son with the irrigated, started to slow
down during the period of May 20 to
May 27, when soil suction at the 2-ft level
increased from about 0.8 bar to 1.8 bars
(extrapolated) . At picking time there was
a significant difference in fruit diameter
of 0.5 mm between the two treatments.
The 200 fruit samples showed a 5% in-
crease in fruit weight for the irrigated
plots.

By extrapolation it can be estimated
that the soil suction at harvest had
reached about 2.5 bars at the 2-ft level in
the nonirrigated plots.

In 1964, irrigation water was applied
on May 12 when the soil suction in the
dry plot was only 0.5 bar. A response was
not detectable until the week of May 19
to May 27 when the soil suction at the 2-ft
level in the nonirrigated plot increased
from 0.8 bar to about 1.5 bars (extrap-
olated). At harvest time the irrigated
fruits had an average fruit diameter 0.7
mm larger than the nonirrigated fruits.
At that time soil suction had reached
about 2.4 bars at the 2-ft level in the non-
irrigated plot, while in the irrigated plot
soil suction was 0.5 bar.

In 1966, the first irrigation was given

on April 20. A few weeks later it was ap-
parent that the nonirrigated fruits were
growing slightly faster than the irrigated
ones. On May 9, soil temperature meas-
urements revealed that the irrigation had
either cooled the soil or delayed its warm-
ing.
SOIL TEMPERATURE IN DEGREES CENTIGRADE
AT THE DRIP LINE ON MAY 9, 1966

Plot . 6 . 18 . 30 N 42
inches inches inches inches
Nonirrig. Rep. 1 ... 21 20.5 19 17.5
Nonirrig. Rep. 2 ... 21 20.5 19 17.5
Irrigated Rep. 1 ... 19 19 18.5 17.5
Irrigated Rep. 2 ... 19 19 18 17

As shown in the table, temperatures
were lower in the irrigated plots to a
depth of 30 inches. Evidently this de-
crease in temperature slowed the fruit
growth process slightly.

A second irrigation, on May 5, did not
delay fruit growth further. Instead, it was
accelerated—while fruit growth in the
nonirrigated plots was slowed because of
soil moisture stress. Soil suction readings
on May 9, in the nonirrigated plots, were
(on the average) 3 bars at the 1-ft and
0.8 bar at the 214-ft level. At harvest time
soil suction at the 1-ft level was about 4.5
bars and at 214 ft, about 1.5 bars, five

feet from the trunk. However, in the mid-
dles, considerably lower stresses were en-
countered. In spite of this, the fruit diam-
eter at harvest was 0.4 mm larger in the
irrigated than in the nonirrigated trees.

Conclusions

The average of the three years of test-
ing showed that fruit size was increased
0.54 mm by irrigation. This means an
increase of 14 to 14 size grade. Prehar-
vest irrigation is more critical on the
heavier soil series of the district, such as
Wyman, than on the lighter Ramada,
Columbia, and Honcut soils. In all cases,
irrigation in May about two to three
weeks before harvest resulted in more
rapid fruit growth during the final swell.
An irrigation before May could resultin a
cooling effect which might slow fruit
growth temporarily.

L. F. Werenfels was Extension Irriga-
tion Technologist; and K. Uriu is Asso-
ciate Pomologist, University of Cdlifor-
nia, Davis. Herbert Paul and Fred M.
Charles are Farm Advisors, San Joaquin
County. Cooperators included Dr. M. Ren-
wick and D. Gotelli.

Selection for canning quality in

CALIFORNIA DARK RED
KIDNEY BEANS

F. L. SMITH + R. L. DEMOURA

Certified seed of a new dark red kidney
bean selection will be available for grow-
ers to replace the older California Dark
Red Kidney bean within two years. The
new selection, tested for the past four
years, has shown less splitting, compa-
rable canning quality, and yields as good
or better than either the California or
Michigan variety of dark red kidney bean.

ED KIDNEY BEANS have been grown in
California since 1857. About thirty
years ago, a dark red kidney variety was
introdueed in California for the purpose
of supplying disease-free seed for Mich-
igan. This variety was named Michigan
Dark Red Kidney and was earlier, less
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vegetative, and lower yielding than Cali-
fornia Red Kidney. To increase the yields,
Michigan Dark Red Kidney was crossed
with Maui Red Kidney, a late vigorous
variety from Hawaii. The hybrids were
selected for plant vigor, erectness and
maturity; for seedcoat color, and for
yield. A selection from the F; generation
was released to growers as California
Dark Red Kidney.

