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tions and penalties for poor fruit 
quality. In the winery, fruit from 
infected plants has reduced soluble 
solids and increased titratable acid-
ity, which impacts wine quality. 
Research data has shown leafroll-
related yield reductions of 50%, and 
sugar-level reductions up to 20%, 
compared with healthy vines at the 
same sites. Leafroll-affected grapes 
tend not to fully ripen and the result-

v i ra l  scourge has 
been sta lk ing the 
grapegrowing regions 

of the world: the virus 
that causes grape lea-
froll disease, or GLD. 
Symptoms of GLD in 
grapevines were first 
described in 19th-cen-
tury Europe; however, it 
was not until 1979 that a 
specific type of filamen-
tous virus was identified 
in leafroll-infected vines. 
Nine different grapevine 
leafroll-associated virus-
es (GLRaVs) have been 
identified, with GLRaV-3 
the most common and 
widespread. 

F o r  t h e  g r o w e r, 
the virus causes yield 
reductions, poor fruit 
quality and reduced vine 
vigor. Managing the dis-
ease begins with plant-
ing certified, virus-free 
vines followed by vigilant roguing, 
or removing infected vines. Since 
the virus cannot be confirmed 
without laboratory testing, a new 
technique that combines hyper-
spectral imaging with aerial map-
ping can aid the management of 
GLD in the vineyard.

The estimated economic impact 
of leafroll disease in wine grapes 
varies, depending on yield reduc-

BY JAMES GIESE

ing wine can have color 
loss, high acidity and 
reduced complexity.

A recent survey in 
California, published by 
a team of researchers 
from Cornell University 
and the University of Cal-
ifornia, indicates that the 
costs of grape leafroll 
disease in red varieties 
can range from $20,000 
to more than $200,000 
per hectare (1 hectare = 
2.47 acres), if entire vine-
yard blocks need to be 
removed and replanted.

Due to its economic 
importance, scientists 
from UC Berkeley, UC 
Davis,  UC Riverside 
and UC Cooperat ive 
Extension have been 
researching leafroll dis-
ease solutions in Cali-
fornia for many years. 
In 2009, vineyard con-

sultant Dr. Phillip Freese of Wine-
Grow approached Drs. Matthew 
and Melissa Staid of VineView Sci-
entific Aerial Imaging in Angwin, 
Calif., to ask if they could develop a 
method to remotely detect leafroll. 
After discussing the possibilities 
and some preliminary field work, 
Freese introduced the Staids to Dr. 
Monica Cooper, UCCE farm advisor 
for viticulture. 

Detecting Grapevine Leafroll 
from the Air
New technique combines hyperspectral imaging with aerial mapping

Leafroll disease in red varieties can cost many thousands of dol-
lars per acre if entire vineyard blocks need to be replanted.

Over the past several years, 
VineView has been comparing its 
technique and results to field map-
ping and laboratory tests conduct-
ed by Cooper, as well as several of 
the company’s clients. The com-
pany made the service available to 
growers commercially in the fall of 
2014. (The per-acre cost varies, but 
company officials say it is compa-
rable to the cost of replanting just a 
few vines.) 

“Our preliminary work was done 
on the ground using a hand-held 
hyperspectral instrument to mea-
sure diseased and non-diseased 
vines and leaves,” Cooper said. 
“We detected a spectral signature 
for GLRaV-3 in Cabernet Sauvignon 
consistent with published research. 
In our next phase, we transitioned 
to imaging with an airborne camera. 
We worked in four vineyards in 2013 
and nine vineyards in 2014. In each 
vineyard, ground surveys recorded 
the incidence of visual symptoms of 

AERIAL IMAGING AIDS 
MANAGEMENT

The positive, rapid and accu-
rate aerial imaging techniques 
being developed by VineView and 
tested by Cooper offer several 
advantages in managing the dis-
ease over more traditional detec-
tion methods. Biological indexing, 
which is widely used in clean plant 
programs as a fundamental assay 
for identifying GLD viruses, can be 
a two- to three-year process. The 
rapid detection of GLD virus using 
ELISA (enzyme-linked immunosor-
bent assay) or molecular assays can 
involve extensive sampling, mak-
ing it challenging to employ across 
large vineyards.

