i z e r  markedly 

improved t h e  w e a t h e r a b i l i t y  of wax- and s i l i c o n e - t r e a t e d  s o i l s ,  It 

a l s o  w a s  found t h a t  a n t i s t r i p p i n g  agen t s  markedly improved t h e  weather- 

a b i l i t y  of wax-treated s o i l s ,  These a d d i t i v e s  a l s o  pe rmi t t ed  lower 

a p p l i c a t i o n  r a t e s  of t h e  r e p e l l e n t s ,  t hus  reducing both  c o s t  and use  

of pe t rochemica ls  , 

AR emu,ls i f ied wax was used s u c c e s s f u l l y  f o r  t h e  f i r s t  t i m e ,  

Emulsif ied waxes a r e  appea l ing  f o r  runoff  enhancement purposes because 

they  a r e  easy  t o  apply  wi th  r e l a t i v e l y  unsoph i s t i ca t ed  equipment* 

Previous  f a i l -u re  w i t h  such emulsions r e s u l t e d  mainly from a l o s s  of 

s o i l  s t r u c t u r a l  s t a b i l i t y ,  Use of a s e p a r a t e  s t a b i l i z e r  e l i m i n a t e s  

t h i s  problem. 
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The s i x  most promising repellent-plus-addit ive treatments a r e  

l i s t e d  i n  Table 1, Mater ia l  c o s t s  a r e  l i s t e d  and compared t o  those  

of t h r e e  s tandard  water-harvestkng treatments (butyl ,  asphalt-  

£ Yoerglass, and para  f i n  wax). For the extreme comparison, i t  i s  

noted t h a t  the butyS i s  74 times a s  c o s t l y  a s  t h e  s l a c k  wax 4- xanthate  

t rea tment*  F i e l d  t e s t i n g  of t h e  p a r a f f i n  p lus  a n t i s t r i p  was i n i t i a t e d  

i n  1978; o t h e r s  from Table l w i l l  be i n s t a l l e d  i n  1979, 

er-harvest ing treatment evaluations a t  t h e  

Granite Reef t e s t  s i te  now appear under t h i s  repor t ing u n i t  because of 

ne l  and. programs a t  t h e  laboratory.  Rainfall-runoff 

e f f i c i e n c i e s  f o r  a l l  p l o t s  appear i n  Table 2 ,  Treatment changes, 

which a r e  i n  i c a t e d  i n  Table 2 ,  a r e  e labora ted  on i n  Table 3 ,  Treat-' 

meat desc r ip t ions  of t h e  o the r  p l o t s  under test may b e  found i n  t h e  

A summary of t h e  ra infa l l - runoff  da ta  f o r  a l l  wax p l o f s  a t  Grani te  

Reef appears i n  Table 4 ,  The two i n i t i a l  paraff in- t rea ted  p l o t s  (R-2 

and T-13) an t h e  s l a c k  wax p l o t  (T-6) had higher e f f i c i e n c i e s  than i n  

er w a x  (plus var ious  add i t ives )  p l o r s  i n s t a l l e d  i n  

1376 were remove due t o  l o s s  oE runoff efEiciency o r  

excessive eros ion,  

PERSONNEL : 
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Table 4. Host promising r epe l l en t  water-harvesting t rea tments  

based on 1978 laboratory  evaluat ions  wi th  ma t e r i a l  

co s t s  coapared t o  those of th ree  standard treatments,  

PARAFFIN 4- TE 0,s 
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Table 2 .  Rainfal l -runoff  f rom water harvesting p l o t s  a t  Granite Reef i n  1978 ,  

o n r e  P C P  - 3  - I.-j--GGG~-7_-->Li---~:>--~~---&>---A-*---h:~--A-3-2~A ---.- 32 -- 
I.m, - -----.----.---------,---, 

