
Improved Asparagus Harvester 
second experimental set-level, nonselective machine used to 
harvest test plots in commercial fields during 1957 season 

Robert A. Kepner 

Relative yields of green asparagus ob- 
tained by mechanical harvesting and by 
hand cutting, the operational character- 
istics of the machine in commercial 
plantings, and plant growth characteris- 
tics that influence the results of set-level 
harvesting, were studied in field test plots 
on two types of soil during the 1957 can- 
nery season. 

The original experimental harvester- 
tested at Davis in 1952 and 1954-cov- 
ered a bed width of only 15” and hence 
was not suitable for yield studies in con- 
ventional bed plantings. To permit recov- 
ery of spears from a band 30”-36“ wide, 
as required for the older bed plantings, 
a new machine was built and-after pre- 
liminary trials late in the 1956 season- 
was field tested in 1957. 

The new harvester utilizes the same 
basic principles as the original model, 
but the number of gripper units in the 
pickup assembly was increased to give a 
35” effective width. Facilities for de- 
positing the spears in boxes were also 
added. Sheet-metal dividers-about 2” 
above the flat-top bed-guide the stand- 
ing spears into the rotating gripper units. 
A bandsaw type of blade, passing around 
four large pulleys, cuts the spears at or 
just below the ground surface immedi- 
ately after they have been gripped. The 
cut spears are lifted by the grippers and 
dropped onto a cross-conveyor belt at the 
rear, which transfers them to an elevating 
conveyor discharged into a field box. 

Cutting blade, conveyor, and roller of the 
second model asparagus harvester. 

To carry the harvester and provide 
power, a small tractor was modified by 
moving the engine to the right, adding 
an extension in the rear-axle housing, 
and making various other changes. The 
total weight of the machine is 3,400 
pounds and the wheel tread is 60”. As 
on the first machine, most of the weight 
of the lifted portion at the rear is bal- 
anced by heavy springs. There is just 
enough weight on the depth-gage roller 
to keep the roller firmly on the bed. 

Two test plots were selected-one on 
a peat soil on Jones Tract about 11 miles 
west of Stockton and the other on a clay 
loam on Union Island about seven miles 
south of the peat soil plot. Both plots 
were in commercial plantings of Mary 
Washington variety asparagus. The beds 
in the peat soil plot were 13 years old 
with an 8’ row spacing. In the clay loam 

plot the 11-year-old beds had a 75$‘ row 
spacing. 

Each test plot was 18 rows wide and 
400’ long. Four rows distributed across 
the plot were hand-cut by University per- 
sonnel at the normal cannery-cutting 
stage of 4y~” green. Two other rows 
were hand-cut at 6” green to determine 
the effect of spear height upon yield. 
The remaining 12 rows were machine 
harvested at three different stages of 
growth to determine the optimum sched- 
ule for maximum yields. The machine 
rows were cut at a soil depth of %‘‘-I,&‘‘ 
when 2%-6‘7& of all spears over 3112’’ 
in length were taller than 12” for Sched- 
ule A, 10” for Schedule C, and 8” for 
Schedule B. 

The period of the tests coresponded 
approximately to the canning and freez- 
ing season, which started somewhat later 
than usual. The tests were initiated on 
April 22, when all beds in both test plots 
were disked. After disking, a special 
crowder-type of bed shaper was used on 
all machine rows to form the required 
flat-top beds, about 6” high and 32“ wide 
on top. 

From 8-10 machine cuttings were 
made between April 29 and June 9 on 
each of the various spear-length sched- 
ules. The special shaper was run over the 
machine beds once during this period. 
On several occasions a home-made wood- 
float harrow with spikes projecting 
downward about was pulled along 

Left-Front view of harvester showing how spears are guided into pickup units by sheet-metal dividers. Right-Tractor 
adapted to carry harvester. Note the flat-top bed. 
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on top of the beds, immediately after cut- 
ting, to break crusts formed after rains. 
The hand-cut beds were disked a second 
time on May 25, in conformance with the 
normal practice of disking at intervals 
of 25-30 days to control weeds and re- 
shape the beds. 

