tion due to regression was highly significant.
It appears obvious that even when half
of the casein protein (20% comfrey
ration) was replaced with comfrey protein that there were drastic reductions in
feed consumption (about 24%), feed
conversion (about 50%) and gain
(about 62%).
TABLE 1. PROXIMATE ANALYSES OF COMFREY
AND CONTROL RATIONS (DRY MATTER BASIS)
Comfrey
Rat Swine
trial
trial

%
Crude Drotein
Ether extract
Crude fiber
Nitrogen-free
extract
Ash

%

Control rations
Rat
Swine
trial
trial

%

Y

o

26.0
2.4
12.3

24.4
3.4
12.6

10.3
3.9
4.9

17.6
1.2
8.4

351
23.6

35.9
23.7

77.4
3.5

67.1
5.7

TABLE 2. RATIONS, RAT TRIAL
Comfrey
20%
40%
Percenatge

Control

-

5.5
Cowin
11.0
Comfrey, dehydrated
20.1
40.3
5.0
5.0
5.0
Corn oil
Sucrose
71.4
60.1
48.7
Cellulose"
6.6
3.3
Salt mixturet
4.0
4.0
4.0
Vitamin mixture$
2.0
2.0
2.0
* Solka-floc.
t Splt mixture P-H manufactured by Nutritional 8iochemical Corporation, Cleveland, Ohio.
# Vitamin Diet Fortification mixture manufactured
by Nutritional Biochemical Corporation, Cleveland,
Ohio.

-

-

.

TABLE 3. RESULTS, RAT TRIAL
(21 DAYS, 10 RATS PER GROUP)
Ration

Control

Comfrey
20%t
40%
68.4
36.9
43.7
44.2
24.W
-7.3~
161.9~
135.1'

Final weight, gm.
107.4
Initial weight, gm.
42.8
Gain, gm.
64.6%'
Feed comsumption,
212.61
gm.
Feed per unit gain
3.361
6.W
* Values on same line differ significantly from those
with different superscripts-a, b, c (P 0.01); x, y, I
(P 0.05).
t One rat succumbed on day4 of this ration. Data
baaed on nine rats fed the 20% comfrey ration.

-

<

<

TABLE 4. RATIONS,* SWINE DIGESTION TRIAL
Control

Comfrey
20%
40%
Pounds

Ground barley
83
Cottonseed meal (41% CP) 11
Meat and bone meal
(50% CP)
6
0.5
Salt
Control, above
80
60
Ground, dehydrated Comfrey
20
40
* Plus 1675 I.U. Vitamin A and 5'0 I.U. Vitamin DI
per pound of ration.
TABLE 5. RESULTS OF SWINE DIGESTION TRIAL
(3
. .X. 3 Latini wuarel
, .
.
Co&cients, apparent digestibility
Contra1 ratian
Camfrav*
Crude protein
Ether extract
Crude fiber
Nitrogen-free extract

%

YO

73.7
26.5
14.9
03.2

49.6
80.3

84.5
66.5

Calculated total digestible
70.8
52.7
nutrients (TDN, Yo)
*Calculated by difference between the control ration and the 20% and 40% comfrey rations.

8

A 3 x 3 Latin square design digestion
trial was run with rations also containing 0, 20 and 40% dehydrated comfrey
(rations in table 4, analysis of comfrey
and control ration, table 1) and three
pigs weighing initially about 80 lb and
finally about 140 lb. Collection periods
were 10, 10 and 9 days and feed consumption 4, 5 and 6 lb in each of the
three periods, respectively. The results
are summarized in table 5. The digestion
coefficients indicate a calculated TDN
content of 52.7% for the eomfrey used
in this trial.

PHILIP S. CRANE
F. M. SUMMERS

Relationship of

NAVEL ORANG
to hard

Swine rations

Analyses of varimce were calculated
for apparent coefficients of digestibility
of the three swine rations for the organic
Components of the proximate analysis.
In spite of the low magnitude of the
degrees of freedom, the differences for
the coefficients of digestibility between
rations were statistically significant for
crude protein (P < 0.05) and crude fiber
(P
0.01). The differences in coefficients for ether extract approached s i g
nificance at the 5% level, but they lacked
statistical significance for the nitrogenfree extract (NFE) because of variation
0.05)
caused by significant pig (P
and period (replicate) (P
0.01)
effects. If the coefficients for NFE for
pigs fed the control, and 20% comfrey,
rations were combined and compared
with those for pigs fed the 40% comfrey
ration, analysis of variance indicated a
highly significant difference. The coefficients of digestibility showed significant
changes between comfrey levels due to
regression for crude protein and crude
0.01) and ether extract
fiber (P
(P 0.05). Regression coefficients were
positive for ether extract and crude fiber
indicating that the digestibility of these
components was higher in comfrey than
the basal ration, but the reverse was true
for crude protein and NFE where the
regression coefficients were negative.

