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ABSTRACT 

Jobes, J.A., Hoffman, G.J. and Wood, J.D., 1981. Leaching requirement for salinity 
control. II. Oat, tomato, and cauliflower. Agric. Water Manage., 4: 393--407. 

Leaching requirement, defined as the minimum leaching fraction that maintains full 
crop production, was determined in field plots at the U.S. Salinity Laboratory for three 
crops; oat, tomato, and cauliflower. Six replicated leaching-fraction treatments were 
pulse-irrigated daily with water having an electrical conductivity of 2.1 dS/m. All three 
crops were grown in rotation during 1977 and 1978 with a third tomato crop in 1979. 

The leaching requirement (Lr) was 0.10 for oat grain, 0.21 for tomato fruit, and 0.17 
for cauliflower heads. For oat forage, the L r was more than 0.17. These values agree close- 
ly with those predicted by a leaching-requirement model based on an exponential crop 
water-uptake pattern. Evapotranspiration during each crop's growing season coincident 
with the leaching requirement was 390,850, and 230 mm for oat, tomato, and cauli- 
flower, respectively. 

INTRODUCTION 

In a r e cen t  s t u d y  ( H o f f m a n  e t  al., 1979},  da t a  were  pub l i shed  on  c rop  
yields  and  sal ini ty  prof i les  t h a t  deve lop  w h e n  var ious  leaching f rac t ions  were  
m a i n t a i n e d  over  long per iods  o f  t i m e  wi th  f r e q u e n t  irr igations.  The  p r i m a r y  
objec t ive  o f  t h a t  s t u d y  was to  d e t e r m i n e  the  leaching r e q u i r e m e n t ,  de f ined  
as the  leaching requ i red  to  m a i n t a i n  full c r o p  p roduc t i on .  A l though  the  
resul ts  o f  t h a t  s t u d y  and  o t h e r  pub l i shed  da ta  c o n f i r m  the  p red ic t ions  o f  the  
l each ing- requ i remen t  m o d e l  p r o p o s e d  b y  H o f f m a n  and  Van  G e n u c h t e n  (in 
press)  f u r t h e r  c o n f i r m a t i o n  is r equ i r ed  be fo re  this general ized mode l ,  pre- 
sen ted  in t e r m s  o f  the  c rop-sa l t  t o l e rance  th resho ld  (Maas and  H o f f m a n ,  
1977} and  the  sal ini ty  o f  the  appl ied  wa te r ,  can  be r e c o m m e n d e d  w i t h o u t  
reserva t ion .  Thus ,  t he  e x p e r i m e n t  r e p o r t e d  b y  H o f f m a n  e t  al. {1979) was 
c o n t i n u e d  wi th  on ly  a change  in c rop  r o t a t i o n  to  p rov ide  add i t iona l  leaching- 
r e q u i r e m e n t  data .  
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E X P E R I M E N T A L P R O C E D U R E  

An annual crop rotation of oat (Avena sativa, cv. Montezuma), tomato 
( Lycopersicon esculentum, cv. UC82A}, and cauliflower (Brassica oleracea 
Vat. botrytis, cv. 'Snowball') was grown at the U.S. Salinity Laboratory in 
field plots. These crops were selected because of their importance in irrigated 
regions where salinity is a hazard and their suitability for an annual crop 
rotation. Oat, sown the first of January and harvested the last of May, was 
followed by tomato,  planted as 1-month-old seedlings, harvested the last of 
September. One-month-old cauliflower seedings were then transplanted into 
the plots and harvested the last of December. Both tomato and cauliflower 
were started from seed in a greenhouse. This rotation was followed in 1977 
and 1978, and a third crop of tomato was grown in 1979 following a barley 
crop. Oat seed, spaced on seed tape at intervals of  10 mm, was sown at a 
depth of 10 mm in rows 0.23 m apart. Tomato and cauliflower seedlings 
were placed at intervals of 0.43 m in rows 0.46 m apart. 

The experimental design was similar to that  reported by Hoffman et al. 
(1979). Only pertinent details and changes in experimental procedure are 
presented here. The design consisted of  six replicated leaching fractions (L's) 
of 0.17, 0.13, 0.09, 0.07, 0.04. and 0.02. These were selected to span the 
range anticipated to give full production in some treatments and yield 
depressions in others. 