12 . ~ . I I %  :.ti I 0 O ' 1 . 1  J ?  O r ~ i ~ . l  0 I O I .  I 1 2 . 7  0 0 5:.2 
10 17.0 92.9 J.+.&YL.b Y7.6 " 25.9 ti1.0 40.2 89.7 37.0 71.6 92.1 8 .  111 .7  il.? f j 1 , h  
14-15 27.7 98.1 1 1 . 0 6 6 . 8  96.6 " 59.8 85.6 20.9 86.3 E.8 75.7 95.4 71.8 21.9 6 85.7 
16-17 9.L 97.7 1 4 . 6 5 7 . 2  98.1 " (13.9 78.4 17.8 85.7 12.2 61.9 90.4 66.8 23.8 52.4 63.9 
1 7  4 . 2  105.3 $0 .71 :? .9  109.3 " b8.4 07.6 58.1, g'e.7 4 2 . 2  85.3 9 7 . 2  65.3 5G.9  74.1 9 0 . 7  
19-20 5 .6  96.8 0 2 2 . 6  95.1 " 17.4 5L.9 0 74.2 [, 47.6 83.8 3X.2 O 2 7 . 1  63.2 
30-31 15.0 102.0 2 .2 f14 .7  103.5 " 32.3 i 7 . 5  9.9 82.1 6.2 60.6 9.3.7 61.1 1 . 1  44.2 6 l , 5  
31-1 F P ~  9.4 95.1 7.4 48.9 97.3 " 41.7 x . 5  26.5 80.8 19.1 (17.7 99.1 52.9 23.0 49.9 t c .9  
5 Feb 2.0 93.0 0 0 85.0 " 0 43.7 0 51.9 0 20.4 115.3 11.1 O 5.1 38.1 
8 3.8 97.4 0 32.2 98.0 " 26.9 69.7 10.3 77.3 8.1 58.6 89.9 39.5 16.8 50.L b7.2 
10-11 21.2 97.7 24.671.4 98.7 " 50.9 85.1 14.2 85.6 20.0 73.5 9 i . 3  72.6 38.2 66.8 6 i . 9  
14-15 40.6 ir' 44 .977 .6  69.7 " 73.1 67.7 27.5 83.5 35.0 7 G . 1  91.7 87.6 36.2 70.2 88.6 
27-28 8 . 3  100.0 0 31.6 100.0 " 1817 70.6 0 78.4 0 50.L 91.4 52.3 0 26.1 73.9 
26-1NRr 21.0 100.4 37.173.9 102.7 " 61.3 87.0 45.1 91.7 39.8 75,ir 95.5 i 48.4 70.8 90.7 
1-2 13.4 100.0 8 . 0 5 9 . 5  100.4 " 36.7 79.8 15.8 84.3 9.0 67.9 91.8 79.3 16.2 47.7 87.9 
2 1 . 8  104.2 0 0 93.0 " 15.3 38.9 0 50.6 0 X8.7 89.5 26.2 0 35.5 54.7 
5 7.6 103.6 1 8 . 7 6 1 . 5  98.7 " 38.8 eC.6 19.6 81.9 11.2 6i .5  96.1 69.8 33.3 59.3 81.3 
10-12 22.6 96.2 35 .962 .7  97.4 " 50.9 6 4 . 2  32.2 84.5 34.6 71.6 91.6 70.6 hS.1 64.5 77.9 
22 1 0 . 1  99.6 40 .666 .3  100.7 " 52.1 8?.2 52.9 92.5 49.3 78.6 95.4 78.9 55.3 72.1 74.5 
1-2 Apr 2.0 102.5 0 0 16.2 " 0 33.0 0 41.8 0 0 77.8 0 0 0 0 
8 18.8 94.3 48 .371 .9  97.1 " 60.3 83.2 48.8 85.5 48.5 69.9 69.7 76.9 55.5 68.2 78.2 
28 Jun 7.4 90.5 0 3.7 101.6 " 84.7* 67.2 0 66.6 0 51.8 65.3 36.0 13.5 31.1 57.1 
9 J u l  2.0 98.2 0 0 95.0 " 87.5 45.0 0 37.1 0 0 67.5 0 0 0 20.2 
22 50.7 F F F  F " F  F F F F F F I: F F F 
24 5.3 112.9 0 30.9 ?! " M 70.5 EI 53.5 0 34.5 105.8 63.9 0 31.1 64.2 
2 Aug 18.5 101.0 61.7 i 102.2 " 1.1 101.5 57.8 89.2 59.3 76.6 101.6 89.3 66.8 75.2 73.9 
3 6.6 97.7 32 .941 .6  100.7 " bi 8F.O 40.8 82.5 35.6 106.1 105.6 71.5 38.7 67.3 70.6 
16 Scp 6.0 1Oh.O 0 4.3 145.4 " El 97.5 0 95.5 0 + 137.0 55.6 4 45.8 76.2 , 
23 16.0 89.0 0 3.5 96.7 " El 8y.7 28.1 66.3 24.4 L5.6 77.5 69.4 38 , s  37.5 50.4 
21-220c t  10.7 89.2 0 1.0 75.2 " 81.2 51.7 9.5 53.8 7.7 26,2 88.0 50.2 7.5 17 .8  59.6 
2 1, 5.1 94.3 0 1.9 85.6 " 89.9 62.4 0 66.1 0 29.7 90.3 45.9 0 29.6 60.5 
11-13 Nov 43.0 F 10.8 d F F 8.0 F 1 . 8  53.3 F F 18.6 L4.6 F " '  

1 4  1 .8  95.8 0 34.1 88.9 95.6 65.3 0 87.2 0 52.6 101.8 L9.L 0 50.9 73.7 
1 5  1 .8  64.2 0 17.8 72,2 " 70.8 25.8 0 17.8 0 16.5 72,5 33.6 G 11.4 Lb.3 
23-24 17.6 96.7 0 40.7 81.2 " 93.0 66.2 3.5 74.7 0 39.0 94.1 68.0 3.7 31.6 75.2 
5 Orc 4.1 92.7 0 31.3 83.5 " 87.4 611.7 0 67.3 0 31.1 87.0 17.7 0 31.8 61.6 
17-19 79.8 T 1 1 . 1 1 3 . 1  F " F F 15.2 F 14.9 F F F 21.5 F P 

