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In June we visited a first-leaf almond orchard that had 
started the season growing normally, but as the root 
system expanded, the treesô growth became rapidly 
stunted (fig 1).  The newly expanding shoot tips showed 
ólittle leafô symptoms (fig 2) characteristic of glyphosate 
injury, with an incredible proliferation of shoots (fig 3) 
growing from the same point on the scaffolds.   
 
After investigating crop rotations, we learned that the 
trees showing symptoms had followed alfalfa newly 
planted the previous year that had been removed after 
only one year.  Trees from the same nursery and farmed 
by the same grower were planted on the other half of the 
ranch in ground following three years of alfalfa (planted 
in 2009) but did not show any symptoms.  The trees 
showing injury were planted 12 months after the herbi-
cide imazethapyr (Pursuit) was used.  Pursuit is a widely 
used herbicide in seedling alfalfa.  Uptake of the herbi-
cide occurred following the most recent irrigation where 
herbicide mobilization and expanding roots came into 
contact.   
 
Documented symptoms of imazethapyr injury include 
stunted growth, small leaves, and the formation of ad-
ventitious buds and multiple shoot growth. These symp-
toms can occur as early as 14 days after use or remain 
in the soil for months after application and still be a prob-
lem.  Imazethapyr is an amino acid synthesis inhibitor 
herbicide that can persist in soil for up to 40 months de-
pending on irrigation practices, crop rotations, and soil 
pH.  Crop rotation restrictions range from 0 days to 40 
months and are specific for the crop being planted.   
 
Typically, Pursuit is not used on 2

nd
 and 3

rd
 year alfalfa 

because of its soil persistence issues having the poten-
tial for injury to subsequent crops.  Nutsedge and other 
weeds were noticeably absent from the block treated 
with Pursuit which is not surprising, since it does have 

Pursuit Herbicide Injury to    

Almond  

excellent broadleaf weed control capabilities.  Young 
almonds are clearly susceptible to imazethapyr and 
other herbicides with a similar mode of action and al-
monds should not be planted following their use unless 
label restrictions are thoroughly reviewed and fully met.   
 
Brent Holtz, Farm Advisor and County Director 
Mick Canevari, Farm Advisor Emeritus 

Figure 1.  Stunted trees Figure 2.  Little leaf symptoms 

Figure 3.  Shoot proliferation 
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Figure 1B.  Side blight Figure 1A.  End blight Figure 1C.  End & side blight 

Walnut Blight: What went 
wrong this season?  

Some walnut orchards experienced dramatic nut drop in 
June and July due to walnut blight. Vina orchards seem 
to be the worst affected, but orchards of other varieties 
also saw significant disease and crop loss. Two aspects 
of this problem are interesting and provide some clues to 
the possible causes and suggest corrective actions that 
should be considered in the future: 
 

1. Disease incidence and severity is highly variable. 
Even for hard-hit varieties like Vina or Serr, some 
orchards have very little blight and some have a lot. 
This suggests that differences in blight severity 
among blocks have as much or more to do with dif-
ferences in management and weather than with 
varietal susceptibility. 

 

2. The majority of dropped nuts have blight lesions that 
appear to have originated from ñend blightò (Fig 1A), 
where the initial infection occurred at the blossom 
end of the nut. End blight infections are more typi-
cally the result of early season (e.g. March and April) 
infection events from bacteria overwintering in buds 
whereas ñside blightò lesions (Fig 1B) tend to occur 
when later season (May and June) rain events move 
bacteria around from previously infected nuts to oth-
ers.  End blight infections are also much more likely 
to spread to the kernel (and eventually cause the nut 
drop) than side blight. These observations suggest 
that the heavy drop we are seeing had more to do 
with conditions and blight control programs in place 
early in the season than later.  

 

So, what went wrong this year and what can be done 
better next year? 
 

Inoculum levels were very high with record rainfall levels 
in the spring of 2011. This set the stage for the spring of 
2012 when weather conditions were wet and favorable to 
disease from leaf-out of most varieties through the end of 
April.  (Fig 2)  Orchards lacking an effective protective 
copper spray residue any time during this period were at 
risk of disease development. Research and experience 
have shown that ñan effective protective copper spray 
residueò include:  

Using one of many available and effective copper-

containing blight control products at rates (copper 
rates vary by formulation) shown to be effective. Ap-
plication rates on the high end of the range permitted 
by the label give the best disease control.  