The harvester recovered an average of 
94% of all spears longer than 31/2". Ap- 
proximately one third of the missed 
spears were in the 31/2"4" length range. 
Tops of spears shorter than 3?4"-3?4'' 
are below the normal gripping level and 
are not recovered. The percentage of all 
culls other than seedy or open heads was 
a little greater for machine harvesting 

Cull Percentages for UC Hand Curttng, 4%''- 
Green Asparogus and far Mochine Cutting, 

Schedule A 

peat- cloylooan ~ - lest plot 
Machine cutting Nos. . . . 2-5 2-5 8,9 
Total days ............ 24 23 9 
Average mean temp., 'F. 62.4 62.7 71.7 
Machine culls, % of total 

trimmed weight 
Seedy ar open heads.. 9.9 14.8 41.9 
All other culls. .. .. .. . 13.7 10.8 12.5 

Total culls . . . . . . . . . 23.6 25.6 54.4 
Hand-cut culls, % of total 

trimmed weight 
Seedy or open heads.. 3.3 6.2 32.3 
Al l  other culls . . . . . . . 9.1 6.6 9.2 

Total culls . . . . . . . . . 12.4 12.8 41.5 

No culls were discarded in the field durlng 
cutting. 

than for UC-University personnel- 
hand cutting. Spear side damage caused 
by the machine amounted to 2%-3% of 
the total trimmed weight. Broken tips in 
machine harvesting represented another 
2%-3r/r, as compared with only 1% for 
the UC hand cutting. 

Mechanical performance of the har- 
vester was satisfactory during the rela- 
tively short total operating time involved 
in the tests. There were no breakdowns 
and no serious problems in either type 
of soil. Most of the tests were at a for- 

ward speed of 23$ miles per hour, but 
comparative runs at 3% miles per hour 
demonstrated that there is no increase 
in percentage of missed or damaged 
spears at the higher speed. There were 
no apparent disadvantages or problems 
in operating at 3?4 miles per hour. 

The bandsaw blades-specially filed 
with four teeth per inch-were operated 
at a linear speed of 1,500' per minute. 
To determine wear rates for each soil 
type, one blade was used only in the peat 
soil and a second blade was used only 
in the clay loam. The results indicate that 
a blade will need replacement after 6-7 
hours of operation in abrasive soiis or 
30-40 hours in peat soils. 

During the first part of the season, 
cutting was at a depth of ~ " - ~ f r * .  Later, 
as the beds became more firm, the blade 
tended to bow up over the top of the bed 
with very little penetration. This lack of 
penetration did not appear to create any 
problems, and perhaps tended to reduce 
the rate of blade wear. At no time dur- 
ing the season was there evidence of re- 
growth from the cut stumps in the beds. 

The harvester proved to be an effective 
means of controlling weeds on top of 
the beds. Thus, the need for reworking 
beds several times during the season- 
a current practice with hand cutting- 
would be eliminated. 

Growth Characteristics 
The distribution of spears, by lengths, 

for the three machine schedules is indi- 
cated in the table at the right. The pre- 
ponderance of spears in the shorter 
lengths-undesirable for set-level har- 
vesting-is a result of the increased rate 
of growth of a spear as it becomes taller. 
For example, during a 5-day period of 
warm weather-8S0-101 "F maximum 
temperatures and 74°F average mean 

Comparative yields for machine-cutting Schedules A and C 
in sandy loam and in peat soils. 

61' 66. 66. c Avg. temp ..F 
Ymld comparisons for 110 
mochine Euttmg scheduler 
R A Y  1023-57 

temperature - average amounts of 
growth of 12 spears during successive 
24-hour periods were 1.0", 1.6", 2.8", 
4.7", and 6.1", giving a total 5-day 
height of 16.2". During a relatively cool 
period when the average mean tempera- 
ture was only 60°F, growth rates in- 
creased much more slowly, ranging from 
0.8" during the first 24 hours to 1.9" 
during the fifth 24 hours. In general, the 
rate of growth per hour during the day- 
time was 2-3 times as great as during 
the night. Thus, 55'/,-65% of the total 
24-hour growth occurred between 8 a.m. 
and 5 p.m. 