In the meantime, some canners in the
state began to use the Michigan Dark Red
Kidney for a canned salad bean. With two
outlets—seed for Michigan and beans for
the canners—the popularity of the dark
red kidney increased to about one-third of
the red kidney bean acreage in the state.

Soon after its release, canners called
attention to one serious fault of the Cali-
fornia Dark Red Kidney. Canning tests

CALIFORNIA AGRICULTURE, AUGUST,

showed that the California Dark Red
Kidney had more split beans than the
Michigan variety. Since the Michigan
variety was one of the parents of the new
variety and no selection had been made
for splitting, it seemed reasonable to as-
sume that the California version of dark
red kidney may have some genetic vari-
ability for canning quality: If so, it should
be possible to select lines with low split-
ting percentages.

The splitting in the canned beans may
be cross-sectional, lorigitudinal or both,
ranging from small breaks in the seed
coat to full length splits. In the more
severe cases, the cotyledons are partially
to completely separated. To grade the
splitting acecording to the severity of the
splits proved to be too cumbersome;
therefore, it was decided to divide the

1967



TABLE 1. PERCENTAGE OF NON-SPLIT DARK RED
KIDNEY BEANS* IN TESTS WITH SIX LINES AND TWO
VARIETIES, 1961-1964

Selectiont 1961 1962 1963 1964
Sel. 33 . 39 ab 79 ab 39b
46 56 ab 35ab 71 be 32¢c

99 .. 43 a 77 ab 35bc

114 65a 49 a 86a 43 ab
165 .. 38 ab 85a 49a
168 . 40a 75ab 46a
Cal DRK 54b 27 b 63 ¢ 30¢

Mich DRK 67 a 41 a 8la 43 ab
LSDat 5% 114 10.6 (A 8.3

* Grouped by using the Duncan Multiple Range Test:
a group, best entries; b group, next best; c group,
poorest entries; and ab group, averages not signifi-
cantly different from either a or b.

t Mich DRK > Cal DRK 1961, 1962, 1963, 1964; Sel.
114 > Cal DRK 1961, 1962, 1963, 1964; and Mich DRK
> Sel. 114, no year.

TABLE 2. DISTRIBUTION OF LINES IN THE DUNCAN
RANGE FOR PERCENTAGE OF NON-SPLIT BEANS,
1961 AND 1962

1959-1960 Duncan Range __ Averess
Line ratings a ab b ¢ beans
1961 Distribution %
6 Low Lines 2 3 1 50.1
10 Intermediate Lines 2 6 1 1 56.1
7 High Llines 1 5 1 57.9
Calif. DRK X 54.0
Mich. DRK X 67.0
1962 Distribution
1 Low Line 1 18.0
26 Intermediate Lines 2 12 10 2 29.2
7 High Lines 1 5 1 37.4
Calif, DRK X 27.0
Mich. DRK X 41.0

TABLE 3. YIELD OF SIX LINES AND TWO

VARIETIES OF DARK RED KIDNEY BEANS

WITH RATINGS ON THE DUNCAN RANGE
SCALE, 1961-1964

Selection* 1961 1962 1963 1964
Yield {sacks per acre)t
Sel. 33 .. 18.8 a 23.2 24.5a
46 123 a 189 a 243 23.6 ab
99 .. 19.6a 23.5 222 be
114 97 bc 178 b 224 21.8 be
165 .. 171 b 23.0 215 ¢
168 . 16.3 be 23.3 215 ¢
Cal DRK 109 b 171 b 24.1 228 b
Mich DRK 77 d153 ¢ 229 207 ¢
LSD at 5% 1.3 1.5 N.S. 2.1

* Cal DRK > Mich DRK 1961, 1962, 1964; Sel. 114 >
Mich DRK 1961, 1962; Cal DRK > Sel. 114, no year,
t A sack of beans is 100 pounds net weight.

canned beans into two groups—non-split
and split. Beans with splits longer than
the width of the hilum (about 1 mm)
were counted as split. The readings of the
samples were then expressed as the per-
centage of non-split beans.

To test the heritability of splitting, 198
random plant selections were made from a
field of California Dark Red Kidney in
the Iy, generation. The seed was planted
in progeny rows in 1959 and 1960, with
every tenth row planted alternately with
the Michigan and California varieties.
Two 100-bean samples were taken from
each row for the canning tests.