<

<
<

<

<
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HERE ARE SEVERAL severe bottlenecks in the search for agricultural
chemicals (toxicants, sterilants or repellents) to control navel orangeworm infestations in almond orchards. One is
that the use of experimental or unregistered pesticides jeopardizes the sale of
crops from test plots. Another concerns
the scarcity of knowledge about the
flights of moths within or between orchards and within entire communities.
The tools to do this kind of assessment
work are still crude and the manpower
requirement is high. Individuals and
various small research teams working in
California have accumulated a large
&mount of information about this tena:ious pest, but an economic control
method for orchard infestations has not
yet been determined.

T

Bioassays

Bioassays of various pesticide effects
xgainst moths and larvae seem to show
:hat the individual active stages of this
pest are not particularly immune or
resistant. However, repeated applications
If potent and persistent pesticides a p
died to protect ripening c r o p fail to
;ive the result desired. The supposition
s that the true value of treatments in
;mall plots is not evident because there
s an inflow of moths from,surmunding
intreated areas. The moths flying into
in area inflict additional damage before
he pesticide residues begin to act, makng it impossible to find out how a treatnent affects the original inhabitants of
i test plot. The result is a lack of knowl:dge on how large a treated area must
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NUMBERS OF NAVEL ORANGEWORM STAGES IN SOFT-SHELL (NONPAREIL) AND
HARD-SHELL (PEERLESS) VARIETY ALMOND TREES AND FRUIT, BEFORE AND AFTER
HARVEST OF THE SOFT-SHELL VARIETY FRUITS
B e f o r e Harvest o f

IEWORM MOTHS
shell and
soft shell almonds

Number of
in fes fed whole
fruits

Soft-shell Varieties
Percentage of
in fes fed ke rne Is

10

7969)

Number of mothstrapped
Aug. 17 - Aug. 77 7969-

-

100
7 "

1.L

64

5

50

0

0

After Harvest of Soft-shell

Varieties

be in order to sustain the benefit of an
applied control.
20
One segment of knowledge which is
relevant to this problem concerns the
relationship of the moth stage of the pest
to varieties of trees which bear soft-shell
and hard-shell almonds. Since the hardshell nuts resist attack by larvae of the
species, do the egg-laying moths avoid
these trees? Experimentation would be
simplified if trees bearing true hard-shell
nuts could be ignored, i.e., left untreated
without appreciably affecting results of
tests applied to the interplanted but more in liquid traps baited with emulsified
susceptible soft-shell varieties.
phenyl proprionate, 10 traps for each
variety operated six days during each
Distribution
interval. Almond whole fruits (1250 nuts
During 1969 attempts were made to from 25 or more trees of each variety)
get information on how navel orange- were minutely examined for evidence of
worm moths distribute themselves among moth visits-the presence of eggs, larvae,
trees which bear soft-shell (more suscep- pupae or shells and remnants thereof.
tible) and hard-shell (less susceptible)
The data obtained in the before-andnuts. Samplings of moths and almond after samplings showed : (1) increases
fruits were taken twice from trees of two in number of whole fruits showing one
varieties-Nonpareil and Peerless-dur- or more immature stages of the pesting the harvest period when infestations Nonpareil 209 to 602 (x 2.9), Peerless
begin to increase rapidly. The first round 124 to 587 (x 4.8) ; (2) increased perof moth trapping was done during the centages of infested kernels-Nonpareil
period of August 11 to 17, approximately 7.2 to 15.4 (x 2.1), Peerless 2.6 to 6.0
the period of beginning hulI split for (x 2.3) ; and (3) increases in total moths
Nonpareils. A second iound of moth trap- trapped in six days-Nonpareil 64 to 124
ping was done during the period Septem- (x 1.9), Peerless 41 to 146 (x 3.6).
ber 22 to 28, after Nonpareils were harThe principal conclusions based on
vested but before Peerless nuts were observations in this orchard are as folharvested in the test orchard.
lows: (1) moths, eggs, etc., were more
The initial nut samples were taken on prevalent in these Nonpareil trees than
September 2, the second on October 21. in the companion Peerless trees when
In the latter case, the nuts from Nonpa- full crops of ripening nuts were present
reil trees were trash nuts which knockers in both; (2) after Nonpareils were harfailed to dislodge. Moths were captured vested but before harvest of Peerless
C A L I F O R N I A AGRICULTURE,

(Sept. 2,

JANUARY, 1971

(October 27. 7969)

- Sept.22 -5ept.28, 7969 -

nuts, the prevalence of moths and the
numbers of whole fruits showing evidence of one or more immature stages
tended to equalize for the two varieties
even though the percentage of wormdamaged hard-shell meats remained comparatively low; (3) Peerless nuts were
not entirely immune to attack, and between September 2 and October 21,
1969, the quantity of wormy kernels of
the hard-shells increased to 6 per cent.
This change in worm-damaged Peerless
kernels was not proportionately higher
than the increase in worm-damaged Nonpareil kernels. According to these data
it would not be feasible to disregard trees
of hard-shell varieties in studies of
orchard infestation trends, or in treatment plots.

Philip S. Crane is District Detection
Entomologist, California State Department of Agriculture, Sacramento; and
F. M. Summers is Professor, Department
of Entomology, University of Californiu,
Davis.
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