 

Tank-mixing copper with Manzate fungicide 
(mancozeb) in all applications. High levels of bacte-
rial copper resistance have now been documented in 
many walnut districts, orchards, and varieties. As 
currently understood, copper-resistant walnut blight 
bacteria have an enhanced ability to protect them-
selves by ñpumping outò copper ions that penetrate 
cell membranes. Manzate disrupts cell membranes, 
overcoming this protective mechanism.  

 

Beginning a program of regular blight applications 
early when pistillate flower emergence occurs. Re-
search has shown the benefits of initiating protective 
sprays when bud break has proceeded to a point 
when 20-40% female flowers are visible or when 
emerging shoots have reached the ñprayer stageò of 
elongation.  Adding an earlier ñbud-breakò or even 
catkin emergence treatment of copper+mancozeb 
plus a bud-penetrating surfactant to kill bacteria over-
wintering inside buds has been shown in some trials 
to provide some benefit, especially in high pressure 
situations, i.e. when the overwintering bud popula-
tions are high and in-season weather conditions are 
favorable to disease.  

 

Maintaining an effective copper+mancozeb residue 
throughout the time when weather conditions favor 
disease. Remember that copper stays on the tissue 
to which it is applied:  Shoots and nuts that emerge 
and/or expand after an application are unprotected 
until copper is applied to them in the next application. 

 

Using full orchard sprays for each application. Alter-
nate row spraying, even in (increasingly  rare) cases 
where growers really do manage to get back within a 
few days to treat the other rows, likely results in a 
considerable number of flowers/nuts with less-than-
optimal copper residues, providing a window for in-
creased population build-up, nut infection and promo-
tion of copper resistant strains in the bacterial popu-
lation.  

 

Joe Grant, Farm Advisor 
Jim Adaskaveg, Plant Pathologist, UC Riverside 

Walnut blight symptoms on developing fruit. A. End blight is typical of early season infections from primary inoculum. B. Side blight is 

typical of later season infections from secondary inoculum spreading from infections of end-blighted fruit; and C. End and side blight 

on the same nut.  
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Prior to beginning as the Delta Crops Resource Manage-
ment Advisor, I worked on projects to improve soil quality 
and crop productivity in orchard systems.  As part of 
those projects, I explored the history of soil conservation 
policy in the United States.  From Jefferson and the phi-
losophy of Manifest Destiny, to Lincoln and the signing of 
the Homestead Act, moving westward to settle and farm 
has been part of our national history.  In the 1920s and 
1930s, however, we learned that even the new frontier 
had its limitations.   
 
In 1929, as a result of the Great Depression, commodity 
prices plummeted, and President Roosevelt signed the 
Agricultural Adjustment Act as part of his New Deal pro-
gram.  The act allowed the United States Department of 
Agriculture to pay farmers to take land out of production 
in an effort to reduce crop surpluses and control prices. 
Additionally, he signed the Soil Conservation Act in 1935, 
establishing the Soil Conservation Service (SCS), re-
named the Natural Resources Conservation Service 
(NRCS) in 1994.  The SCS was created in response to 
the Dust Bowl, when giant dust clouds billowed from the 
Midwest to as far as Washington D.C. and the Atlantic 
Ocean. 
 
Given the economic and environmental challenges of the 
time, it was common to use soil conservation as a cloak 
for commodity-control policies.  The Soil Conservation 
and Domestic Allotment Act (1936) was the first of these 
commodity-control policies disguised as soil conservation 
policy.  It supported soil conservation only to the extent 
that it paid growers to take poor quality land out of pro-
duction, but it was intended to reduce crop surpluses and 
mitigate falling commodity prices.  

Soil conservation and commodity-control policies were 
entwined until the 1970s, when prices sky-rocketed.  Sec-
retary of Agriculture, Earl Butz, was known to say ñget big 
or get outò and ñplant fencerow to fencerowò.  Policies to 
encourage soil conservation were essentially abandoned, 
and it was not until the mid-1980s that they were given 
attention again.  The 1985 Farm Bill included payment 
programs for conservation, and conservation tillage 
gained wider adoption.  Funding for conservation pro-
grams has been an important part of subsequent Farm 
Bills, but we will wait and see how it fares in the Farm Bill 
currently under debate. 
 
With that as background, what should be recognized is 
that soil conservation policy traditionally focused on re-
ducing soil erosion.  We know that soil degradation goes 
beyond erosion to include salinity, acidity, nutrient limita-
tions, subsidence, among other problems.  In 1993, the 
National Research Council emphasized the importance of 
conserving and enhancing soil quality because it is linked 
with air and water quality.  
 