“The reason we initiated this 
work is to help growers find a cost-
effective, reliable and automatable 
method for mapping the incidence 
of leafroll disease in their Caber-
net Sauvignon vineyards,” Cooper 
said. “Removal of diseased vines 
is a critical part of leafroll disease 
management in our region and 

disease; hyperspectral maps gener-
ated by VineView recorded disease 
incidence from the air.

“We are in the process of analyz-
ing and comparing data generated 
from visual (ground) vs. hyperspec-
tral (airborne) mapping to minimize 
inconsistencies and optimize the 
process of aerial imaging. We are 
also using laboratory testing to con-
firm the virus status of a percent-
age of vines at each site.”

Visual identification of the dis-
ease is unreliable and can be com-
plicated for vines with mixed virus 
infections. Foliar symptoms of 
GLD are apparent during late sum-
mer and fall, vary with cultivar and 
are usually most conspicuous in 
red-fruited vinifera cultivars, with 
reddening of leaves in addition 
to cupping and primary leaf veins 
remaining green. In white-fruited 
vinifera cultivars, symptoms are 
less pronounced, consisting of 
slight leaf chlorosis and cupping. 
Also, nutritional disorders, mechan-
ical damage and other stresses can 
mimic foliar GLD symptoms.

+ A new aerial imaging tech-
nique, tested by UCCE Farm 
Advisor Dr. Monica Cooper, 
aids in managing grapevine 
leafroll disease.

+ The practice of identifying 
diseased vines requires 
crews to be highly trained 
to recognize symptoms. 
This tool uses aerial hyper-
spectral imaging to auto-
mate the process.

+ Aerial maps identify the 
location of infected vines, 
help locate the origin of the 
disease and direction of 
spread, and determine the 
overall amount of infection.

+ To date, the work has 
focused on Cabernet 
Sauvignon vineyards, 
but researchers hope to 
explore whether other dis-
eases show unique hyper-
spectral signatures.

AT A GLANCE
Melissa Staid of VineView (left) and Emily Kuhn, former assistant to Dr. Monica Coo-
per, measure the reflectance of diseased and healthy leaves using a handheld spec-
trometer. Photo: Monica Cooper, UCCE
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2014 GreGoire G8
Low hours, like NEW condition, 
sold with new warranty. Twin 

1600L bins, four fan cleaning sys-
tem, ice wine belt heaters, comfort 

cab, ultra gentle picking head.

$225,000 USD

NEW LISTING!

DELIVERY, LEASING & FINANCING AVAILABLE!

2012 GreGoire G65
ONLY 50 HOURS!!  Sold as new 

with warranty. Like NEW!  Delivery 
available anywhere in Canada or 

continental USA. 

 WAS $135,000 
NoW: $105,000 USD! 

2010 GreGoire G2 W/SortinG
Low hour trade with on board Cleantech 
Vario Sorting (removes 98.5% of MOG!). 

Twin 1500L stainless bin, auto steer, joystick 
control, drive assist, perfect cond! Head pinch 

control, slope correction.

$120,000 USD - 2 UnitS avail. 
inclUDeS Delivery & Warranty!

2001 GreGoire G108
Incredibly maintained high volume gentle 

bow rod picking machine.  Wide throat with 
discharge arm and 1200L storage bin. 3400 
eng hours & 1400 picking head hours. 28% 
slope correction & cab, head pinch control  

$135,000 USD w/warranty! 
available october 2015

2004 GreGoire G152 Sprayer
Twin 1500L bin, four fan cleaning system, 

icewine heater kit, ultra gentle picking 
head.  Available with 2013 Four Row 

2000L sprayer and rate monitor (can be 
sold separately). SoLd wiTh wARRAnTy.

$120,000 USD (HarveSter) 

$45,000 USD (Sprayer)

2001 GreGoire G170
2850L central bin, ultra gentle picking 
head, slope correction, comfort cab, 

incredibly maintained  
(Falk Farms) Field ready, delivery 

available! 

$90,000 USD

2005 Orchard-rite® 2500 
Hours range from 500-650, 

centrifugal clutch, auto start units, 
10 acres coverage, Chev 454  

engines, well maintained. 

