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ABSTRACT 

The San Joaquin Delta of California in organic-,matfer content from I0% to 
is a new area for wine-grape production. 20%, and is generally very loose and 
Climate, soils, and fruit qualify were in- Triable. The soils are irr, egular]y sfrati- 
vestigafed from 1965 through 1967. Tied with respect to such properties as 

The climate as measured by degree- pH, organic matter, salinity, texture, and 
days was found to Be essentially the same nutrient status. The soils are usually well 
as in the Lodi (California) district and drained, Because of their higher position. 
varies from year fo year la,efween Tem- SuBsoil pH's can run as low as 3.4, lout 
perafure Regions III and IV. Although no advers,e vine nutritional problems have 
only 15 to 20 miles from the Lodi district, Been observed. 
the Delta has cooler days and warmer Analysis of the expressed juice from 
nights during the growing season. There Berries sampled from I0 varieties showed 
is evidence that in hot years the D,elta the 6alling-acid ratio for some variefi,es 
climate is cooler than the Lodi climate, to be satisfactory for table wines. Var- 

The vineyards are on Rycle series soils, iefies tested that may have a potential 
which are unique in a number of ways. in the Delta are: 'Chenin Blanc,' 'Grey 
They are medium-textured alluvial soils Riesling,' 'Pefit, e Sirah,' 'Helena,' and 
that occur as narrow, meandering bodies 'White Riesling.' Vines were vigorc, us and 
standing Higher than the surrounding peat produced good yields. 
soils. The surface is highly acid, varles 

The San Joaquin Delta region is located date, the agriculture of these areas has 
at the conf uence of the Sacramento and been entirely fi,eld and vegetable crops. 
San Joaquin Rivers, in the Central Valley Amerine and Winkler conducted extensive 
of California, east of the San Francisco testing of wine-grape quaity throughout 
Bay. The Delta consists of a group of California's viticulture regions, But the 
is ands that are below sea leve, pro- Delta w, as not included in their study b,e- 
tecfed By levees from flooding. The is- cause of lack of vineyards (3, 4). In 1959, 
lands are predominantly organic soils which an experimental planting of grapes was 
wer, e formed on deposits of rue-reed made on the levees of Mandevile Is and 
peat, but mineral soils also exist on these in San Joaquin County By Zucl<erman- 
islands at slightly higher elevations. To Mandevile Inc., to d,efermine the feasibil- 
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ify of grapes for the Delta. Sulosequenty, 90, and 100°F were calculated for this 
in 1963, a 4.5~,acre wine-variety trial of period. Degree Jays were calculated by 
certified vines was planted on mineral multiplying the monfh y mean tempera-, 
soils within the island. In 1964, a small lure, I,ess 50°F by the number of Jays 
commercial planting was esfablish,ed near in the month (7). 
the wine-variety trial. Mandeville's climate Fruit Qu,~lity: Fruit qualify defermina- 
and soil and the qualify of its grapes lions were made by collecting 100-berry 
were investigated from 1965 fo 1967. samples and analyzing the expressed juice 
Climate and soil comparisons were made for degree bailing, total acids, and pH. 
befw,een the Delta district and the nearest The random berry-sampling procedure 
established grape district, af Lodi, 17 was fo fake a single berry from various 
miles northeast of Mandeville. positions within the cluster and throughout 

the vine as described by Amerine and 
MATERIALS AND Mr-THODS Roessler (2). Samping began when fh.e 