11.2 95.4 0 18.3 78.0 ' 63,2 - 0 1 6 . 3 - w  56.9 1% 29-30 --. - - - 
0. 52.8 

TOTALS ** 540.1 ~ 9 8 . 1  19.5 42.6 95.8 L% 87.9 78.8 21.1 81.0 20.2 61.9 93.3 68.7 27.2 53.2 77.2 

NoLntion: F = o v c r i l w c d  s t o r a g e ;  ti = r;.cchniiical ml f imc tbon ;  UN - unt raa tcd ;  i = ncccrnulotcd ra inEd1 c s c n t s ;  
* - i n i t i a t i o n  of 11cw trentmencs, o r  maintenance of c n t c l r ~ e n t .  ** Percentage t o t a l s  a r e  based on measured darn only,  i.c., no e s t i m t e a .  
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Table 2. lininfall-runoff from water harvesting p l o t s  n t  Granite Beef i n  1978. (Continued) 

pace Trccip. 12-1 I<-2 3 T-1 T-2 T-3 T-4 T-5 6 T-7 T-8 T-9 T-10 T-11 T-12 T-13 T-14 T-15 
nrs % 

9 Jon 2.8 o a o t c k c t i c t c 4  P c c 
1 0 J n n  17.0 33.8 36.6 44.5 102.0 83.3 59.6 80.3 102.5 73.2 53.5 64.6 101.0 88.9 103.0 ' 90.9 3i.8 44.4 
1 4 - 1 j J m  27.: 10.5 17.0 17.9 105.0 98.0 61.8 79.4 103.2 72.6 32.5 48.7 97.8 97.5 104.3 " 94.9 10.8 48.4 
16-172an 9.4 17.4 20.3 17.6 4  i + i C  4  C  4  i + C " 4  C i 
17 4.2 11.1 25.3 53.1 104.4 99.3 64.0 80,9 101.5 78.7 49.3 82.4 106.6 94.8 110.3 " 101.5 30.9 48.5 
19-20 5.6 0 0 1.4 87.5 73.2 21.4 37.5 89.3 30.4 12.5 69.6 89.3 94.6 100.0 " 75.0 10.7 28.6 
33-31 15.0 5.9 6.3 8.9 117.3 105.3 54.7 73.3 114.7 60.0 23.3 110.0 113.3 111.3 118.0 " 97.3 12.0 36.0 
31-1Feb 9.4 1 4 4  17.7 24.2 85.1 77.6 55.3 63.8 83.0 59.6 18.1 55.3 88.3 69.1 87.2 " 76.6 23.4 34.0 
5 l eb  2.0 0 0 0 i 4 + C C  6 C  t t 4 " i t i 
8 3.8 3.9 6.4 6.8 87.9 74.1 43.1 44.8 91.4 12.1 19.0 103.4 98.3 79.3 100.0 " 72.4 8.6 27.6 
10-11 21.2 19.4 26.2 29.9 103.8 100.9 81.6 82.1 103.3 75.0 36.8 6 1 3  105.7 88.2 105.2 " 96.7 25.5 34.9 
14-15 40.6 27.4 35.4 42.8 f F 63.3 85.2 F 60.3 39.6 41.4 F 79.3 F " F 33.7 38.7 
27-28 8.3 3.7 5.3 7.1 101.2 92.9 40.0 52.9 100.0 36.5 i6 .8 '  81.2 104.7 70.6 107.0 " 89.4 7.0 32.9 
28-1 '.kr 21.0 30.2 32.4 4 . 6  108.6 102.4 80.9 85.2 107.1 101.9 53.3 79.5 108.1 80.0 110.5 " 100.5 44.7 47.1 
1-2 13.4 7.6 10.6 12.8 104.5 97.0 52.2 66.4 100.7 62.7 20.9 79.1 105.9 83.6 108.9 " 89.5 13.4 26.8 
7 1.8 0 0 0 100.0 66.7 44.4 50.0 94.4 4t.4 0 100.0 116.7 55.6 111.1 " 61.1 27.8 38.9 
5 7.6 14.0 20.9 2t.2 105.3 97.4 64.5 68.4 103.9 48.7 34.2 86.8 110.5 89.5 107.9 " 94.7 19.7 42.1 
10-12 22.6 29.2 31.6 40.7 102.2 89.8 63.7 76.1 97.3 65.9 45.1 63.7 102.2 84.9 102.6 " 87.2 5.3 35.8 
22 10-1 29.5 30.4 39.3 99.0 96.0 78.2 81.2 99.0 69.3 56.4 68.3 106.9 89.1 103.9 " 113.8 39.6 52.5 
1 -2bpr  2.0 0 0 0 0 0 0 0  0 0 D 0 0 0 0 " 0  0 0 
8 18.8 42.9 38.4 50.2 98.9 85.1 76.1 84.0 94.1 75.0 59.6 71.8 77.1 82.9 9 8 . 9 -  95.2 44.1 47.8 
28Jun  7.4 1.7 4.3 71.0 83.8 56.8 37.8 29.7 68.9 32.4 23:O 48.6 86.5 86.5 36 .5*63 .5  10.8 39.2 
9 J u l  2.0 0 0 0 0 0 0 0 0 0 0 0* 0 0 0 0 0 0 0 
22 50.7 F F F F F UN US F F UN F P F P F F P LY 
24 5.3 0 0 3.3 H ?i " M M " PI H M H H M W  I 

