
Protection in Peaches 
model under-tree wind machine tested with a n d  

burners in orchard near Wheutland during winter of 
Todd V. Crawford and F. A. Brooks 

er mounted wind machines raise 
orchard temperatures largely by the 
forced mixing of cold orchard air with 
the warmer air overhead. However, tests 
in an almond orchard in the Chic0 area 
-in 1955 and 1957-showed that the air 
jet from tower mounted machines had 
difficulty in penetrating the tree canopy 
--typical of deciduous orchards-formed 
by the intertwining of branches of ad- 
jacent trees. Underneath the tree canopy 
deciduous orchards are relatively open 
but growers report that most frost dam- 
age occurs in the 1 

ground wind machine under the tree 
canopy might be directly effective in 
preventing the air stratification leading 
to frost damage in the lower parts of the 
trees, tests were made during the winter 
of 1958-59. 

An under-tree type of wind machine 
was placed on the location of a missing 
tree in a peach orchard between Rio Oso 
and Wheatland. The orchard was planted 
on a uniform 22' square pattern. The 
trees were about 15' high with the foliage 
extending down to about 6' above the 
ground. 

Instrumentation was installed in the 
orchard to obtain a reliable understand- 
ing of orchard response to this type of 
machine. Instrumentation included 56i 
thermoc~uples for measuring ternpera- 
tures, eight ane~ometers for wind speed, 

two wind direction indicators, three soil 
temperature recorders, two soil heat flow 
plates, radiation measuring instruments, 
12 glass bulb thermometers, and a com- 
plete University micro-station for a con- 
tinuing record. Recorders were located 
in a house trailer adapted for field work. 

In a test of this type it is difficult to 
specify what the natural temperature 
would have been if the wind machine 
had not been running. However, it is 
necessary in order to determine the rise 
produced by wind machines because 
natural changes in temperature are oc- 
c a ~ i Q ~ ~ l l ~ i  as large as those c ~ ~ § ~ ~  b y  
the machines. One method of determin- 
ing the rise is to average the tempera- 
tures before and after the wind machine 
was operated-assuming enough time 
was available, after turning off the ma- 
chine, for the ~emper~tures to return to 
normal before sunrise-and take that 
average as the natural temperature dur- 
ing the test. Another method is to estab- 
lish a control station within the orchard 
but beyond the area affected by the wind 
machine. Control station temperatures 
are correlated with the other orchard 

machine and ass 
i s  method elirni- 

Temperatures above normal in the 
winter of 1958-59 and typically variable 
winds in the Sacramento Valley on nights 
approaching radiation frost conditions 
limited the number of good test nights. 
During the test period, wind speeds in 
excess of 5 mph at 50' altitude destroyed 
any inversions. In effect nature, instead 
of a wind machine, did the mixing of 

An under-the-tree wind machine powered by a 145 HP en 
the unit turns through 360" in 5% mfnvtes, Two prcpune burners can be used to add 4,000 

; 91 BHP i s  developed at the 

Photos taken: left, March 12,1959; center, March 25,1959; right, April 2 
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propriate period and subtracting the 
corresponding average control station 
temperature adjusted by the correlation 
established just prior to starting the wind 
machine. It was assumed that the effec- 
tive temperature for protection was the 
average one, realizing that the tempera- 
ture at any one point varied according 
to which direction the wind machine was 
pointing with respect to that point. This 
was quite marked for points near the wind 
machine and with the burners lit. On 
March 20, a 5°F temperature variation 
-on a glass bulb thermometer 93’ 
southwest of the wind machine-was 
noted during a complete revolution of 
the machine with the burner lit. The 
temperatures were recorded on strip 
charts by recording electronic potenti- 
ometers capable of reading 12 tempera- 
tures in three minutes or 16 temperatures 
in five minutes. On the recorders with the 
five minute time cycle, which nearly co- 

age temperature that was either too high 
or too low. Consequently the analysis of 
some of the data plotted in the following 
figures has been adjusted. 

The temperature responses obtained 
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Vertical temperature profile changes due to the wind machine and wind machine- 
burner combination on March 25, 1959. The rise of the additional heat from the 

burners above the orchard is well illustrated on Curves D through F. 

due north all of t nemometers up to 
25' and occasionally 35' showed a re- 
sponse with the strongest change in speed 
at the 6' level. This indicated some forced 
mixing extending through the tree can- 
opy which is also borne out by the tem- 
perature rise at the 15' level shown in 
the graph on page 4. The tree-top level 
is more exposed to the natural wind and 
the shape of the response area is dis- 
torted accordingly. 