One of my exciting challenges in this new position will be 
working on projects to maintain and enhance soil quality 
and crop productivity in the Delta.  Conservation tillage 
may be a tool in the toolbox.  In the next article, I de-
scribe different conservation tillage practices and elabo-
rate on some ideas for the Delta.  
 
Michelle Leinfelder-Miles, Farm Advisor, Delta Crops 

Soil Conservation: A Historical 
Look  

Figure 2.  Spring 2012 daily high and low temperatures and rainfall for Linden 
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Conservation Tillage: Classifica-
tions and Examples  

Tillage may be categorized based on the number of op-
erations performed and the amount of residue left cover-
ing the soil surface.  Conventional tillage is defined by the 
Conservation Technology Information Center as tillage 
that incorporates most crop residue, leaving less than 30 
percent of the soil surface covered with residue after 
planting.  Conventionally tilled field corn in Californiaôs 
Central Valley, for example, may have 18 soil-disturbing 
operations performed from land preparation through to 
planting and cultivating.  These operations make for good 
soil-to-seed contact and efficient furrow irrigation, but 
they require fuel and labor, generate dust, and can re-
duce soil tilth. 
 
Conservation tillage is defined by the NRCS as maintain-
ing at least 30 percent soil surface coverage, reducing 
the volume of soil disturbed in order to lessen erosion by 
water and wind.  No-tillage, strip-tillage, ridge-tillage, and 
mulch-tillage are types of conservation tillage.  In a no-till 
system, the soil is only disturbed by fertilizer injection and 
seeding.  In strip tillage, the seed row is tilled prior to 
planting, but less than one-third of the soil surface is dis-
turbed. Residue is cut and short beds are formed ahead 
of the planting shoe in ridge-tillage, but again, the soil is 
generally untouched between harvest and planting. 
Mulch-tillage would be any other conservation tillage sys-
tem that maintains 30 percent or more of the surface cov-
ered with residues. 
 
Additionally, researchers with UC Cooperative Extension 
have defined another term ï minimum tillage ï as 
a 40 percent reduction in tillage passes com-
pared to operations in 2000.  The reduction in 
passes has been shown in some systems to 
save fuel and labor costs, reduce dust and soil 
disturbance, and maintain yields.  A successful 
example comes from a 12-year tomato-cotton 
rotation at the UC West Side Research and Ex-
tension Center in Five Points.  In that study, till-
age passes were reduced by 50 percent in the 
tomato rotation and 40 percent in the cotton rota-
tion, which saved, on average, $70 per acre in 
fuel, labor, and repairs. Additionally, both crops 
yielded as well or better under reduced tillage. 
 
I recently saw an example of reduced tillage in 
dairy silage corn production. The fields were con-

ventionally prepared except that they were not bedded 
up; the corn was seeded flat (Figure 1).  The field is flood 
irrigated, similar to alfalfa with border checks (Figure 2). 
By seeding flat and primarily using herbicide weed con-
trol, the grower is able to eliminate at least two soil-
disturbing operations.  
 
In the Delta, reducing tillage could help to lessen soil sub-
sidence by reducing the rate of oxidation of peat and 
minimizing wind erosion.  The NRCS classifies soils 
based on their susceptibility to wind erosion.  Wind Erodi-
bility Group 1 (WEG1) soils are highly erodible, and 
WEG8 soils are not susceptible.  Much of the primary 
Delta is classified as WEG2, which means that the soils 
are quite susceptible.  Maintaining surface residues could 
help to lessen their susceptibility to wind erosion.  
 
More research is needed to understand the effects of 
reduced tillage on soil properties and crop productivity in 
a variety of crop rotations and soil types.  UC farm advi-
sors and specialists, in cooperation with growers, have 
conducted on-farm research projects in order to better 
understand the pros and cons of conventional, conserva-
tion, and minimum tillage.  Additionally, we survey grow-
ers every two years to know how widely conservation and 
minimum tillage practices are employed.  This year is a 
surveying year.  If you employ conservation or minimum 
tillage, I would be interested in hearing from you, visiting 
your operation, and including your acreage in the survey. 
Please give me a call. 
 
Michelle Leinfelder-Miles, Farm Advisor, Delta Crops 

Figure 1. 

Figure 2. 