2Aug 18.5 24.2 49.7 63.6 101.7 103.8 " " 108.6 74.0 " 84.3 97.3 47.0 99.4 37.8 Y 56.8 " 
3 6.6 5.7 18.7 23.8 92.4 90.9 " " 90.9 66.7 " 68.2 98.5 39.4 100.0 28.8 84.8 48.5 " 
1 6 S e p  6.0 9.9 11.4 12.5 83.3 66.7 " " 75.0 46.7 2 56.7 86.7 30.0 88.3 0 80.0 16.7 " 
2 3 4.0 0 0 0 0 0 'I  0 0 0* 0 0 0 ,, 0 0  0 0 11 

21-220ct 10.7 0.2 4.7 0.5 93.4 75.7 " " 85.0 4.7 91.6 62.6 82.2 18.7 98.1 10.3 83.2 13.1 " 
21. 5.1 0.3 2.9 0.6 86.3 76.5 " " 76.5 N 88.2 68.6 98.0 11.8 9 . 1  5.9 74.5 3.9 " 
11-13 Nov 43.0 i\! 9.4 16.1 I' F I " r 62.8 F 55.6 F 46.1 F 17.7 F 20.5 " 
14 1.8 0 0 0 i 4 i + 4 i -+ 0 i i t 

15 1.8 0 0 0 88.9 61.1 " " 80.6 33.3 77.8 72.2 97.2 19.4 100.0 0 61.1 30.6 " 

23-24 17.8 2.6 6.2 8.5 98.3 91.6 " " 98.3 50.6 77.5 68.5 96.6 24.7 101.1 5.6 92.7 9.0 " 
5 Dec 4.1 0 0 0 82.9 75.6 " " 90.2 22.0 85.4 53.6 95.1 0 97.6 0 68.3 0 
17-19 79.8 7.2 5.6 16.2 F F ' F F F F F Y F P  F F 

l i . 2  3.2 9.1 3.7 96.4 83.9 " 98.2 0 75.9 0 91.1 *4.3A 50.0105.3 0 - - -  29-30 - - - - - - " - 
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Table 3.  Treatment changes a t  Gran i t e  Reef dur ing  1978. 

I. Removed: 

I n s t a l l e d  19  Apr 1963 Basecoat,  RC-special a t  1 .5  kg 
a s p h a l t  /m2 

Maintenance 1 3  Nov 1975 Sea lcoa t ,  SS2L a s p h a l t  a t  2,O kg 
asphalt/m2 modified w i t h  A-l  f i b e r s .  

Removed Hay 1978 
Reason f o r  removal: Low e f f i c i e n c y  

I n s t a l l e d  14 Sep 1976 Dust suppressant  o i l  (Chevron) p l u s  
p a r a f f i n  (128-131 AMP) a p p l i e d  as a 
h o t  melk mix i n  95/5% r a t i o  a t  l%/m2. 

Removed 1 2  J u l  1978 
Reason f o r  removal : Low e f f i c i e n c y  f o r  a wax p l o t -  

I n s t a l l e d  25 Aug 1976 Blend of p a r a f f i n  and e t h y l e n e  v i n y l  
a c e t a t e  copolymer (Suntech, Inc . )  
app l i ed  as a ho t  m e l t  a t  0.8 kg/m2- 

Removed 1 2  J u l  1978 
Reason f o r  removal: Low e f f i c i e n c y  f o r  a  wax p l o t  

I n s t a l l e d  1 2  Sep 1968 Clay a s p h a l t  
Removed 12 J u l  1978 
Reason f o r  removal: Low e f f i c i e n c y  

I n s t a l l e d  9 Sep 1976 P a r a f f i n  (128-131 kQLe) , a n t i s t r i p  
(Dow Z-6076), t a c k i f y e r  (Hercu3.e~ 
L-60) app l i ed  as a h o t  me l t  mix in  
r a t i o  of 89:1:10 a c  0 , 7 5  kg/m2 on a 
2.5-cm-thick bed of medLurn-textured 
sand l a i d  over  t h e  Granite Reef s o i l ,  

Removed 1 2  JuL 1978 
Reason Sor  removal: Excessive e ros ion  of the unsta ' iz i l ized 

sand 

I n s t a l l e d  16  Sep 1976 Hawaiian crude r e s i d u a l  wax a p p l i e d  
as h o t  mel t  a t  1 - 0  kg/m2. 