Thermocouples along four 50' masts 
-one at the control station and three in 
a line northward from the wind machine 
--provided data for a study of the 
changes in the vertical profiles. The 
graph on page 4 shows these profile 
changes for March 20. 

The natural conditions profile indi- 
cates colder temperatures in the foliage 
layer than near the ground. This indi- 
cates that it is the foliage, not the ground, 

which is exerting the main cooling effect 
on the air. Then as the trees are colder 
than the air it is possible to warm the 
colder fruit or blossoms nearly up to the 
air temperatures by blowing air against 
them with a wind 
more frost protecti 
than is indicated 
ferences. The magnitude of this added 
protection is not known. This would not 
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New Winter Rye 
productive winter annual cereal grain 
has high fertility in California tests 

Coit A. Suneson 

The first California certified seed of 
Svalof Fourex spring rye-introduced 
from Sweden-is expected to become 
available for commercial use after the 
1959 harvest. 

Svalof Fourex is a very productive 
winter annual cereal grain that does best 
on lighter soils; excels in total dry mat- 
ter production, straw stiffness and plant 
height; and makes a good winter cover 
crop or a winter forage crop. However, 
it is not likely that Svalof rye will com- 
pete with barley or wheat in the produc- 
tion of grain for food or feed in Cali- 
f Q r n i ~ .  

Neither yellow-dwarf virus nor coni- 
mon root rots, which are the most trouble- 
some diseases in early fall sown cereals. 

FROST 
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before reaching this point. The minor 
variations in Curves C and F are not 
significant. 

The marked warming between the sur- 
face and 20' on Curve D is due to the 
heat added by the burners being well 
mixed in this layer by the opposing 
natural wind before reaching this mast. 
The added buoyancy of the air jet caused 
the main part of the warm air to rise 
above the orchard and show up as a much 
weaker maximum temperature response 
at 35' on Curve E, That portion of the 
warm air jet under the tree canopy on 
Curve D had risen into the trees and 
damped out before reaching 210' north 
so that there was no noticeable rise in the 
lower temperatures at this location. The 
minimum temperature in the orchard 
that morning was 34°F. 

and the table on 

above the 15' lev 
5 Curves A thro 

natural wind direction is different. The 
effect of the natural wind helping to blow 
the warm air rapidly from the wind ma- 

have damaged Svalof Fourex seriously 
in tests at Davis and elsewhere in Cali- 
fornia. 

Svalof Fourex resulted from 15 years 
of progeny test breeding in Sweden that 
first produced a new diploid spring rye 
that was, in some respects, superior to the 
leading Swedish variety. Tetraploids- Phenomenon 
plants with double the usual number of nical' investi 
chromosomes-were obtained from the Sweden and 
diploid plants by colchicine treatment. 
Finally, tetraploids were selected for 

large plants and also have large, but 

urex has better fertility in 
the mild California climate than was 
expected from Swedish experience, a 

high fertility as they normally produce 

art is based an Re- 

Dr. A .  Hagberg of the 
tien developed and named 

chine toward the 50' 
Curves D through F. 
wind helping, the warm air arrives at 
100' north quicker and with less mixing 
than before. In effect it appears that the 
warm air jet was split; some going under 

The warm jet unde 
the foliage before re 

been the results of only two test nights, 
the area responses are considered repre- 
sentative for the under-tree wind machine 
under the test conditions. It is not pos- 
sible to know how well this machine 
would have done mounted on a tower. 
However, rough comparisons can be 
made with tower machines tested in 
almonds at Chico. Tests in 1955 on a 
25 BHP wind machine, 42' above the 
ground, which turned through 360" in 
about four minutes showed a 1°F re- 
sponse over 1.8 acres at 10' above the 
ground in a weak inversion of 4.5"F. A 
conventional wind machine with dual 
gasoline engines of 75 BIIP each, 40' 

as tested in the same 
1957. With a 7.3"F 

inversion it gave a 1°F gain over 14 
acres, 2'F over 6.9 acres, and 3°F over 
2.7 acres. The under-tree wind machine 
area responses fall between those of the 
two tower units. As air movement under 
the tree canopy is much stronger with 
the under-tree unit it should be more 
efficient in redistributing the heat from 
a few scattered orchard heaters. Al- 
though not yet tested it is thought that 
the  omb bin at ion of orchard heaters and 
an under-tree machine would be the most 
eff ertive. 

The addition of a large amount of heat 
from the burners on the low mounted 
wind machine causes the air jet to lift 
out of the orchard and the additional 
temperature gain in close to the machine 
does not Seem to be worth the cost of 
the burner equipment and propane fuel. 
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