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Maybe We Should Try Calculating Something Else?
After 22 years in working with pistachios, I have not found any of the methods available for
estimating whether or not the fall and winter chill requirement had been met to be of much help in
predicting how the pistachios in the San Joaquin Valley of California would fare in the upcoming year.
Recently, I had what I am calling a minor epiphany of sorts related to the winter ‘rest period’ or
‘winter chilling’ that I wanted to share. It dawned on me that what many in the industry really want to
know is not if fall and winter chilling was adequate or surpassed some threshold. What many really
want to know is what their yield will be like at harvest time. To begin the statistical process that might
help answer the latter question, I asked a well-known farming operation to share some of their yield
data with me and they graciously consented. I obtained CPC yield data from three large orchards,
some of which dated back to the mid-1980s.
In short, the objective of this research was to correlate the yield of these orchards with airtemperature records available from some nearby CIMIS stations. For those that want the complete
report on this project: the methods used and a discussion of the results (in metric units), the full article
is in press and should be available within a few months in the following journal:
Kallsen, C.E. 2017. Temperature-related variables associated with yield of ‘Kerman’ pistachio in the
San Joaquin Valley of California. HortScience: In Press.
Fortunately, although useful in understanding the procedures used and some of the implications,
reading the full published report is not necessary. I have worked to condense the results of this study
for this newsletter and developed an Excel spreadsheet that will allow you to estimate your future
yields, based on the results of this study. This research examined Kerman and Peters orchards, only,
and the results will be most applicable for Kerman and Peters orchards that are 15 years and older
and which are located in the southern San Joaquin Valley. The model that was developed assumes that
crop nutrition, irrigation scheduling and pest control were above average, and that water quality was
adequate.
Generally, pistachio is an alternate bearing crop, so it follows that if you want to predict yield for
pistachio, the best input variable available is the yield you harvested the previous year. With an
alternate bearing crop, almost by definition, if your yield was low last year you can predict it will be
higher this year and vice versa. The objective of this research was to improve the prediction by adding
various air temperature variables into the predictive model. A large number of air temperature-related
variables were examined that summed or accumulated the number of hours that air temperature was
above, below or in between set limit values during discreet calendar periods of time. For example, one
of the many variables entered into the model was the accumulation of the number of hours less than 45

degrees F. from the time period from November 15 through February 15. Most of the variables
calculated were rejected in favor of a few that did a better job of predicting yield.
The statistical procedure uses was forward, stepwise multiple regression. The idea was to use this
procedure to determine the top three or four variables, in addition to previous yield, that increased our
ability to predict yield at harvest time. This objective was achieved by using stringent F thresholds for
variable to enter and exit the model, and by using the Durbin-Watson statistic and related statistics to
find variables that minimized collinearity in the variables selected for the model.
When the results were in, the regression procedure found the most useful variable for predicting
subsequent yield in these older Kerman orchards was previous yield. As expected, if the preceding
season yield was low, subsequent yield was high and vice versa. Interestingly, and not very
surprisingly to me based on my previous experience, variables such as accumulated chilling hours and
chill portions, as measured during the fall and winter preceding harvest were not very useful in
predicting subsequent yield or were negatively correlated with yield in the pooled data from the three
Kerman orchards in the San Joaquin Valley that I studied. The lack of significance of variables that
measured chill related accumulations, in combination with the significance of variables that measured
warmer temperatures during the fall and winter, suggest that we usually get enough winter chilling but
the interruptions of warmer temperatures during the winter and fall, reverse or interrupt the fall and
winter ‘rest period’ of the trees.
Of the 30 or more variable entered into this statistical procedure the following variables were the
most powerful in estimating CPC yield (i.e. also called ‘total inshell weight’):
1. The square of previous season CPC yield (i.e. total inshell weight) in lbs. /acre
2. The square of accumulated hours greater than or equal to 45 degrees F. and less than or equal to 60
degrees F. as summed from Nov. 15 through Feb. 15.
3. The accumulated hours greater the 65 degrees F. as summed from Nov. 15 through Feb. 15
4. The accumulated hours greater than 80 degrees F. as summed from March 20 through April 26.
Previous yield, hours greater that 65 degrees F. from Nov. 15 through Feb. 15, and hours greater than
80 °F. from March 20 through April 26 (roughly the bloom and early nuts set period) were negatively
correlated with future yield, while the variable that summed the number of hours between and equal to
45 and 60 °F. was positively correlated to yield. So, in short, if you want a big yield at the upcoming
harvest, your best chance is as follows: to have had a small yield the previous harvest, to accumulate
as many hours as possible between 45 and 60 °F. from Nov. 15 through Feb. 15, have no hours greater
than 65 °F. from Nov. 15 through Feb. 15 and to have had no hours with temperatures greater than 80
°F. from March 20 through April 26. In the three orchards upon which this model is based, the mean
values over the course of the 31 years were as follows: for previous yield the mean was 3541 lbs.
/acre, for hourly accumulations from 45 to 60 °F. from Nov. 15 through Feb. 15 was 1172 hours, for
hourly accumulations greater than 65 °F. for the same period was 75 hours and for hourly
accumulations greater than 80 °F. from March 20 to April 26 was 39 hours. If you are going to use
this model and track hourly accumulations during the fall, winter and bloom periods, actual hourly
accumulations measured in your orchard can be compared to these mean values to give a rough
indication how the upcoming harvest yield will be impacted. However, these are means and are not
‘threshold’ values. The results of this model suggests that thresholds do not exist but that yield will
increase or decrease linearly or curvilinearly, depending on previous yield and the most significant
hourly air temperature accumulations identified in this study.
So how much error is associated with a yield prediction in this model? This model predicts yield
more accurately when the input values for the four variables are near the mean values listed above. By