Length Distribution for Spears Over %" Diam- 
eter Produced on Machine-Harvosted Beds 

Peat Clay loom - lest plot 
Cutting schedule A A C II 

Total No. spears*. . .3,900 8,500 6,900 3,500 
Per cent of total number of spoors 

0"-334" length.'. 47.7 42.9 52.5 59.9 
3%*'-6'* lenflh.. . 25.7 25.8 28.1 31.1 
6"-8" length.. . . . 13.4 15.0 12.5 7.6 
8"-11' length.. .. 7.5 9.4 5.0 1.4 
lO"-l2" length.. . 3.5 4.7 1.6 0.0 
Over 12" length.. 2.2 2.2 0.3 0.0 

Obtalned by countin all emerged spears 
over $g' diameter gust pzor to each cutting. 

* *  Determined by subtraction. Other length 
groups counted after harvestin Missed spears 
as well as those recovered are fkluded. 

Results include only curtlngs made on-time. 
Total emergence counts wee. not made for any 
of the first four cuttings. 

Cutting NOS ....... 5-8 5-9 7-10 6,8,10 

Time intervals between machine cut- 
tings were considerably greater in cool 
weather than in warm weather. For a 
given mean air temperature, rain tends 
to retard the growth rate and increase 
the time interval, perhaps because of re- 
duced soil temperatures. In general, there 
was about one half day difference be- 
tween schedules A and C and between 
C and B. Time intervals for Schedule A 
ranged from about 41h-6 days. 

Continued on next page 

lime intervals between machine cuttings, in relation to 
averaae air temperature. 

Inrope man air Iemperaturo during interval between cultings, *F 
Effect of o n m g .  temwratun 
upon fime i n k r w l  kM*, N t f i q e  
RAK Io-zsst 
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ASPARAGUS 
Continued from preceding page 

Another growth characteristic that ad- 
versely affects yields from set-level har- 
vesting is the decrease in trimmed-spear 
weight as the spears become taller. There 
was a marked decrease in trimmed-spear 
weight between heights of 41/2" and 6"- 
7", although not much further decrease 
at greater heights. The 4,/2" trimmed 
weights of 6"-green hand-cut spears were 
about the same as for 5""'' machine-cut 
spears. Spear weights were about the 
same in both fields. An additional unde- 
sirable factor is the tendency for the taller 
spears to become seedy or open, espe- 
cially in warm weather. 

Daily counts of the total number of 
emerged spears on several of the machine 
rows indicated that in these plantings 
there was no apparent tendency for the 
plants to cycle. After an initial delay 
of perhaps one half to three fourths day, 
approximately the same number of new 
spears appeared each day until the next 
cutting, provided there was no great 
variation in the daily mean temperatures 
and no rain. For set-level harvesting it 
would be highly desirable to have each 
plant produce most of its new shoots 
within a day or two after each cutting. 

Yields 
Actual spear lengths in the three most 

common can sizes for top-grade canned 
asparagus spears range from 3%"4?4". 
A California Marketing Order proposed 
for 1951-52 specified 4%" as the mini- 
mum delivered length for the top grade, 
identified as Number 1 4 y ~ "  green as- 
paragus for canning. A tolerance grade 
of Number 1-31/~" green asparagus for 
canning was also proposed, with the 
weight of this grade not to exceed 15% 
of the total weight of the mixed lot. In 
the 1957 tests, all hand-cut spears and 
all machine-cut spears longer than 4%" 
-and over ysf' in diameter-were 
trimmed to a final length of 4y~". Ma- 
chine-cut spears in the as-harvested 
length range of 3yz"4yz" were trimmed 
to 3Yi''. As an intermediate step, all 

Effect of Spwr Height Upon Weight Per 
Spwr After Trimming 

Avo. weight, 
Trimmod sm per spear' 
ion th 
incRe; tz,t E ~ G  

Hond-cut. 4%"-green.. .41/1 11.8 11.8 
Hond-cut,6"-green.. ... .4% 10.2 10.2 
Machine-cut, khod. A 

plot plot 

*3%"-4%" ......... .3f/z 8.4 7.8 
4 %"-S" ............ 4% 10.9 10.9 
5"-6" .............. 4r/, 10.1 10.4 6"d" 
8"-lz" ............ .4vz 9.1 9.0 
All over 3%". .... .3I/z,4% 9.3 9.3 

4vz 9.0 9.4 .............. 

Weights are overages for entire swson and 
Include culls 0 s  well as good spoors 

spears longer than 7" were trimmed to 
7" and weighed. This weight, plus the 
weight of untrimmed shorter spears in 
the case of machine harvesting, repre- 
sents the present basis for payment to 
the grower. 