All 12 plots received irrigation water having a total salt concentration of 
1350 g/m 3, an electrical conductivity of 2.1 dS/m, and an osmotic potential 
of -88 J/kg {-880 mb or -88 kPa). This concentration is equal to that pro- 
jected for the lower reaches of the Colorado River in the year 2000 and is 
about 1.5 times the river's present concentration. The amounts of solutes in 
the irrigation water during this study, in mol/m 3 of solution, were Ca, 4.0; 
Mg, 1.6; Na, 9.4; K, 0.1; CO3 + HCO3, 3.3; C1, 7.0; SO4, 3.7; and NO3, 3.6. 
The pH of this water is 7.6, and the sodium-adsorption ratio is 4.0 
(mol/m3) 1/,. 

Nitrogen fertilizer in the form of calcium nitrate was added continuously 
to the irrigation water at an average rate of 1.8 mol/m 3. The annual applica- 
tion rate for oat ranged from 90 to 210 kg/ha of  nitrogen as L increased 
from 0.02 to 0.17. The application rate was 110 to 190 kg/ha for tomato 
and 50 to 120 kg/ha for cauliflower. Before each cauliflower crop, phos- 
phorus in the form of superphosphate was applied to the soil surface at a 
rate of 170 kg/ha before cultivating to a depth of 15 cm. 

The irrigation system passed frequently over each plot and applied water 
through vertical tubes midway between every second row of  oat and along 
each row of tomato and cauliflower. The system applied 0.2-mm depth of 
water each irrigation pass, based on the total surface area of the plot. Thus, 
if the required irrigation depth was 5 mm for a given day, the system made 
25 passes. 

Leaching fractions (L) were controlled by maintaining the desired ratio 
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between the depth of  drainage water (Dd) and the depth of  irrigation water 
(Di) (i.e., L = Dd/D~). Drainage was assumed to be leachate collected from a 
suction lysimeter, 80 X 45 X 60 cm deep, in each plot. Irrigation and drain- 
age water  volumes were measured several times weekly,  and the amount  of  
irrigation was adjusted to maintain the desired value of  L. 

Soil matric potential  was moni tored in each plot at two locations with 
tensiometers at soil depths of  10, 40, and 60 cm. Soil salinity was measured 
at three locations with salinity sensors at soil depths of  20 and 40 cm. After 
each harvest, the soil was sampled to a depth of  1.5 m and analyzed for 
chloride concentrat ion and water content.  Three consecutive monthly 
samples of  irrigations and drainage waters were combined before analyzing 
for individual ion concentrations. 

At harvest, grain and total  shoot  dry weights were measured for oat. For 
tomato ,  mature fruits were harvested weekly until the final harvest, when all 
the remaining fruits were harvested and shoot  dry weight was measured. At 
2-week intervals during the 6-week harvest period for tomato  in 1978 and 
1979, samples of  50 fruits were selected at random from each plot  for qual- 
ity analysis. The fruits were cleaned and their specific gravity was deter- 
mined. Then the total  number  of  loculi and the number  of  hollow locul i  
were counted as each fruit was sliced before blending it for 1 min at low 
speed. The blended tomatoes  were then filtered, and the filtrate was 
analyzed for total  soluble solids by  a Brix refractometer,  for titratable acid, 
and for pH. For  cauliflower, the fresh weights of  marketable head and total 
shoot  were determined. After each harvest, the plots were cultivated to a 
depth of  about  15 cm and releveled. 

RESULTS 

Leaching fractions 

This experiment was a continuation of  a 4-year s tudy;  the same water 
quality and method  of  irrigation were used, so quasi-steady-state conditions 
had been reached before the present experiment began. However,  any signif- 
icant changes in crop water requirement or irrigation management  influenced 
drainage from the lysimeter within a few days, depending on the magnitude 
of  the change. Thus, the desired L for each crop could no t  be maintained 
precisely, and the results are therefore reported in terms of  actual L's at- 
tained during each crop. 

Table I gives the total depths of  irrigation and drainage for each crop as a 
function of  the leaching treatment.  The amounts are reported as the equiv- 
alent depth of  water  applied uniformly over the entire surface area of  a plot  
(18.23 m2). As expected,  irrigation and drainage depths were greatest for 
tomato  which was grown in summer, when evaporative demand is high. The 
lowest  values were for cauliflower, grown in autumn. 