Soils" The soil type on which the variety degre,e bailing approached 16 ° and was 
trial and commercial planting were es- repeated weekly until harvest. Samples 
fablished was Ryde silty clay oam. This were taken fo the laboratory and run 
determination was based on the soil map within three hours of picking. The un- 
from USDA Soil Survey of the Sacra- washed berries w,ere crushed, so as not 
menlo-San Joaquin Delta Area, California f o break the seeds, in a large mortar 
Series 1935, No. 21. Profile samples for and pestle. The juice was then filtered 
analyses were taken af one-foot infer- and squeezed through four fhickness,es of 
vals fo a depth of five feet from 14 cheesecofh. Degree bailing was Jefermin- 
locations in three different fields and an- ed with a hand refracfomefer calibrated 
alyzed by standard methods af the Uni- for femperafur, e corrections. Total acids 
versify of California Agricultural Exfen- (expressed as grams tartaric per 100 ml) 
lion Laboratory, Davis. Analyses were run were determined by fifrafing with 0.133 
for pH, salinity and sodium status, organic NaOH fo an end point of pH 8.4 with 
matter, texture, and the nutrients NO3, a g ass-electrode pH mef, er (I). The pH 
P, and K. Similar samples were taken from of expressed juice was measured with a 
four ocafions in a typical Locli-disfricf Corning pH meter, model 7. 
vineyard and analyzed for comparison. 

Vine Nutrition: Petioles were co lecfecl RESULTS AND DISCUSSION 
from six varieties within the vari,efy trial Soil.~,: The soils of this area, primari y 
on Mandeville Island during 196B through organic, were formed on deposits of ful,e- 
1967. T'hey were taken opposite to the reed peat accumulated over a long period 
basal clusters ,at full bloom. The Univer- under waf, er-loggeJ conditions. The area 
sify of California Agricultural Extension is composed of dozens of islands and a 
Laboratory, Davis, analyzed these petioles network of surrounding rivers and sloughs. 
by standard procealures for nine of the Prior fo r,eclamafion, these islands, which 
important elements, vary in size from a few hundred to several 

Climate: Thermographs were placed in thousand acres, were af essentially sea 
standard U. S. Weather Bureau shelters level and were inundated twice a day by 
within the Wine-Grape Variety Trial on fresh wafer af high fid,es. Folowing re- 
Mandeville Island and in a Lodi-disfricf c amafion by levee building around the 
vineyard. The thermographs were ca ibraf,- turn of the century, however, t'he elevation 
ed Before installation and checked week- inside the levees began to drop as a 
ly with a mercury-in-glass thermometer, r, esulf of a number of factors, particularly 
Continuous temperature records were tak- the shrinkage of organic sediments due 
en from April I through Ocfoloer 31 dur- fo dew,afering, compaction from heavy 
ing 1965, 1966, and 1967. equipment, and biologic oxidation of these 

Degree days, mean maximum and mini- materials as a result of the improved 
mum temperatures, and 'hours above 80, aeration. Asa result, the elevation of these 
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islands today ranges fo more than 15 feet Organic-matter content of the surfaoe 
below sea/evel, representing an average soil in the Variety Trial ranged from 15 
annual subsidence rate of 2-,3 inch,es per fo 21~/o, while fhaf of the commercial 
year during the past four decades (5, 9). vineyard was somewhat lower, af 12 fo 

The soils on which the grape plantings 16°/o . This organic matter has a pro- 
were established are the remains of old found effect on the physical nature of 
sloughs and their sfr, eam banks, which once the soil, which, by d,efinifion, from organic- 
meandered across the islands. These Ryd,e matter-free mechanical analysis runs from 
soils have a higher mineral content and sandy loam fo loam. This organic matter 
exist af a slightly higher elevation than the appears fo add nutritional and wafer- 
surrounding organic soils. This higher,ele- holding properties comparable fo those 
vafion (as a result of the continuing sub- of a heavier soil while retaining the hand-, 
sidence of the more organic soils)results ling eas,e and wafer penetration of the 
in a deeper wafer fable and improved lighter soil. The soil is difficult fo puddle 
drainage. The wafer fable is generally or compact. The subsoil contains 10 fo 
S feet or deeper. 20°//o organic maff, er except where occa- 