The percentage of culls from the UC 
hand cutting was lower than for machine 
Schedule A by an average of about 12%- 
13% of the yield. However, there is little 
doubt that with commercial cutters and 
the added handling involved in hauling 
from the field, tip damage would be con- 
siderably greater than the 1% figure for 
UC hand cutting, thus reducing the total 
cull difference between machine and 
hand harvesting. 

With machine-harvested asparagus the 
portions removed in the final trimming 
have some value-as green center cuts or 
soup cuts-which tends to compensate 

for any slightly greater percentage of 
culls. Furthermore, grading is rather ar- 
bitrary, particularly in regard to seedy 
or open heads. For these reasons, com- 
parative yields are based upon the total 
of the 3$$" and the 4%" trimmed 
weights, including culls. 

During the 7-week period of these tests 
the 4'/2"-green UC hand-cut rows on the 
peat soil plot produced 800 pounds of 
4 1 ,  spears per acre and the clay loam 
plot had a yield of 1,150 pounds per 
acre. On the 7" basis these yield figures 
would be just twice as great. 

Analysis of the daily hand-cut yields 
indicates that for the eight days follow- 
ing the second disking, the total produc- 
tion was equal to about three days' 
production at the average rate obtained 
during the preceding two weeks and the 

Continued on page 13 

Daily production from 4%*'-green hand-cut rows in test plots. Temperatures 
and rainfall data are shown at the top. 
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fact that vigorous plants usually silk 
early-when ample pollen is available- 
while weak plants silk late. Full stands 
of vigorous, uniform plants, silking over 
a relatively short period, are necessary 
to minimize blanking. 

Varieties can show genetic differences 
in susceptibility to blanking. In three rep- 
licated variety trials in Coachella Val- 
ley and near Riverside, T Strain and T-51 
showed an average of only 3% blanking, 
while Creamcross-poorly adapted to 
these areas-had 32% severe blanking. 
The difference was highly significant. 
None of these plots was subjected to 
serious wind. The blanking in Cream- 
cross was principally near the tips, and 
reflects the frequent inability of this va- 
riety to develop ear tips on which kernels 
can develop. 

Two replicated trials were planted in 
Januarv and February, 1957, in Coa- 
chella Valley to test the effect of seed 
size on plant vigor and blanking. Ran- 
dom samples of seed from bulk lots of 
Golden Cross Bantam T Strain were sep- 
arated into three size groups, averaging 
219 mg-milligrams-177 mg, and 144 
mg per seed. No significant differences 
were obtained in per cent germination, 
tillers per plant, or per cent of ears with 
blanking. However, weather conditions 
in these trials were favorable for rapid 
germination and growth. Under unfavor- 
able conditions, it is possible that small 
seed might produce weaker plants, with 
more tendency toward blanking. 

lames W. Cameron is Associate Geneticist in 
Horticulture, University of California, River- 
side. 

Donald A. Cole, lr.,  is Principal Laboratory 

Technician in Horticulture, University of Cali- 
fornia, Riverside. 

When these studies were made, R. Kasmire 
was Farm Advisor, Riverside County, University 
of California; and C. D. McCarty was Principal 
Laboratory Technician in Horticulture, Univer- 
sity of California, Riverside, and both men as- 
sisted in certain parts of  the work. 

The above progress report is based on Re- 
search Project No .  1380 

SHRIVEL 
Continued from page 11 

Under more optimum growing condi- 
tions shrivel could be expected to be 
much less severe than in this particular 
trial. Under adverse or suboptimal con- 
ditions, on the other hand, spacing could 
be a much more critical factor. 