Because chloride does no t  precipitate, is not  adsorbed by the soil, and is 
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TABLE I 

Irrigation and drainage depths measured for each crop as a function of leaching-fraction 
treatment 

Year Irrigation depth (Di) Drainage depth (Dd) 
for indicated for indicated 
leaching-fraction treatment (ram) leaching-fract!on treatment (ram) 

0.17 0.13 0.09 0.07 0.04 0.02 0.17 0.13 0.09 0.07 0.04 0.02 

Oa~ 
1977 787 550 434 408 351 280 135 73 42 33 16 8 
1978 525 494 417 333 288 278 96 60 37 22 11 5 

Mean 656 522 426 370 320 279 116 66 40 28 14 7 

Tomato 
1977 922 813 788 696 669 576 151 118 70 55 28 14 
1978 1183 978 876 809 734 642 202 132 81 61 32 11 
1979 936 844 759 644 603 540 214 142 106 84 39 13 

Mean 1014 878 808 716 669 586 189 131 86 67 33 13 

Cauliflower 
1977 326 282 238 213 200 178 74 44 25 23 14 7 
1978 276 284 186 176 204 182 60 50 24 17 7 5 

Mean 301 283 212 194 202 180 67 47 24 20 10 6 

no t  taken  up by  plant  roo t s  in significant amounts ,  it can be used as an indi- 
ca to r  o f  L. Thus,  in addi t ion  to  calculat ing L as the  rat io o f  the depths  o f  
drainage and irrigation (Dd/Di) , leaching f rac t ion was also calculated as the 
ratio of  the chlor ide concen t ra t ion  (Cl) in the irrigation and drainage waters 
(Cli/Cld). The volume-weighted  average compos i t ions  o f  the  drainage waters,  
including chlor ide concen t r a t i on  and electrical conduc t iv i ty  (a), are given in 
Table II  for  each leaching t rea tment .  The to ta l  salt concen t r a t i on  o f  the  irri- 
gat ion and drainage waters ( app rox ima ted  by  oi/Od) has also been suggested 
as an est imate  o f  L, bu t  it is o f  course subject  to  errors caused by  salt pre- 
cipi tat ion.  In Table III ,  the L calculated by  bo th  o f  these me thods  for  each 
c rop  is c o m p a r e d  with tha t  measured  by  dep th  o f  irrigation and drain water.  
With t o m a t o  and caulif lower,  overirr igation to  ensure seedling survival 
caused L 's  to  be s o m e w h a t  higher  than  the  target  values. Fu r the rmore  a rela- 
tively high leaching requ i rement  was ant ic ipated  for  caulif lower,  so the L 
t rea tments  were purpose ly  main ta ined  above the target  values. As was f o u n d  
previously ( H o f f m a n  et  al., 1979) ,  the L ' s  calculated f rom the C! rat io were 
slightly higher  than  those  based on the wa te r - -dep th  ratio.  Part  o f  this dis- 
c repancy  m a y  be caused by  chlor ide up take  by  the  crops,  bu t  the largest par t  
is no  d o u b t  due  to  calculat ing the weighted  average o f  the  chlor ide concen-  
t ra t ion  o f  drainage waters o f  compos i t e  samples. Again, as repor ted  previous- 
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ly, L's calculated from the total  salt concentration of  the irrigation and 
drainage waters were even higher than those based on chloride. After correc- 
tions for salt precipitation and nitrogen loss (Hoffman et  al., 1979} were 
made, the values of oi/o d w e r e  comparable to those for Cli/Cl d. Without 
these corrections, ratios of  total  salt content  are poor indicators of  L. 

Yields 

Crop production is given in Table IV as a function of  the L treatment.  Oat 
yield is reported as grain, tomato  as vine-ripe fruit,  and cauliflower yield as 
marketable heads. Also given is the total  shoot growth for each crop. 