The soils under study are relatively acid, sional lenses or substrata of fibrous peat 
the surface soils ranging from pH 4.2 fo raise the organic matter content fo over 
6.1, with most of them around pH 5..0 500/0 . C-rape roofs readily penetrate the 
fo 5.5. Table I shows fh,e analyses of subsoil, including the fibrous peat. If is 
selected profiles. The subsoils are more possible fhaf this high organic matter 
acid than the surface, typically running content is the only reason the grape roofs 
from pH 4.0 fo 4.5, with some samples can tolerate the low pH in the subsoil 
running as low as pH 3.4. The lowest pH's so well. 
(below 4.0) are associated with neifh,er Delta soils are well known for their 
the v,ery high nor the relatively low or,- rare property of combining a salinity 
ganic matter content, which varied consi- hazard with acid pH. The Ryde soils in 
derably in the profile, this experiment are no exception. The 

TABLE I 

Soil Analyses from Selected Sites in Commercial Vineyards and Wine Variety Trial, 
Mandeville Island - -  March 1965, Ryde Silty Clay Loam 

Location Mechanical 
and depth analyses 

(ff) texture pH 

ECe 
(Milli- C a + M g  Na OM 
mhos) (me/It (me/I) SAR (%) 

NO,-N 
(ppm) 

Site -#:2 0-1 Loam 5.8 
I-2 Sandy loam 4.5 
2-3 Loam 4.0 
3-4 Loam 4. I 
4-5 Loam 4.3 

Site :#:5 0-1 Sandy loam 4.2 
I-2 Sand'/ Ioar~ 3.6 
2-3 Sandy loam 3.4 
3-4 Loamy sand 3.5 
4-5 Loamy sand 5.0 

Site #7 0-I Sandy loam 6. I 
I-2 Sandy loam 5.7 
2-3 Loam 4.3 
3-4 Loam 4.2 
4-5 Loam 4.2 

0.61 4.4 2 I 13.0 32.0 
0.90 6.0 3 2 14.3 52.0 
0.77 4.4 3 2 II .2 44.0 
0.79 4.6 3 2 10.6 38.0 
0.87 5.6 3 2 10.9 36.0 

1.78 14.8 3 I 15.7 94.0 
1.40 9.4 S 2 19.0 80.0 
2.10 16.0 12 4 16.8 78.0 
4.40 56.0 15 3 28.4 23.0 
3.20 42.0 7 2 38.4 4.6 

0.72 5.0 2 I 20.6 17.0 
0.81 5.0 3 2 20.2 20.0 
0.93 5.6 4 2 I 1.6 21.0 
0.96 5.8 4 2 8.0 12.0 
1.04 7.4 3 2 10.0 4.2 
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salinity hazard is reduced, however, by wine-growing district. This Hanford loam 
their somewhat elevated position and Iow,er is less acid, has lower salinity, and is far 
wafer fable. Most of the sampling sites lower in organic matter and NO3-'N con- 
produced samples with an ECe ranging fenf than the Ryde series of the Delta. 
from a little below I to 2 millimhos. (EC~ In addition, the Hanford soil is more uni- 
is the specific conductivity in millimhos/cm form with depth. Analys,es of three other 
of the soil saturation extract ,and is a Hanford profiles in the same vicinity vat,- 
measure of soil salinity.) One surface sam- led little from the data shown here, as 
pie and a few subsoil samples were in the distinguished from the high variability ap- 
range of 3 fo 4 millimhos, where some parenfly characteristic of the Ryde soils. 
loss of yield might be expected. There Although there are 47,000 acr, es of soil 
appears fo be no serious salinity problem, in the Delta mapped as Ryde, including 

Ca, Mg, and Na w,ere determined fo 11,500,acres of Ryde silty clay loam (the 
,assess alkalinity hazard. No sample pro- mapped type of soil under present study), 
duced a sodium absorption ratio (SAR) only 5 or 10~/o of this appears in the San 
of more than 4, and most were less. Joaquin River part of fh,e Delta, as old 
(SAR is a ratio for soil extracts and irri- meandering sloughs similar fo the pres- 
gafion wafers used fo express the r, ela- ,enf study site. The remainder exists as 
five activity of sodium ions in exchange large bodies in the Sacrarnenfo River pot- 
reactions with soil. Sodium hazard re- lion of the Delta, associaf, ed with the 
quires an SAR of about 13 or more.) Columbia soils. The wide variations of 
Thus, there was no sodium hazard in the the Delta soils will require careful exam- 
soils tested, inafion and possibly grape fesf plots fo 