The timing of nitrogen sidedressing 
applications to the crop apparently af- 
fects the tendency toward shrivel. In the 
spring of 1957, six treatments were set 

Fertilizer test Plots in Coachella Valley 
(Nitrogen applied by sidedressing) 

N’ Eors 
Ibs. total No. show- 5hriv- 

at at N**  ears shrk- index 
12#’ 3’ el 96 

Ibs. mkt. in el 

103 103 278 104 4.2 0.136 
60 68 208 105 4.0 0.122 
34 34 140 102 5.2 0.164 
60 0 140 100 14.5 0.459 
0 68 140 91 4.0 0.094 
0 0 72 46 32.4 1.096 

difference (0.05) . . ... 19 0.160 

difference (0.01) . . . .. 26 0.232 

*Nitrogen applied as ammonium sulfate. 
**Includes 72 Ibs. nitrogen applied prior to 

Least significant 

Least significant 

sidedressing applleotion. 

out-with in-the-row plant spacing at 
12”-in the Coachella Valley. Three of 
the plots received various total amounts 
of nitrogen, in two equal sidedressing 
applications: 1, when the corn was 12” 
high, and 2, when the tassels began to 
appear and the corn was about 3‘ high. 
One plot was treated only at the 12” 
stage, and another only at the 3’ stage, 
using the same rate of nitrogen. One plot 
was held as a control without application 
of nitrogen. A high incidence of shrivel 
in the upper ears occurred in the control 
plot and the plot which did not receive 
the late application of nitrogen at the 
early tassel stage. In comparing the three 
plots that received the same total amount 
of nitrogen, it is evident that it is the 
time of the application which is impor- 
tant rather than the total amount applied. 
The control plot-which received no 
nitrogen at either growth stage-exhib- 
ited severe chlorotic symptoms in the 
latter part of the growing season. The 
severe stress placed on these plants is also 
indicated by yields about 50% lower 
than the other treatments. 

Results of these tests indicate that 
shrivelling in sweet corn can be greatly 
reduced by cultural practices such as 
choosing a satisfactory variety, an ade- 
quate fertilizer program, adjustment of 
plant spacing, and possibly irrigation 
practices. 

C. A.  Shadbolt is Assistant Olericulturist, 

A .  Van Maren is Farm Advisor, Riverside 

V .  H. Schweers is Farm Advisor, Tulare 

The above progress report is based on Re- 

University of California, Riverside. 

County, University of California. 

County, University of California. 

search Project No. 1175-E. 

ASPARAGUS 
Continued from page 6 

following week. Thus, the second disking 
caused a loss equivalent to five days of 
normal production. The loss following 
the first-and more severe-disking ap‘ 
peared to be a little greater in terms of 
days lost. If hand-cut beds are.disked on 
an average of once every 25 days, the 
over-all yield would be about 80% of 
the yield during the periods not affected 
by the diskings. 

Hand cutting at the 6”-green stage, 
rather than at the usual 4%”-green stage 
for canning, did not affect the total num- 
ber of spears but reduced both the weight 
per spear and the total yield by about 
15%. In addition, a larger percentage of 
the spears were culls because of seedy 
or open heads, especially during warm 
weather. 

Machine cutting Schedule A-with the 
longest time intervals between cuttings- 
was a little better than Schedule C and 

C A L I F O R N I A  A G R I C U L T U R E ,  

much better than Schedule B in regard to 
yields. Cutting less frequently decreases 
the percentage of spears shorter than 
31/2“ but the percentage of spears with 
seedy or open heads increases. Although 
Schedule A produced a considerably 
greater weight of seedy or open heads 
than did Schedule C, it also had about 
10% more weight of 41/2’* good spears 
and about the same total weight of 3%” 
plus 41/2“ good spears. 

Harrowing the tops of the machine-cut 
beds to break the crust had no apparent 
effect upon yields. Reshaping the beds 
with the special shaper may result in the 
loss of a day’s yield, or perhaps less, 
depending upon the depth to which the 
beds are disturbed. 

Yields for UC hand cutting and for 
machine Schedule A were compared for 
periods during which the hand-cut yields 
were not affected by disking. Machine- 
harvested yields did not include spears 
missed by the machine. For the clay loam 
plot, the total harvested yield in cuttings 

D E C E M B E R ,  1 9 5 7  

2-5, 8, and 9-periods with no hand-cut 
disking losses-was 41% of the corre- 
sponding hand-cut yield. On the peat soil 
plot, the machine-harvested yield for cut- 
tings 2-5 was 38% of the hand-cut yield. 
Considering that the over-all hand-cut 
yield was about 80% of the average yield 
for periods not affected by disking, the 
machine-harvested yield of recovered 
spears becomes 50% of the over-all aver- 
age yield for the 41/”-green UC hand-cut 
rows. 