TABLE IV 

Crop p roduc t ion  as a func t ion  o f  leaching-fract ion t r ea tmen t  for  oats, t omato ,  and cauli- 
f lower  

Year  Yield a for indicated 
leaching-fract ion t r ea tmen t  

To ta l  shoo t  growth for  indicated 
leaching-fract ion t r ea tmen t  

0.17 0.13 0.09 0.07 0.04 0.02 LSD b 0.17 0.13 0.09 0.07 0.04 0.02 LSD b 

Oats (g/m 2, dry weigh t )  
1977 252 268 256 194 147 131 978 908 721 617 435 388 
1978 194 233 219 196 147 88 834 608 673 569 341 315 

Mean 223 250 238 195 147 110 50 906 758 697 593 388 352 

Tomato (yield: kg/m=, freshweight;  total  shoo t  growth:  g /m =, dry weight)  
1977 10.4 8.0 7.5 7.4 5.5 3.2 989 848 798 713 633 489 
1978 7.1 7.2 5.6 5.7 4.7 2.9 898 739 711 686 582 558 
1979 7.9 5.7 4.9 4.2 3.6 2.0 666 530 537 470 443 431 

Mean 8.5 7.0 6.0 5.8 4.6 2.7 1.2 851 706 682 623 553 493 

Cauliflower (g/plant,  fresh weight)  
1977 156 146 136 112 121 84 894 838 712 636 617 443 
1978 215 222 160 164 171 93 898 904 629 550 580 356 

Mean 186 184 148 138 146 88 32 896 871 670 593 598 400 

123 

49 

127 

a Yield for  oa t  is grain; for  t o m a t o  it is vine-ripe frui t  on ly ;  and 
marketable  head. 
bLeast  significant di f ference at the 5% probabi l i ty  level. 

for  caul i f lower it is the  

Fig. 1 gives the relative crop yield as a function of measured L. The 
minimum L consistent with maximum crop production (Lr) for oat is about 
0.10, based on linear regression analysis of  data below this L. The least 
significant difference (LSD given in Table IV) indicates that  yield at an 
L of  0.07 was significantly less than that  at an L of 0.13. Thus, the L~ 
for oat is 0.10. Of the six crops tested to date, oat is the only one to 
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Fig. 1. Influence o f  leaching fraction on relative crop yield for oats, tomato,  and cauli- 
flower with an irrigation water quality of  2.1 dS/rn. The linear equations apply to the 
portion of  the curves where the relative yield is reduced below 1.0. 

show reduction for an L treatment above the L r. For oat forage, yield 
decreases linearly as L decreases, throughout the range of  L tested. The 
LSD for the total shoot growth of oat also indicates that forage at an L 
of  0.13 is significantly less than that at an L of  0.17. Thus, the L r for oat 
forage is at least 0.17. 

The yield of  tomato fruit decreases linearly as L decreases throughout the 
range of  L's tested. The yield at an L of  0.15 (0.13 treatment} was signifi- 
cantly less than that at an L of  0.19 (0.17 treatment). Thus, the Lr for 
tomato is at least 0.19. 

The Lr for cauliflower, based on linear regression analysis, is 0.17 (see 
Fig. 1). The LSD indicates a significant yield and total shoot growth reduc- 
tion between an L of  0.17 and 0.12. Thus, the L r for cauliflower is 0.17. 

Tomato fruit quality 

During tomato harvests, both the number and mass of  the fruits were 
determined. Likewise, mean fruit mass and specific gravity were measured 
on fruit samples taken for quality determinations. For the 3 years of  study 
the 0.17-L treatment yielded 8.5 kg/m 2, the number of  ripe fruits harvested 
averaged 227/m ~, and mean fruit mass was 39 g (fresh weight). The effect of  
L on yield, fruit size, and fruit number are shown for comparison in Fig. 2. 
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Fig. 2. The effect o f  leaching fraction on the yield, fruit size (volume) and the number of  
tomato fruit harvested. 

Linear regressions drawn through these data sets indicate that  reducing L 
from 0.19 to  0.02 reduces yield by  63% and the number  of  fruits harvested 
by  56%, while decreasing fruit size only by  17%. Clearly, yield reduction was 
dominated by  a decrease in the number  of  fruits harvested. 

In addition to  decreasing the yield, reduced leaching delayed the harvest. 
Product ion for the 0.02-L t reatment  was 1 week behind that  for the 0.17-L 
treatment.  