Removed 12  J u l  1978 
Reason f o r  removal: Low e f f i c i e n c y  

11. New I n s t a Z l a t i o n s :  

L-6 I n s t a l l e d  1 5  Jun 1978 Conventional a s p h a l t - f i b e r g l a s s  
t rea tment  t o  1 / 2  a r e a ,  Monsanto 
unwoven p o l y e s t e r  f a b r i c  - asp l i a l t  
t rea tment  t o  o t h e r  1 /2 ,  
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Table  3. Treatment changes a t  Gran i t e  Reef dur ing  1978. (Continued) 

T-7 I n s t a l l e d  1 9  Sep 1978 P a r a f f i n  (128-131 s c a l e )  p l u s  5% 
by weight.  Trymeen 6639 a n t i s t r i p  w 

(Emery Co.) a p p l i e d  a s  h o t  me l t  a t  
0.5 kg/m2 t o  compacted p l o t .  

T-10 I n s t a l l e d  29 Sun 1978 N a C l  s a l t  p l u s  Arizona c l a y  (Sup- 
e r i o r  Co,) a p p l i e d  a t  25 and 140 l b ,  
resp . ,  were r o t o t i l l e d  i n t o  t o p  2." 
s o i l  and packed on 26 J u l ,  

T-12 I n s t a l l e d  27 June 1978 Subind (Chevron) 
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Table 4 ,  Summary of runoff efficiencies from wax-Lreated plots at 
Granite Reef, 

I-! Wax Treated Plots - 

1/ First year's data represents partial year. - 

2/  Missing data, - 
31 Terminated during the year. - 
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TITLE: RAINFALL, RIJ'bTOFF, AND EROSION RELATIONSHIPS FROM AGRICULTURAZ . 

WATERSREDS IN ELRWA1I 

W :  20810 CRIS WORT< UNIT: 5510-20810-003A 

CODE NO,: 'IISWCL 78--5 

INTRODUCTION: 

The Hawaiian r a in fa l l - runof f - e ros ion  p r o j e c t  conducted on s i x  

s m a l l  a g r i c u l t u r a l  watersheds i n  coopera t ion  w i t h  t e Unive r s i t y  of 

Nawaii, was cont inued  through 1978, Seven y e a r s  of d a t a  have now been 

c o l l e c t e d ,  processed  i n t o  engineer ing  u n i t s ,  and s t o r e d  on d i s k  cart- 

r i d g e s ,  ready f o r  a n a l y s i s ,  A SEA-WR pub l i cae ion  t h a t  w i l l  summarize 

r e s u l t s  and p r e s e n t  the d a t a  c o l l e c t e d  through 1977 is i n  rough d r a f t  

form. Zlwo o t h e r  pub i c a t i o n s  concerned w i t h  t h e  erosinre power of 

Hawaiian ra.knf a l l ,  d t h e  SCS runoff  curve  number method f o r  e s t i -  

making runoff  f rom sugarcane and p ineapple  l ands ,  are i n  t h e  review 
1 

process ,  

PROCEDURE : 

R a i n f a l l  and runoff  d a t a  from t h e  s i x  sma l l  a g r i c u l t u r a l  water- 

sheds was co l l . ec te  c h a r t s  and processed i n t o  eng inee r ing  

u n f t s  on d i g i t i z e r s  a n  computer f a c i l i t i e s  a t  t h e  U, S, Water Con- 

s e r v a t i o n  Laboratory,  1 r a i n f a l l  and runoff  d a t a  a r e  then  s t o r e d  

on d i s k  c a r t r i d g e s  f o r  compucer a n a l y s i s ,  Sediment and e r o s i o n  d a t a  

are c o l l e c t e d  and processed  by s o i l  t e c h n i c i a n s  from t h e  Universkty 

of  Hawaii. 

RJ3SULTS AND DTSCUSSZON: 

A b r i e f  summary of events  occurr ing  and cond i t i ons  observed 

dur ing  t h e  y e a r  a r e  no ted  below f o r  each s i te:  

1. Laupahoehoe - A complete cover of sugarcane over  10  f t  h i g h  

covered t h i s  watershed throughout 1978, An e a r l y  1979- 

h a r v e s t  i s  expected a t  t h e  s i t e ,  

2. Honokaa - This s i t e  a l s o  had a complete cover  of ove r  10  f e  

h igh  sugarcane dur ing  1978, and is scheduled f o r  a n  e a r l y  

1979 h a r v e s t .  

3, Waialua Sugar - This  watershed, which was b a r e  t h e  las t  h a l f  

of 1977, was p l an ted  t o  sugarcane about  Narch 12,  1978, By 
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June 5, 1978, t h e  cane was over 3 f t  high and prsvided a 

l i m i t e d  ground cover, which continued u n t i l  September 9, 

1978, when t h e  cane had g r a m  t o  over  6 f t  high,  and pro- 

vided a p a r t i a l  cover ,  The cane continued t o  provide a  

p a r t i a l  cover t h e  remainder of 1978, 

Waialua Pineapple - This s i t e  was abandoned i n  l a t e  3.977, 

and t h e  equipment move t o  t h e  Helemano site.  