During the early part of the season, 
hand-cut yields obtained by the Univer- 
sity personnel on the plot rows were com- 
pared with those obtained by two 
commercial cutters from the growers’ 
crews on six adjacent rows. After only 
10 days of cutting experience, the Uni- 
versity cutters were getting about 10% 
more yield than the commercial cutters, 
even though the latter were considered 
to be better than average. Probably the 
adjustment applied to UC hand-cut yields 

Continued on next page 
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ASPARAGUS 
Continued from preceding page 

should be greater, but on the 10% basis 
the machine-harvested yield would be 
55% of the yield from commercial hand 
cutting. 

During periods not affected by disking, 
the hand-cut rows and the machine-cut 
rows on the clay loam plot produced 
about the same total number of spears. 
Nearly three fourths of the reduction in 
yield with machine harvesting was due 
to the high percentage of spears that were 
shorter than 31/21) when cut. The smaller 
average weight per spear in comparison 
with 4%”-green hand cutting accounts 
for another fifth of the yield reduction. 
The loss of spears over 3w missed by 
the machine is of minor importance. 

Cost Comparison 
At a speed of 3% miles per hour, a 

one-row harvester operating in a field 
with a 7’ row spacing should average 
2% acres per hour and take care of 125 
acres. This would require operating 121/2 
hours per day to cover the acreage in 
4% days as would be required in hot 
weather. During most of the season, ell 
hours per day would be adequate. The 
harvester and operator would replace 15 
hand cutters as well as the two men and 
motorized cart now required to haul out 
hand-cut asparagus. 

To arrive at a cost comparison for ma- 
chine harvesting and hand cutting, the 
first cost of the harvester-with tractor 
-was estimated at $3,500, total overhead 
and operating costs for the harvester- 
including blade replacement in abrasive 
soils-was estimated at $10 per acre per 
season, and it was assumed that 125 acres 
would be handled by one machine. The 
hand-cut yield-on a 7” basis-was as- 
sumed to be 2,500 pounds per acre, and 
a typical price paid to grower on the 
same 7” basis was considered to be lo# 
per pound. Labor cost for cutting and 
sledding was taken as 33/44 per pound 
plus $40 per man per season for bringing 
in Mexican Nationals and for other mis- 
cellaneous expenses. The wage rate for 
the harvester operator was figured at 
$1.25 per hour; total overhead and oper- 
ating costs for present motorized carts 
at $2.50 per acre per season. On the basis 
of the 2,957 field tests, the machine- 
harvested yield was considered to be 
5570 of the hand-cut yield. 

The total estimated savings per acre, 
resulting from the elimination of the 
hand cutters and the motorized carts, 
would be $103. Total machine-harvesting 
charges, including loss of yield, would 
be $129 per acre. Thus, neglecting other 
economic differences, the grower’s an- 
nual income would be reduced $26 per 
acre by the use of the mechanical har- 
vester. For the assumed conditions and 
estimated costs, mechanical harvesting 

and hand cutting would yield the same 
net return per acre if the machine- 
harvested yield were 65% of the hand-cut 
yield. 

Improvement of Yields 
Machine-harvested yields would be 

significantly increased if the percentage 
of short spears could be reduced. It is 
possible that existing asparagus varieties 
may be found or new varieties developed 
that will have a tendency to cycle when 
harvested by the set-level method. There 
is limited evidence from earlier tests 
that-under some conditions-the per- 
centage of spears longer than 31/2“ is 
somewhat greater than observed in the 
current tests. The effects of cultural prac- 
tices, height of the bed over the crowns. 
and various other factors need to be in- 
vestigated. 

Another factor that would affect the 
ratio between hand-cut yields and ma- 
chine yields is the age of the beds. Be- 
cause both fields selected for the 1957 
tests were rather old, the spears emerging 
from each crown were distributed over a 
relatively large area. In younger beds, 
where the spears are much closer to- 
gether, hand cutters could be expected 
to damage or cut off more short spears 
adjacent to the one being harvested. 
Thus, the machine-versus-hand yield 
ratio should be higher in young beds than 

Concluded on page 20 

ROSE CLOVER 

Plant Tissue Analysis 

Continued from page 9 

To estimate the phosphorus needs of 
rose clover in the 1957 growing season, 
plant tissue analyses were made of sam- 
ples harvested in 1956. By using the basic 
principle of plant tissue analysis-that 
the chemical composition of a plant re- 
flects its soil nutrient supply-the critical 
level of total phosphorus in the entire top 
at the late-bloom stage of development 
was determined to be O.L9%. Plants with 
a phosphorus level below that value were 
deficient, and a growth response to addi- 

tional phosphorus could be expected. 
Plants at or above the 0.19% level could 
not be expected to respond to phosphorus 
applications. 