utilizing the ‘standard error of the predicted value’, which is a statistic calculated by the multiple
regression model, we can estimate how much error is associated with the yield value predicted by this
regression equation. By multiplying the standard errors of the predicted values by 2, over the range of
predictions upon which this model is based, the error associated with a given yield prediction varied
from a maximum of ± 952 lbs. /acre for yield predictions based on input values near their extreme
values, to a minimum of ± 266 lbs. /acre for cases with values near the middle of the range. On
average, using the standard error of the predicted value, a yield prediction was accurate within ± 524
lbs. /acre.
This model ‘explained’ about 64% of the total adjusted variation in CPC yield measured over the
past 31 years. One should not spend too much time in looking for physiological importance in these
variables. These variables are merely correlations which do not explain cause and effect as to what
may be going on biologically. Nevertheless, this model should allow growers to estimate what their
fall yields will be, with greater accuracy, than trying to estimate whether or not ‘chilling’ or ‘winter
rest’ or ‘dormancy’ was or was not sufficient. This model has shown that warm temperatures during
the fall and winter ‘rests period’ appear to have reduced yields to a greater extent than previously
thought or, perhaps, allowed for, in existing chilling models. The use of fall and winter foliar sprays of
kaolinite clay or calcium carbonate crystals, if effective in reducing orchard air temperature below 65
degrees F., appears to be supported by this model.
In the past, poor chilling may have been blamed for poor yields when the problem may have been
excessively warm air temperatures during the bloom period. Results from this research suggests that
the industry may have focused too much attention on chilling, and not enough on the orchard’s current
point in the alternate bearing cycle. Extremely low yields may be the result of a “perfect storm” of
being on the wrong ‘side’ of high previous yield and these few temperature variables, even if
everything else was done right as far as irrigating, fertilizing and controlling pests. By using this
model, growers should have the ability to obtain an estimate of their yield for the upcoming harvest by
the end of April, assuming that that their irrigation scheduling and water quality, crop nutrition, and
pest control are adequate.
As an example of how this model works, let’s assume that the date is April 27, and a person has
downloaded their orchard temperature recorder and summed the hourly air temperature accumulations
of the variables required in this model as follows:
1. The number of hours greater than or equal to 45 degrees F. and less than or equal to 60 degrees F. as
summed from Nov. 15 through Feb. 15 was 1150 hours.
2. The accumulated hours greater the 65 degrees F. as summed from Nov. 15 through Feb. 15 was 136
hours.
3. The accumulated hours greater than 80 degrees F. as summed from March 20 through April 26 was
45 hours.
4. By checking their records from the previous year, last year’s total inshell yield (previous yield) was
2200 lbs. /acre.
When this data is entered in the model equation, the predicted yield for the upcoming harvest in the fall
will be estimated as 3968 ± 524 lbs. /acre, assuming the average error value discussed above. As
described above this prediction also assumes that crop nutrition, irrigation scheduling and pest control
were above average, and that water quality was adequate. Obviously, there is plenty of room that might
allow for your actual yield to differ from that predicted by the model. Ideally, this model would be
used in conjunction with other yield-related information as it becomes available during the season such
as apparent nut set, early and late season field measurements such as nut abortion, and blanking and

nut quality observations such as percent nut split, to increase the information base available to further
refine yield estimates.
For ease of calculation, I produced an Excel spreadsheet that will calculate your predicted yield
using the equation of this model if you input your values as measured in your orchard(s). The intercept
and coefficients of the variables appear in an equation in one of the hidden columns of the Excel
spreadsheet. You can ‘unhide’ the column if you wish to see the equation. I ‘hid’ the column to
reduce the chance of users accidentally deleting or changing the equation that estimates yield. The
spreadsheet is available at http://cekern.ucanr.edu/files/260338.xlsx . If you have any questions on how
to use the spreadsheet do not hesitate to contact me at cekallsen@ucanr.edu or by phone at 661-8686221.