M i l i l a n i  - A mature pineapple crop over  3 f t  high provided 

a complete cover on t h i s  watershed throughout 1978- 

Kunia - A young pineapple crop provided a p a r t i a l  ground 

cover on t h i s  watershed u n t i l  Apr i l  197 By Apri.1, t h e  

crop had grown enough t o  provide complete cover ,  wliich 

e x i s t e d  t h e  remainder of t h e  y, - a r ,  

R e l e m o  - This i s  a new site which was instrumented i n  

January 1978 on a t r i c k l e  i r r i g a t e d  sugarcane f i e l d .  The 

cane was p lanted  i n  January, and had xeac ed a l i m i t e d  cover 

s t a g e  by mlid-March- By t h e  f i r s t  of June t h e  i r r i g a t e d  cane 

had grown enough to provide a p a r t i a l  cover,  and a complete 

cover s t a g e  was reached by the  f i r s t  of September, a . 
t h e  rest of 1978, This i r r i g a t e d  s i te  reached a complete 

cover s t a g e  over 2 months e a r l i e r  than t h e  non- i r r iga ted  

Waialua sugar  s it:e which was p lanted  a.bout he  same rime i n  

t h e  same genera l  a rea ,  It w i l l  be  i n t e r e s t i n g  t o  s e e  i f  

ha rves t  is  a l s o  advanced propor t ionate ly .  

A SEA-T?R publicakion intended as a means t o  p resen t  t h e  d a t a  and 

sunmary of r e s u l t s  from t h i s  p r o j e c t  f o r  poss ib le  use by o t h e r  

r e sea rche r s  was no t  completed during 1978, The 1977 d a t a  was pro- 

cessed and added t o  t h e  1972-1976 d a t a  f o r  i n c l u s i o n  i n  t h e  publica-  

t i o n .  Since s e v e r a l  of t h e  watersheds w e r e  harves ted  during 1977, 

adding t h i s  d a t a  inc rease  t h e  range of condi t ions  which could b e  

covered i n  t h e  summary, This is  e s p e c i a l l y  important when s tudying 

sugarcane and pineapple c u l t u r a l s ,  because t h e s e  crops cover t h e  

f i e l d  such a high percent  of t h e  time, and ba re  s o i l  o r  o t h e r  non- 

complete covers a r e  observed f o r  only very  s h o r t  per iods ,  Examples 
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of some of t h e  t a b l e s  and f i g u r e s  t o  be used i n  t h e  pub l ica t ion  were 

presented i n  l a s t  yea r ' s  annual r epor t  under t h e  t i t l e  ?%terials  

and Methods f o r  Water Harvesting and Water Storage i n  t h e  S t a t e  of 

Hawaii. " 
P a r t  of t h e  r a i n f a l l  da ta  from t h i s  s tudy was used t o  i n v e s t i -  

g a t e  t h e  e ros ive  c h a r a c t e r i s t i c s  of Hawaiian storms, and t o  de te rn ine  

which category of s tandard SCS-type storms most nea r ly  desc r ibe  

Hawaiian r a i n f a l l .  It was found t h a t  most of even t h e  l a r g e r  storms 

were of t h e  less e ros ive  type I and type  I A  category, although type  

I1 and I I A  d id  occas ional ly  occur, A knowledge of t h e  d i s t r i b u t i o n  

of e ros ive  type s t o m s  wi th in  t h e  yea r  could b e  important t o  planta-  

t i o n  managers t r y i n g  t o  reduce eros ion,  which i s  most cr i t ical  immedi- 

a t e l y  following ha rves t s ,  They could use t h e  d i s t r i b u t i o n  information 

t o  schedule ha rves t  periods on t h e  most e ros ive  p o t e n t i a l  f i e l d s  f o r  

t h e  por t ion  of t h e  year  when e ros ive  s t o w  are less l i k e l y  t o  occur, 

The r a i n f a l l  and runoff da ta  was used t o  compute a c t u a l  optimized 

runoff curve n m b e r s  f o r  each s i te ,  The optimized values  were then 

compared t o  handbook values es tab l i shed  from experience on t h e  main- 

land. It was found izha"cpt2n.ndze values w e r e  sEigbtLy lower than 

handbook values  f o r  sugarcane, and considerably lower f o r  pineapple, 

The l a r g e r  d i f fe rence  observed f o r  pineapple may have been p a r t i a l l y  

due t o  t h e  e f f e c t  of f i e l d  roads,  I n  t h e  optimize procedure t h e  per- 

cen t  of f i e l d  r o a  s was determined, and t h e  curve number f o r  t h e  roads 

was es tab l i shed  from. handbook and r a i n u l a t o r  s t u d i e s ,  The curve 

numbers f o r  t h e  pineapple w e r e  then determined, and found toabe much 

lower than handbook values ,  ind ica t ing  t h a t  t h e  pineapple o f f e r s  more 

p ro tec t ion  than an t i c ipa ted .  These r e s u l t s  a l s o  suggest t h a t  a l a r g e  

por t ion  of t h e  runoff ,  and hence erosion,  comes from t h e  1 0  t o  20 

percent  of t h e  watershed i n  roads, It may the re fo re  b e  b e s t  t o  con- 

c e n t r a t e  conservation measures on t h e  roads and l e t  contour p lan t ing  

t a k e  ca re  of t h e  cropped por t ion.  