Results obtained in 1957 fulfilled ex- 
pectations. Plots that received the 300- 
pound per acre treatment in 1955 pro- 
duced clover with a phosphorus value of 
0.16% in 1956 and clearly responded in 
1957 to the repeat treatment. Plant com- 
position and yield were reduced in 1957 
where no repeat phosphorus treatment 
was applied in 1956. Where 600 pounds 
of superphosphate were applied in 1955 
the phosphorus value in the clover in 
1956 was 0.19%. Additional phosphorus 
applied at the same 600-pound rate in 

1956 caused an increase in yield which 
was not quite significant statistically. Re- 
fertilization of plots originally treated 
with 1,200 pounds of supexphosphate and 
which produced clover with a phos- 
phorus value of 0.24% in 1956, showed 
-after retreatment-a slight but not sta- 
tistically significant increase in yield in 
1957. 

W .  E .  Martin is Extension Soils Specialist, 
University of California, Berkeley. 

1. A .  Williams is Assistant Professor o/ 
Agronomy, University of California, Dauis. 

Walter H .  Johnson is Form Advisor, Placer 
County, University of California 

The above progress report is based on Re- 
search Project No. 1526 

Effect of Fertilizer Treatment on Uptake of Nitrogon and Phosphorus in Rang. Forage 
Expressed as Pounds Totol Nitrogen ond Total Phosphorus per Acre 

Apparent phosphorus recovery Nitrogen uptake in forage Phosphorus uptake in forage Fertilizer treatment 

As % of orlginol As % ot 
phosph. aPpl1.d r.clp lid 

Super- Lbs. P per acro’ 5 W O d  YW-1957 ~i~~~ Second yea-1957 
phos. First 

applied Single Repeat 

,“?lb‘f;s cations acre 
Carry- Addition01 - phosp%orus Ei over P applied over papp1i.d 193b 1757 1957 oppli- per 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. % % % 
Check ... ... 10.4 15.8 15.8 1.18 1.66 1.66 ... .. ... 

300 24.9’ 49.8 43.0 32.3 86.6 3.68 3.26 9.93 10.0 6.5 26.7 
600 49.8. 99.6 69.6 59.8 81.7 6.48 5.80 11.49 10.6 8.4 11.4 

1,200 99.6. 199.2 76.2 66.7 85.8 8.36 7.27 11.52 7.2 5.6 4.3 

These values correspond to 57, 114, and 228 pounds PIOj~vai labie phosphoric acid-per acro. 
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-now ready for distribution- 

Single copies of these publications-except the 
Manual- o catalog of Agricultural Publications 
may be obtained without charge from the local office 
of the Farm Advisor or by addressing a request to: 
Agricultural Publications, 22 Giannini Hall, University 
of California, Berkeley 4. 

U. C.  TYPE SOIL MIXES FOR CON- 
TAINER-GROWN PLANTS, by  0. A .  
Matkin and Philip A .  Chandler, Leaf. 89. 

DUES I N  MANAGING RICE SOILS, by  
William A .  Williams, Dwight C .  Fin- 
frock, and Milton D .  Miller, Leaf. 90. 

ING CITRUS-FOR THE CONTROL 
OF THE CITRUS NEMATODE, by  R.  C .  
Baines, F .  J .  Foote, and J .  P .  Martin, 
Leaf. 91. 

VOR I N  MILK, b y  N.  P. Tarassuk and 
W .  L. Dunkley, Leaf. 92. 
ONION VARIETIES, by  Glen N .  Davis, 
Leaf. 93. 

GREEN MANURES AND CROP RESI- 

FUMIGATE SOIL BEFORE REPLANT- 

HOW TO CONTROL RANCID FLA- 

ASPARAGUS 
Continued from page 14 

in old ones. Additional tests will be neces- 
sary to determine the significance of this 
factor. 