As might be expected for a soil with determine the extent and location of soils 
so great a variability in organic matter, suifabl,e for vineyard production. The po- 
NO3-N also showed a great variability, fenfial of the bulk of the organic soils 
both within the profile and from one in the Delta for grape production would 
sampling site fo another. Except for one appear doubtful because of high wafer 
sample, NO3-N in March ran from about fables, often fluctuating, and a confinu- 
S ppm fo nearly 100 ppm. These values ing subsidence which would, in 10 fo 20 
can be ,expected fo change throughout years, expose a considerable portion of 
the season, however, perhaps drastically, the roof system. 
because oF the large nitrogen reserve Vine Nutrition: Tissue analyses indicated 
in the organic matter, no vin,e nutritional problems for the three 

Table 2 shows fh,e analysis of a typical years fesf, ed. The 1967 analyses are shown 
Lodi vineyard soil in an old established in fable 3. Also, foliar observations re- 

TABLE 2 

Soil Analyses from Selected Site in a Lodi District Vineyard April 1968 

Hanford Loam 

Location 
and depth 

(f÷) Texfure pH 

ECe 
(Milli- C a + M g  Na OM NO,-N 
mhos) l ine/i) ime/I) SAR (%) (ppm) 

Site #I 
0-I 
I-2 
2-3 
3-4 
4-5 

Loam 6.2 
Loam 6.4 
Loam 6.6 
Loam 6.7 
Loam 7.0 

0.25 1.5 1.0 I 1.7 3.6 
0.30 1.7 1.3 I 0.8 4.2 
0.37 2.0 1.7 2 0.5 4.2 
0.3 I 1.5 1.6 2 0.3 2. I 
0.30 0.9 2.1 5 0.6 2.3 
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TABLE 3 

Tissue Analyses of Bloom-Time Petioles Collected from Variety T r i a l -  Mandeville Island 1967 

Variety 
NO,-N P K Ca Mcj Na Cl B Zn 
(ppm) (%) (%) (%) (%) (%) (%) (ppm) (ppm) 

'Grey Riesling' 
'Chenin blanc' 
'Petite Sirah' 
'Zinfandel' 
'Royalty' 
'Rubired' 

4240 .48 2.70 2.64 .65 .03 .45 48 74 
9360 .22 2.00 2.44 .93 .03 .40 42 77 
4420 .18 2.25 3.72 .65 .03 .45 50 33 
5720 .36 3.95 2.62 .59 .04 .43 52 60 
4940 .69 3.75 1.78 .52 .04 .29 68 108 
2600 .31 2.30 1.81 .54 .04 .25 80 65 

vealed no nutritional symptoms of excess optimum. Shaulis efa/. (8)improved yields 
or deficiency, and qualify of high-vigor Concord vines 

No fertilizers or lime were applied to by changing from the conventional Um- 
these vin,es, and no nitrogen had been brella-Kniffen training method fo the 
applied to the asparagus which preceded Geneva Double-Curtain system. 
the grapes. Even so, the NO3-'N content Climate: Tabl,e 5 shows heat summation 
of the pefioes showed a substantial in- during the growing season, expressed as 
crease each year as the vines became degr, ee-,clays, for Mandeville Island and 
oder, as shown in fable 4. The increases Locli. In 1965, a relatively cool year, there 
in NO3.-N content may be explained by was no difference between Mandeville 
the exploration of sfrafas of decomposing Island and Lodi, with both having 3432 
organic matter by the more extensive degree-days. In 1966, Manctevile had 3543 
roof systems of maturing vines. Cook and d,egree-days, 225 less than Lodi. Temper- 
Kishaba (6) found that yields were re- afures recorded in 1967 followed an afy- 
duced when nitrogen fertilizers were ap- pical pattern, with April being the coo esf 
plied to vineyards already high in nitrate, on record and July and August among 
At present, these vines are high in vigor, the hottest on record. The fo:-al degree- 
and the NO3-N levels should be watched days in 1967 were 3482 for Mandeville 
carefully. These vigorous head-trained vines Island, 158 less than for Lodi. 
may r, equire management changes in train- Although the climaf, es of Mandeville 
ing and trellising methods to utilize this Island and Lodi appear to be simiar in 
vigor so that yields and fruit qualify are terms of degr,ee-days, M andevi e con- 