The 1959 canning tests showed that the
198 progeny rows varied from 3% to
52% non-split, averaging 18%. In 1960,
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the range was from 9% to 64%, averag-
ing 32%. The eleven Michigan variety
tests ranged from 17% to 66% non-split
in 1959 and 39% to 62% in 1960, with
averages of 42% and 52% respectively.
California Dark Red Kidney ranged from
11% to 25% non-split with a 17% aver-
age in 1959 and from 15% to 40% non-
split with a 26% average in 1960. In both
years, the varieties were significantly dif-
ferent, and the average of the two selec-
tions was about the same as the California
variety. In 1959 and 1960 the correlation
ratio for the selections between the per-
centage of non-split beans was .44—in-
dicating that some of the factors which
caused splitting are probably inherited.

Selections

The selections were then divided into
three groups, those with a low non-split
percentage, those with a high non-split
percentage, and those falling in between.
Replicated plots in 1961 and 1962 com-
pared the yield and the splitting percent-
age of the selections from each of these
groups. Statistical analyses were made on
the splitting to test for significant differ-
ences and were grouped using the Duncan
Multiple Range Test; the best entries be-
ing in the @ group, the next best in the b
group, etc. The averages which were not
significant from either a or b were in the
ab group. The results from six selections
and the check varieties can be seen in
table 1.

In both 1961 and 1962, there was a
relationship to the readings made from
the non-replicated plots in 1959-1960. If
the tendency to splitting was not herit-
able, it would be expected that the prog-
eny from each group would be scattered
over the whole range from a-c but this
was not the case (see table 2). In both
1961 and 1962, only the progenies from
the medium group were distributed
throughout the range.

Seil

The 1963 results are from a planting on
a heavy clay soil in San Joaquin County.
Unfortunately, the planting at Davis was
not harvested that year because of rain
damage.

A summary of the canning tests on six
selections from 1961-64 and the two vari-
ety checks are ‘shown in table 1. The most
consistently high performance was ob-
tained from Selection 114. In four years’
testing in replicated plots, the canning
quality was not significantly different
from Michican Dark Red Kidney in any
year. :

Yield records are presented in table 3,
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for the four-year period. In 1963, there

“was no significant difference in the yields

between varieties. The Duncan range tests
indicate that Selection 114 yielded as well
as California Dark Red Kidney every
year and significantly higher than Mich-
igan in two of the four years.

Selection 114 was increased; and in
1966, foundation seed was made available
for certified seed production. Through the
“generation plan” of seed certification,
there should be ample seed of this selec-
tion to replace the older California Dark
Red Kidney within two years.

Francis L. Smith is Professor of Agron-
omy and Agronomist and Richard L.
DeMoura is Laboratory Technician II,
Department of Agronomy, University of
California, Davis. S& W Fine Foods, Inc.,
Redwood City, arranged the canning
tests.

NEW PUBLICATIONS

ready for distribution

Single copies of these publications—except Manuals
and books—or a catalog of Agricultural Publications
may be obtained without charge from the locol office
of the Farm Advisor or by addressing a request to:
Agricultural Publications, 207 University Hall, Univer-
sity of California, Berkeley, California 94720, When
ordering sale items, please enclose payment. Make
checks or money orders payable to The Regents of the
University of California.

MECHANICAL HARVESTING EQUIPMENT
FOR DECIDUOUS TREE FRUITS. Bul. 825.
Reporis on basic studies of tree-shaking
and the development of new types of
shakers. Emphasis on improved methods
of attaching to trees to avoid bark injury
and of catching fruit with minimum in-
jury to fruit. Details on pickup machin-
ery developed to collect fruit which can
be shaken to ground. An improved fruit
catching-frame for collection of other
fruits is described.

IRRIGATION WATER RIGHTS IN CALIFORNIA.
REVISED Cir. 452. Summarizes the prin-
ciples upon which irrigation water rights
of California farmers are based. Intended
to acquaint California farmers with na-
ture of water rights for irrigation in this
state and with the way such rights are
acquired, held, utilized, and lost. Its pur-
pose is purely educational, with no
thought of furnishing legal advice.

SUPPLEMENTAL FEEDING OF SHEEP GRAZ-
ING ON DRY RANGE. Bul. 832. A summary
of seven years of investigation to deter-
mine the amount and kinds of feeds, as
well as the frequency of feeding, for
proper supplementation of weanling
lambs grazing on dry and annual-range
forage.
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