Better Safe than Sorry?
With the continued problems with slow-growing, tough to bud, trunk-galling, declining and dying
pistachio rootstocks, both clonal and seedling, I am becoming hesitant to suggest that growers plant
pistachio at all. Granted, we have a majority of nurseries that have not had problems with their
rootstocks, either clonal or seedling, and many orchards continue to go in the ground and grow
normally. However, until we can better explain the mechanism of infection and other possible causes
of these symptoms and poorly performing trees, how does one lessen the risk in choosing a rootstock?
Based on my discussions with several researchers active in this area of research, the basic problem
with some clonal, and possibly seedling, rootstocks, appears to be related to Rhodococcus (Rf)
bacterial infection. That Rf can cause many of the problems we are seeing in the field has been
documented in recent ongoing and as yet unpublished research, as well as in published and
anonymously, peer-reviewed scientific publications (the gold standard for scientific work). In my
opinion and, more importantly, in the opinion of several of those working closely with this problem,
judging by the almost 100% of trees affected and the degree of decline in some young orchards,
whatever is causing the worst of the symptomology with these trees, appears to occur early in the life
of clonal and seedling trees at the nursery. It is not a problem originating in growers’ orchards. For
such a high percentage of trees to be affected so early in the growth of the orchard, a hypothesis,
shared in some form by several researchers working with Rf, is that the worst of the symptoms must
begin when that little piece of tissue is being turned into a complete plant in the test tube or, possibly,
with seedlings when the seed is first germinated or very shortly thereafter. Exposure of older trees to
Rf does not appear to be associated with the risk to tree growth and productivity that early infection
entails. Generally, I try to avoid discussing hypotheses prematurely, but, with the lack of scientific
data, the current pace of research with this difficult organism, and the continued collapse of orchards,
we need to talk, now, about ways to lessen the risk of losing thousands of dollars per acre related to
this problem. Many growers have suffered huge losses without even knowing this risk existed. Some
growers are already working on the complete removal of their second set of collapsing rootstocks.
With what we currently know, and even if Rf is not thought to be the causal agent by some researchers,
I believe that it would be prudent for those involved in producing pistachio rootstocks, both seedling
and clonal, to make every effort to insure that their propagative plant material, clonal growth media,
facilities and media for stratifying and germinating the seed and irrigation/misting systems are not
contaminated with Rf bacteria. Growers would not be amiss in asking their nursery rootstock suppliers
how they are ensuring that their rootstocks have not been contaminated with Rf bacteria. For those
still interested in planting new blocks of pistachios, buying older, pre-budded trees that exhibit
observable good size and vigorous growth of the scion, to me, would be prudent until we can get a
better handle on this problem. I realize that the pistachio industry is not, generally, set up to produce

nursery-budded trees, but in the absence of knowing how to prevent the problems we have been seeing,
sufficient damage has been done to the industry that suggests we should be moving in this direction.

Drying Weeds Mean More Pests on and around Pistachios
The high rainfall this year produced a record crop of weeds and/or fodder (depending upon your
perspective). As this growth dries, insects, especially the true bugs, will be looking for something
green (like pistachios) to move to. Large populations of insect pests may also develop on weeds
growing on your own property and a disking, mowing or herbicide treatment may result in a migration
from the weeds to your trees. There are a number of insects that can cause some real and lasting
damage to delicate new buds pushing from late season or dormant grafting last fall, including darkling
and other beetles, ants and various moth species. The False Chinch bug, other small bugs and
grasshoppers can appear suddenly on trees of any size, and begin removing sizeable portions of your
tree canopies and developing nutlets. Read up on some of these at:
http://ipm.ucanr.edu/PMG/r605300211.html , http://ipm.ucanr.edu/PMG/r605300711.html ,
http://ipm.ucanr.edu/PMG/r605301211.html .
More weeds also means more voles, ground squirrels and gophers. Be prepared to deal with more of
these invaders too.
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