Table V summarizes the influence of  L on various fruit and juice quality 
characteristics. With reduced leaching, specific gravity increased significant- 
ly. This increase in specific gravity is caused in large part by  a decrease in the 
number  of  hollow loculi within the fruit. This variety typically has two or 
three loculi per fruit. In our experiment,  only about  10% of the fruit sam- 
pled had more than three loculi. The number  of  loculi per fruit, the amount  
of  titratable acid, and the pH of the filtered juice were not  significantly af- 
fected by  the L treatment.  Total  soluble solids, however,  increased signifi- 
cantly with decreasing L. As a result the solids-to-acid ratio increased from 
8.5 to 10.8 as the L t rea tment  decreased from 0.17 to 0.02. 

W a t e r  use 

The evapotranspiration (ET) for each L t reatment  can be calculated from 
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T A B L E  V 

In f luence  o f  l each ing- f rac t ion  t r e a m t n e t  o n  various f rui t  and  juice qua l i ty  charac ter i s t ics  
for  t o m a t o .  Data  are t he  means  o f  several 50-f ru i t  samples  t a k e n  f r o m  each  p lo t  in 1978  
and  1979  

Leaching-  Specific N u m b e r  o f  F r a c t i o n  of  frui t  To ta l  Titra- 
f r ac t ion  gravity ho l low sample  w i th :  so luble  t ab le  
t r e a t m e n t  loculi  solids acid 

per  50- f ru i t  2 loculi  > 3  loculi  (%) (%) 
sample  

pH 

0.17 0 .97 19 0 .24 0 ,11 4.1 0 .48 4.2 
0 .13 0 .97 17 0 .24 0 ,07 4.1 0 .47 4.2 
0 .09 0 .98 7 0 .23 0 .12 4.3 0 .49 4.1 
0 .07 0 .99  11 0 .25  0 ,12  4.6 0 .50  4.1 
0 .04 0 .99 12 0 .29  0 ,07 5.0 0 .50  4.2 
0 .02 1.00 7 0 .34 0 .07  5.6 0 .52 4.1 

LSD a 0.01 7 NS NS 0.3 NS NS 

a LSD, least  s igni f icant  d i f fe rence  a t  t he  5% c o n f i d e n c e  level. NS indica tes  no  s igni f icant  
d i f ference.  

(Di-Dd) in Table I. In Fig. 3 these calculated values of ET are shown as a 
function of relative crop yield. As would be anticipated from the method of 
calculating ET, relative crop yield decreased linearly after ET dropped below 
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Fig. 3. Relat ive  yield o f  oats ,  t o m a t o ,  and  caul i f lower  as a f u n c t i o n  o f  evapo t ransp i ra t ion .  
The l inear  e q u a t i o n  appl ies  to  t he  p o r t i o n  o f  the  curve where  relat ive yield is reduced 
be low 1.0. 
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a threshold level. Grain yield of  oat  was not  increased above an ET of 400 
mm, although forage yield increased linearly as ET increased up to at least 
500 mm. For cauliflower, yield did not  increase above an ET of 235 mm;  
however, the maximum ET achieved was only about 240 mm. Tomato yield 
increased linearly as ET increased to 825 mm. Larger water applications 
might have resulted in more ET and larger tomato  yields, although the yields 
for this processing variety were high. 

Pan evaporation was recorded daily at the plots and at  an official weather 
station located 8 km east. Fig. 4 shows the average daily rate of pan evapora- 
tion (E) by month  for both stations during 1977, 1978, and the tomato crop 
of 1979. It also shows the average maximum and minimum rates of  ET. The 
maximum ET was calculated as the average of the 0.17- and 0.13-L treat- 
ments and the minimum as the average of the 0.04- and 0.02-L treatments. 
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Fig. 4. Average daily rate of  pan evaporation and the maximum (average of  the 0.17- and 
0.13-leaching treatments) and minimum (average of  the 0.04- and 0.02-leaching treat- 
ments) evapotranspiration by month for 1977, 1978,  and the tomato crop in 1979. 

The average annual pan evaporation was 2000 mm for this time period. 
Pan evaporation during the oat, tomato,  and cauliflower crops averaged 670, 
1025, and 305 ram, respectively. For all three crops, the maximum annual 
ET was 1600 mm and the minimum was 1180 mm. Thus, the annual pan 
factor (ET/E) was 0.8 for the maximum and 0.6 for the minimum L treat- 
ments. The pan factors by month  for each crop for maximum and minimum 
ET treatments are given in Fig. 5. To maintain an L of 0.17, the pan factor 
exceeded 0.8 for at least 2 months  during the rapid growth stage of each 
crop; for an L of  0.02, the pan factor never exceeded 0.8. For an L of 0.17, 
the average pan factors for oat, tomato,  and cauliflower were 0.81, 0.81, and 
0.77, and for an L of  0.02, they were 0.41, 0.56, and 0.57, respectively. 