SlJPlMAXY AND CONCLUSIONS: 

A b r i e f  summary of cover condit ions on t h e  s i x  watersheds f o r  

t h e  year follows: 
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Two of  t h e  sugarcane watersheds had a complete cover  a l l  of 1978 

and a r e  expected t o  be  harves ted  i n  e a r l y  1979. The o t h e r  two were 

p lan ted  i n  e a r l y  1978 and both  had reached t h e  complete cover s t a g e  

by t h e  end of t h e  year .  Both pineapple watersheds had a complete 

cover of p ineapple  most of the  yea r ,  one being a mature crop and t h e  

o t h e r  reaching t h e  f u l l  cover s t a g e  by Apr i l ,  The t r i c k l e - i r r i g a t e d  

sugarcane s i t e  appeared t o  grow considerably f a s t e r  than a nearby 

non- i r r iga ted  s i te ,  and Lhis tendency w i l l  be observed t o  see i f  

h a r v e s t  t ime i s  a l s o  advanced, 

A r e p o r t  intended t o  p resen t  r a in fa l l - runof f  and e ros ion  d a t a  

and a n a l y s i s  f o r  t h e s e  watersheds t h a t  was i n  rough d r a f t  form l a s t  

y e a r  is being  re-done t o  inc lude  1977 data ,  Inc lus ion  of t h e  1977 

d a t a  was necessary  t o  i n c r e a s e  t h e  rarrge of condi t ions  involved s i n c e  

four  of t h e  s i x  watersheds were harves ted  and rep lan ted  dur ing  o r  a t  

one end of 1977. 

General ly,  Hawaiian storms were found t o  b e  of t h e  l e s s  i n t e n s e  

type  1 o r  I A ,  a l though type  T I  and I I A  storms do occas ional ly  occur. 

Runoff curve n m b e r s  obtained from ra in fa l l - runof f  d a t a  w e r e  lower 

t h a n  SCS handbook va lues ,  especia l1y  on t h e  pineapple watersheds,  

I n d i c a t i o n s  a r e  t h a t  t h e  10 t o  20 percent  of t h e s e  watersheds occupied 

by f i e l d  roads p lay  a s i g n i f i c a n t  r o l e  i n  t h e  runoff and e r o s i o n  

processes  - 
PERSONNEL: K, R, Cooley 
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APPENDIX 

LIST OF PUBLICATIONS PUBLISEIED 

ABD 244NUSCRIPTS P??SPAP.ED IN 1978 

MS No. 

Improve I r r i g a t i o n  and Drainage of 
A g g r i c u l t u r a l  Land 

C lemens ,  A, J , ,  and Fangmeier, D. D.  - 
Discuss ion  o f :  "Border - i r r iga t ion  h y d r a u l i c s  
w i t h  ze ro  i n e r t i a , "  by T. S t r e l k o f f  and N .  D, 
Katopodes, [Sour,  I r r i g ,  and Drain. Div , ,  Proc , ,  
An~er. Soc, C i v i l  Engin, 103(IR3):325-342, 19771, 
Jour .  Z r r i g ,  and Drain.  Div, 104(IR3):337-339. 
Sept ,  1978, 652 

C lemens ,  A ,  J, Discussion o f :  "Dimensionless 
s o l u t i o n s  of b o r d e r - i r r i g a t i o n  advance," by . 

N. D. Katopodes and T. S t r e l k o f f ,  [ Jour ,  I r r i g .  
and Drain.  Div., P roc , ,  Amer. Soc. C i v i l  Engin. 
203(IX4):401--418, 19771. Jou r .  I r r i g ,  and Drain,  
Div. 104(ZR3):339-341, Sept .  1978 644 

Clemmens A, J,, and Replogle,  J .  A,  New flume 9 

breakrhough f o r  d i t c h  i r r i g a t o r s .  I r r i g .  Age 
12(7):82-88, A p r i l  1978, 647 

Dedriclc, A.  R,, and E r i e ,  L. J .  Automation of 
on-farm i r r i g a t i o n  t u r n o u t s  u t i l i z i n g  jack-gates.  
Trans , ,  h e r ,  Soc, Agric.  Engin. 21(1):92-96, 
J an ,  1978, 569 

Dedrick, A. X. and E r i e ,  L. J. I r r i g a t i o n  and 
automation oE l e v e l  bas ins .  Proc, ,  Western 
Cottom Prod. Con£ , , Phoenix, Az . , Feb . 21-23, 
1978. pp. 44-46, 649 

Dedrick. A *  R,, Replogle,  J. A . ,  and Eri.., 
I,. J ,  On-farm level.-basin i r r i g a t i o n  -- save  
water  and energy, C i v i l  Engin. 48(1):60-65. 
January 1978- 618 

E r i e ,  L. 3. and Dedrick, A, R,  Automation of 
a n  open-ditcb i r r i g a t i o n  conveyance system 
u t i l i z i n g  t i l e  o u t l e t s ,  T rans , ,  h e r ,  Soc. 
Agric.  Engin, 2L(I) : l l9-123.  J an ,  1973. 
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MS No. 