Robert A.  Kepner is Professor of  Agricultural 
Engineering, University of California, Davis. 

Robert Cowden, Senior Laboratory Techni- 
cian, and Tom Clarke, Engineering Aid, Agri- 
cultural Engineering, Davis, assisted in the tests 
reported in the above article. The K .  R .  Nut- 
ting Co. and Cochran Company, Inc., cooper- 
ated in the studies. 

The above progress report is based on Re- 
search Project No. 1693. 

Results of  tests with the first model are de- 
scribed in CALIFORNIA AGRICULTURE for 
October, 1952, and September, 1954. 

GROCERY STORES 
Continued from page 3 

alone. Of the smaller stores, from 2%) 
of the stores with one or two employees 
in Alameda County to 21% in Fresno 
County, and from none of those with 3-6 
employees in Butte and San Diego coun- 
ties to 4% in Los Angeles County were 
of the clerk-service only type. 

To be continued 
Marilyn Dunsing is Assistant Professor of 

Home Economics, University of California, 
Davis. 

Jessie V .  Coles is Professor 01 Family Eco- 
nomics, University of California, Berkeley. 

DONATIONS FOR AGRICULTURAL RESEARCH 
Contributions to the University of California for research by the Division of Agricultural Sciences, 

accepted in October, 1957 

BERKELEY 

For forest entomology and entomological mearch 
California Cedar Products Co. ................ ........................ $500.00 

California Fertilizer Association ......................................... 

Calaveras Land & Timber Corp. ................................................ 5200.00 

For research on use of foliar 

Mrs. Max Farrand ................................... . . . . .  .$500.00 

U. S. Public Health Service .............................................. ..$14.907.00 
For research on influence of microenvironmeno on insects 

United Fruit Co. . . . . . . . . . . .  $10.500.00 
For research on pathogenic fungus genus Fusarium 

DAVIS 
Beet Sugar Development Foundation .......................................... $5,000.00 

For research on nematode plant relationships on sugar beets 
California Cooperative Rice Research Foundation, Inc. ............................. $77 1 .OO 

For rice field insect survey and control 
California Grape Certification Association ..................................... $2.600.00 

For sand culture Setup for grape nutrition studies 

For equipment and supplies for landsca 

..................................... 

Di Giorgio Fruit Corporation ............................ .20 chests of Cardinal grapes 
12 lugs Thompson seedless grapes 

For market quality studies of table grapes 
.$1,500.00 The Dow Chemical Co. 

Hunt Foods, Inc. S2.400.00 
For research on tomatoes 

U. S. Public Health Service 

. . . . . . . . . . . . . . .  

........................................... 

For research on metabolism of phytopathogenic bacteria 
For research on host parasite relationships of Toxocara canis 
For research employiw fluorescent antibody 
For study of immunity and pathogenesis of Listeria monocytogenes infections 

E. I. DuPont DeNemours & Co. 
Geigy Agric. Chemicals 
Chipman Chemical GI.. l n c  

. . . . . . . . . . .  
. . . . . . .  

..................... 
Various donors 

Monsanto Chemical Co. 
Dow Chemical Co. 
Stauffer Chemical Co. 

To develop technique for reducing plant competition by chemical appli- 
cation in reseeding of annual rangelands with perennial grasses and 
annual legumes . . . . . . . . . . . . . . . . .  ..... .Numerous herbicides 

Wheeler, Reynolds & Stauffer ........... .... .550* carbon bisulfide 
For treatment of soils for fanleaf disease in ex 

Ru therford. CaPiefornia 

LOS ANOELES 

timental plots at Beaulieu Vineyards, 

..................... .$5,000.00 Merck & Company, Inc. ............... 
For isolation and identification of gi ances in plants 

RIVERSIDE 

Charles Pfizer & Co.. Inc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Various compounds 
For air pollution research 

Pure Gold ..................... 
For foreign citrus importation project 

Union Carbide Chemicals Co. ............................... . . . .  .s1,000.00 
For research on chemicals of potential value as n 

STATEWIDE 
Co-Agencies. Inc.. 

W. M. Barnhill ....... ......................... . I  carton Gopher Tabs 

................................ . 3  Hudson Sprayers L. E. Newell . . . . . . . . . . .  
To apply insecticides, weed sprays and fu ts in Los Angel- County 
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