As leaching was reduced from 0.17 to 0.02, ET was reduced about 50% 
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and cauliflower required to maintain leaching fraction of 0.17 and 0.02. 

for oat, 30% for tomato,  and 25% for cauliflower. These ET reductions with 
reducing L are all larger than the 15% reduction in ET reported for the rota- 
tion of wheat, sorghum, and lettuce (Hoffman et al., 1979). 

Soil salinity 

Leaching fraction can also be calculated from the chloride concentrations 
determined from the soil samples taken after each crop harvest. Because the 
suction lysimeters intercept only a small part of the drain water from the 
plots, their L may not  be the same as the average for the plot. However, L's 
calculated from Cli/Cld, where Cld is the average chloride value from soil 
samples taken below the 75-cm soil depth, were 0.23, 0.07, and 0.03 for the 
0.17-, 0.07-, and 0.02-leaching treatments, respectively. This corresponds to 
average values of 0.19, 0.09, and 0.02 for Dd/Di and 0.24, 0.10, and 0.03 for 
Cli/Cld where Cld is a volume-weighted average of drainage samples taken 
from the suction lysimeter in each plot (see Table II). 

Average chloride concentrations from soil samples taken in the crop row 
after each crop are given in Fig. 6 along with the soil water contents at the 
time of  sampling. The data are the averages for all samples. Because soil sam- 
pling was delayed for several days after the last irrigation for each crop, soil 
water content  near the soil surface is lower than reported earlier (Hoffman et 
al., 1979), and chloride concentrations are correspondingly slightly higher. 
The patterns of water uptake calculated from soil chloride concentrations 
are very similar to those reported in the first experiment and are not  re- 
peated here. 
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DISCUSSION 

The data indicate clearly that  the Lr for oat  grain is about  0.10 for irriga- 
tion water of  this quality. For  oat  forage the Lr is more than 0.17 because no 
yield plateau was found.  Although oat yields were only about  two-thirds of 
those for variety field trials near Riverside under  nonsaline conditions (Isom 
et al., 1976), it is no t  expected that  the relationship between relative yield 
and L would be altered with higher yields. 

Several proposed Lr models can be tested with the experimentally mea- 
sured Lr's repor tedhere .  The model  of  Hoffman and Van Genuchten (in 
press) is based on an exponential  water-uptake distribution pattern, while the 
model  of  Rhoades (1974) is based on the "40--30--20--10" water-uptake 
partition by quarter  fractions of the rootzone.  Both models require the 
salinity of  the applied water and the crop salt tolerance threshold as input. 

Unfortunately,  no salt-tolerance information on oat is available. Un- 
published data, however, indicate that  oat grain is moderately tolerant and 
oat  forage is moderately sensitive. The mean crop salt tolerance thresholds 
for moderate ly  tolerant  and moderately sensitive crops have Oe'S of 4.5 and 
2.2 dS/m, respectively (Maas and Hoffman, 1977}. The electrical conduc- 
tivity of  the applied water is 2.1 dS/m. The Lr's predicted for this water 
quality and these assumed threshold values from the L r model of  Hoffman 
and Van Genuchten (in press) are 0.09 and 0.18, respectively, and from the 
L r model of  Rhoades {1974), they  are 0.11 and 0.25. These predicted Lr's are 
corroborated by the experimentally measured values of 0.10 for grain and 
more than 0.17 for forage. 

Various varieties of  processing tomatoes  have been field tested in the San 
Joaquin Valley of  California (Sims et al., 1979). Test yields in 1979 averaged 
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9.2 kg/m 2. Thus, our average yield of 8.5 kg/m 2 at an L of 0.17 is about 8% 
lower than the average under nonsaline conditions. If the linear relationship 
of yield and L (Fig. 2) is extrapolated to this average field yield an Lr of 0.21 
is projected. In corroboration of  this Lr, Shalhevet and Yaron (1973), using 
oi's of  1.6, 3.8, 6.0, and 10.2 dS/m, reported that  the yield of a processing 
variety of tomato was not  reduced significantly when the L was reduced 
from 0.55 to 0.18. Furthermore,  if the Oe for the salt tolerance threshold for 
processing tomato is taken as 2.0 dS/m (Shalhevet and Yaron, 1973), Lr's of 
0.19 and 0.28 are predicted from the L r models of Hoffman and Van 
Genuchten (in press) and Rhoades (1974), respectively. 