sistently had lower maximum temperature 
and higher minimums, as shown in fable 
6. This is probably explained by the cooling 
matin,e-weather influence during the day- 

TABLE 4 time and the moderating influence of sur- 
Nitrate Nitrogen Content (ppm) of Bloom-Time rounding bodies of wafer at night. During 

Petioles from Mandeville Island Variety Trial the warmer  months of  June, July, and 
• " August, the daily maximums ,average 3 to 

5 degrees cooler af Mandevill,e than Lodi. Nitrate nitrogen (ppm) 
Conversely, except for October, Mande-, 

Variety 1965 1966 

'Grey Riesling' 624 2756 
'Chenin blanc' 800 7332 
'Petite Sirah' 676 1248 
'Zinfandel' 1352 1768 
'Royalty' 2288 4732 
'Rubired' 884 1716 

1967 ville's dai ly  average minimums run I fo 
3 degrees warmer than Lodi's. 

494o The duration of high dayfim,e tempera- 
9360 
4420 lures is less at Mandeville than Lodi, as 
572o shown in fabl,e 7. Determination of the 
494o hours above 80, 90, and 100°F is a fur- 
26o0 fher refinement fo indicate the true dif- 
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TABLE 5 

Degree-Days Comparisons by Month, 1965, 1966, & 1967 

1965 1966 1967 

Mandeville Lodi Mandeville Lodi Mandeville Lodl 

April 
May 
June 
July 
August 
September 
October 

Total 

270.0 258.5 335.5 375.5 
442.5 412.5 450.0 493.5 
460.0 481.5 565.5 589.0 
667.5 693.0 577.5 617.0 
691.5 711.5 705.0 747.0 
447.5 453.0 573.0 591.5 
453.0 421.5 336.5 354.0 

k ~  

3432.0 3431.5 3543.0 3767.5 

- - I  1.0 0.0 
425.5 447.0 
497.0 545.5 
748.0 781.5 
781.5 810.5 
636.0 669.0 
404.5 386.0 

3481.5 3639.5 

TABLE 6 

Comparisons of Monthly Mean Daily Maximum and Minimum Temperatures (°F) 

Diff. 
Mandeville Lodi of Mandeville Lodi 

av. max. av. max. max. av. min. av. rain. 

Diff. 
of 

rain° 

1965 

Apri l  68.8 69.6 --0.8 49.2 47.7 .1.1.1.5 
May 79.1 80.8 - - I . 7  49.4 45.8 +3.6 
June 78.6 82.7 - -4 .  I 52. I 49,4 +2.7 
July 87.2 91.4 --4.2 55.8 53,3 .1.2.5 
August 87.4 90.3 --2.9 57.2 55.6 + 1 . 6  
September 80.2 83. I - -2.9 49.7 47. I +2.6 
Ocfo be r 80.9 82.6 --1.7 48.3 44.5 .1. 3.8 

1966 

April 75.7 79.3 - -3.6 46.7 45.7 +1.0 
May 78.0 83.2 5.2 49.5 48,6 +0.9 
J u ne 83.6 87.4 --3.8 54. I 51.9 -t- 2.2 
July 85.0 88.3 --3.3 52.2 51.5 +0.7 
August 89.3 93.6 --4.3 56.2 54.5 +1.7 
September 84.4 87.9 --3.5 53.8 51.5 .1.2.3 
October 74.9 79.7 ---4.8 46.8 43. I + 3.7 