Prepared : 

E r i e ,  L, J., Bucks, D. A , ,  and French, 0, F, 
EEfect of water  a p p l i c a t i o n  on growing c o t t o n ,  
Proc. ,  Western Cotton Prod,  Conf., Phoenix, Az,, 
Feb, 21-23, 1978, pp, 14-19, 648 

Nakayama, Fa S , ,  G i l b e r t ,  R. G., and Bucks, 
D. A. Water t rea tments  i n  t r i c k l e  i r r i g a t i o n  
systems. J o u r ,  I r r i g *  and Drain. Div, ,  h e r ,  
Soc, C i v i l  Engin, Proc . 104 (IIU.) : 23-24. March, 
1978, 605 

Replogle,  5 .. A,  Discuss ion  of : "Bibliography 
on d i scha rge  measurement . t e c h n i q u e s , P ~ ~ r .  
Soc. C i v i l  Engin, Task Corn, on FLOW Measure- 
ment of t h e  Corn. on Hydraul ic  S t r u c t u r e s  of 
t h e  Hydraul ics  Div. [ Jou r ,  Hydraul* Div, ,  h e r .  
Soc. C i v i l  Engin. 103(?1Y8) : 889-904, 19771, 
Jou r ,  Hydraul,  Div,, A m e r *  Soc. C i v i l  Engin, 
114(BY4):577, A p r i l  1978, 

ReplogZe, 3 ,  A , ,  Riekerk? Hans, and Swindel, 
B. F, Flow meter ing flumes monitor  water  i n  
c o a s t a l  f o r e s t  watershed,  Water and Sewage 
Vorks Jou r ,  125(7):64-67, J u l y  1978. 

Replogle,  3- A, Flumes and broad-crested 
we i r s  -- mathematical modeling and l a b o r a t o r y  
r a t i n g s .  I n  : "Flow Neasurement of Fluicls . " 
Proc,  mOiCXCO, 1.978, The Netherlands,  II. I.2. 
D i j s t e l b e r g e n ,  E. A, Spencer (Eds , ) ,  North- 
Hol1an.d Pub l i sh ing  Co, pp. 321-325, 1978, 

Replogle,  5 .  A , ,  Dedrick, A. R., and E r i e ,  
L -  J. I r r i g a t i n g  w i t h  l e v e l  bas ins .  Ar iz .  
P ro f .  Engin, 3 O ( l O )  : 4-5. October 1978 

Bucks, D. A,, Nakayama, P. A.,  and G i l b e r t ,  
R. G ,  T r i c k l e  i r r i g a t i o n  water  q u a l i t y  and 
p reven t ive  maintenance. Agric .  Water Manage- 
mene. (Submitted f o r  pub l i ca t ion )  

C lemens ,  A lbe r t  J , ,  and Replogle,  J .  A, 
Cons t ruc t ing  s imple  nleasuring flumes f o r  
i r r i g a t i o n  cana l s .  USDA Farmers B u l l e t i n .  
1979. (In p r e s s )  
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Clemmens, A. S . ,  and S t r e l k i f f ,  Theodor. 
Dimensionless advance f o r  l eve l -bas in  
i r r i g a t i o n ,  Jou r .  I r r i g ,  and Drain.  Div.,  
h e r .  Soc. of C i v i l  Xngin. (Approved Eor 
p u b l i c a t i o n )  

Clemmens, A lbe r t  J ,  V e r i f i c a t i o n  of  the  
z e r o - i n e r t i a  model f o r  border  i r r i g a t i o n .  
Trans.,  Amer, Soc, of Agric.  Engin, 
( I n  p r e s s )  

E r i e ,  2, J,, and Uedrick, A. R. Level  b a s i n  
i r r i g a t i o n :  A method f o r  conserv ing  water  
and l a b o r ,  USDA Farmers B u l l e t i n  No, 2261. 
( I n  p r e s s )  

G i l b e r t  , R, G . ,  Na*ama, P S , , and Bucks - 9 

D. A. T r l c k l e  i r r i g a t i o n :  Prevent ion  of -- 
c logging ,  Trans , ,  A m e r .  Soc. Agric .  Engin, 
( I n  p r e s s )  

Nakayama, F, S , ,  Bucks, D ,  A , ,  and Clemmens, 
A. S o  Assessing t r i c k l e  emmiter a p p l i c a t i o n  
un i fo rmi ty ,  Trans,, A m e r ,  Soc, Agric .  Engin. 
( I n  p r e s s )  

Replogle,  3 ,  -., A , ,  and Glemmens, A. 5 .  
Broad-crested weirs f o r  p o r t a b l e  f low meter- 
i n g ,  Trans. Amer, Soc, Agric.  Engin, (Su.b- 
mi t t ed  f o r  p u b l i c a t i o n )  

MS No. 
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NR: 20760 

Publ i shed:  

Management and Use of P r e c i p i t a r i o n  and 
S o l a r  Energy f o r  Crop Product ion 

Aase, J ,  K., and Idso ,  S ,  B. A comparison of 
two formula types  £or c l a c u l a t i o n  longwave 
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