Shalhevet and Yaron also reported that  the percentage of total soluble 
solids in tomato fruit increased from 4.5 to 5.9% as the average soil salinity 
increased from 1.9 to 6.0 dS/m. We found nearly identical increases as the L 
decreased from 0.17 to 0.02. A discrepancy between our results and those of 
Shalhevet and Yaron, however, concerns the influence of salinity on the 
number of  fruit harvested. They found no reduction in fruit number with in- 
creased salinity, whereas we found significant reductions in fruit number as 
the L decreased. This discrepancy may be explained, however, by Shalhevet 
and Yaron's initiation of  the saline treatments 50 days after planting. It is 
possible that  fruit numbers were physiologically determined in their experi- 
ment  before the soil became saline. 

The experimentally determined L r for cauliflower is 0.17. As for oat the 
salt tolerance of cauliflower is not  known quantitatively, but cauliflower is 
rated qualitatively as moderately sensitive. Assuming that  the salt tolerance 
threshold has an Oe of  2.2 dS/m, the predicted Lr's are 0.18 for the model of  
Hoffman and Van Genuchten and 0.25 for the model of Rhoades. 

The field plot trials of Robinson et al. (1976) indicate that  cauliflower 
yield is not  significantly reduced as the irrigation-to-pan evaporation ratio 
drops from 1.05 to 0.75 with the same water quality {1350 g/m 3) in the Im- 
perial Valley of  California. Our irrigation-to-pan ratio was 0.7 for the 0.09- 
leaching treatment  (the first leaching treatment  below the Lr) and 0.9 for the 
0.13-leaching treatment  (the first leaching t reatment  above the Lr). Thus our 
results support their conclusion that  cauliflower yield is not  affected by an 
irrigation-to-pan ratio above 0.75 and their results confirm a yield plateau 
above a ratio of  0.75, and presumably higher L's. 

ACKNOWLEDGEMENT 

We gratefully acknowledge the invaluable assistance of Myron Clark for 
the analyses of the water samples. 

REFERENCES 

Hoffman, G.J. and Van Genuchten, M.Th., in press. Soil properties and efficient water 
use: efficient water management for salinity control. In: H.M. Taylor, W. Jordan 



407 

and T. Sinclair (Editors), Limitations to Efficient Water Use in Crop Production. 
Am. Soc. Agron. Monograph. 

Hoffman, G.J., Rawlins, S.L., Oster, J.D., Jobes, J.A. and Merrill, S.D., 1979. Leaching 
requirement for salinity control. I. Wheat, sorghum, and lettuce. Agric. Water Manage., 
2: 177--192. 

Isom, W.H., Weng, V.K., MueUer, A. and Wolford, M., 1976. Wheat, barley, and oats 
variety trials. Cooperative Extension Service, Progress Report, University of California, 
Riverside, CA, 35 pp. 

Mass, E.V. and Hoffman, G.J., 1977. Crop salt tolerance current assessment. J. Irrig. 
Drainage Div., ASCE, 103(IR2): 115--134. 

Rhoades, J.D., 1974, Drainage for salinity control. In: J. van Schilfgaarde (Editor), 
Drainage for Agriculture. Agronomy, 17: 433--461. 

Robinson, F.E., Luthin, J.N., Schnagl, R.J., Padgett, W., Tanji, K.K., Lehman, W.F. and 
Mayberry, K.S., 1976. Adaption to increasing salinity of the Colorado River. California 
Water Resources Center, Davis, CA. Contribution No. 160, 51 pp. 

Shalhevet, J. and Yaron, B., 1973. Effect of soil and water salinity on tomato growth. 
Plant Soil, 39 : 285--292. 

Sims, W.L., Wolfe, D., Bosland, J. and Deverel, S., 1979. Processing tomato varietal trial. 
Vegetable Crop Series 198, University of California, Davis, CA, 12 pp. 