1967 

April  57.8 58.5 --0.7 41.7 41.5 +0.2 
May 77.4 81.0 --3.6 50.0 47.9 ,1,2. I 
June 79.4 84.8 - -5.4 53.8 51.6 .1.2.2 
July 90.3 94.5 ~ . 2  58.0 55.9 .1.2. I 
Aug usf 90.8 95.4 - -4.6 59.6 56.9 + 2.7 
September 85. I 89.4 --4.3 57.3 55.2 -t- 2. I 
October 77.5 81.4 --3.9 48.6 43.5 + 5. I 



f e r e n o e  1oefween IVlanc~evil le and  Locti cli- 
mates. In 1965, w h e n  c~egree -days  w e r e  

equal for those two locations, Mandeville 
had 3.09 fewer hours above 80°F and 
160 fewer hours above 90°F. Th,e trend 
was simiar in 1966 and 1967. 

Also in 196B, during the critical months 
of fruit maturation - - J u l y ,  August, and 
September Mandeville had 5.8, 5.9, 
and 2.2 average hours per day of tem- 
peratures above 80°F, respectively, wh,ere- 
as Lodi had 8.0, 7.6, and 3.9. Although 
both locations fluctuate from year fo year 
befw, een Temperature Regions III and IV, 
the climate appears dissimilar. No compar- 
isons were made of the organic acids and 
other maturity standards fhaf affect wine 
qualify, but if could be anticipated that 
the area with lower maximum tempera- 
tures and shorter duration of heat would 
have a better sugar-acid ratio for fable 
wine production. These climate variations 
may be an important factor in the selec- 
tion of varieties for the Delta area. 

Wind" Although no comparative wind 
records were kept, wind effect on the 
vines was greater af Mandeville than at 
Lodi. Actual vine damage was minimal, 
but fruit fended to be exposed on the 
northwest corner of the head-,trained vines. 
Other training methods might minimize 
~,his probl,em. 

Fruit Maturity: Table 8 gives analyses 
of the expressed juice from berries sam- 
p ed from 10 vari.efies on Mandevile Is- 
land. The data are from the last sam- 
ple fak,en prior to harvest. A few sam- 
p es did not reach maximum maturity 
because of an early harvest conducted by 
the grower. 

The degree-bailing shown for 1967 was 
lower than for pr, evious years, because 
the experimental samp ing was terminated 
prematurely by commercial harvest of the 
vines. The vines in this trial were pruned 
fo produce propagation wood, and no 
effort was made fo balance crop for 
qualify. 

Most of the varieties under fesf had 
a bailing-acid ratio which is satisfactory 
for fable win,e production. Limited test- 
ing indicated fhaf some of the varieties 
that may have a potential in the Delta 
are" 'Grey Riesling,' 'White Riesing,' 
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'Helena,' 'Chenin blanc,' and 'Petite 
Sirah.' The present plantings of these 
varieties are vigorous and productive. Fur- 
fher inves,~igafions of wine qualify from 
Mand,eville Island are being conducted by 
the Department of Viticulture and Enology, 
University of California, Davis. Completion 
of this study should further clarity which 
varieties are most suitable. 

The results of our investigation indicate 
that the Delta is an interesting and unique 
new grape-growing district. The soils are 
quite variable and very different from 
the usual California vineyard soils, par- 
ticularly in their high organic-,maffer con- 
tent, their low pH, and fh,eir high nitro- 
gen-supplying capacity. The climate, which 
has a marine influence, is characterized 
by shorter duration of high daytime tem- 
peratures, lower maximums, and higher 
minimums than at fh,e nearby Lodi dis- 
trict. The vines are vigorous and produc- 
tive, and the fruit of most varieties tested 
had a bailing-acid ratio suitable for fable 
wine production. 
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