$18,500 USd - 7 UnitS left

2005 Orchard-rite® 2500 
Hours range from 300 - 500, manu-
al clutch, auto start units, 10 acres 

coverage, Chev 454 engines, 
well maintained. 

$20,000 USd – 10 UnitS left

STRONG U.S. DOLLAR EQUALS 

HUGE EQUIPMENT SAVINGS

1999 Korvan 
Harvester

Wide throat, high 
productivity machine. 

Three wheel drive, 
open station, discharge 

arm.  Very well 
maintained machine.

$75,000 UsD

2007 
Orchard -rite® 

2600 
Hours range from 

100-300, centrifugal 
clutch, auto start units, 
13-15 acres coverage, 

Ford V10 engines, 
well maintained. 

$23,000 USd  
19 UnitS left

Staid said. “We use scientific cam-
eras to collect images in specific 
wavelengths of light sensitive to 
the chemistry and physical proper-
ties of the vines – some not visible 
to the human eye. 

“We started collecting measure-
ments of GLD-infected vines using 
a field spectrometer in 2009 to 
identify how the spectral properties 
of leafroll disease could be uniquely 

worldwide. Additionally, economic 
decisions on whether to remove 
individual vines or to redevelop 
the entire vineyard block are often 
based on rates of disease inci-
dence. The practice of identifying 
diseased vines requires that crews 
be highly trained to recognize 
symptoms under field conditions 
and distinguish them from other 
maladies. Our hope is that using 
hyperspectral imaging to automate 
this process will increase efficiency 
and reliability.”

VineView has been providing 
calibrated vigor mapping of vine-
yards in California and the Pacific 
Northwest for 12 years, and in the 
past few years, the company has 
focused on developing more diag-
nostic products for vineyards.

“In particular, we have devel-
oped a leafroll (GLD) mapping prod-
uct which utilizes hyperspectral 
cameras to look for specific signa-
tures that are diagnostic of GLD,” 
said VineView co-founder and presi-
dent Matthew Staid. “Rather than 
just looking in a few wavelengths 
of light, this type of camera uses 
hundreds of wavelengths to iden-
tify the vines that are most likely 
to be infected with GLD.” He has a 
degree in engineering from Cornell 
University and a Ph.D. from Brown 
University, and has developed 
remote sensing techniques for a 
wide range of scientific and agricul-
tural applications.

“Our imaging for agricultural 
management is very different from 
traditional aerial photography,” 

identified using this type of remote 
sensing technology. Three years 
ago we started flying an imaging 
version of this instrument – the 
hyperspectral camera – in our 
planes to collect similar informa-
tion from the air. We spent sev-
eral years comparing the results to 
field mapping and laboratory tests 
conducted by Monica Cooper and 
several of our clients before mak-
ing the service available to growers 
commercially last fall.”

 According to Staid, the grower 
or winemaker can easily see which 
blocks are most affected by GLD 
and which vines might become 
infected in the next year or two. 
“This information can be used to 
segment the harvest and relegate 
the grapes from infected vines to 
lower-price-point wines,” he said, 
“while preserving the quality of the 
unaffected grapes.” 

Although there is no cure for 
GLD, management strategies 
can limit its spread and economic 
impact. If the infection is caught 
early, affected vines can be rogued, 

This shows how the aerial leafroll map can track the spread of the virus from its ori-
gin (in this case, likely the neighboring block), and demonstrates how early detection 
can be used to limit the spread by vine removal. Photo: VineView
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which may be the best option for 
preserving a vineyard. Vigilant rogu-
ing has been a successful approach 
to maintain vineyards produc-
ing premium wine. Aerial imag-
ing, used over consecutive years, 
can be used to evaluate the rate 
of spread. Once the infection has 
spread to greater than 20% or 25% 
of the vines, vineyard removal is 
often required.

CONTINUING WORK

The most efficient management 
strategy for control of GLD is to 
ensure that all planting material 
originates from virus-tested, certi-
fied clean vine stocks followed by 
post-planting management, insect 
vector control and removal of dis-
eased vines. The aerial imaging 
technique developed by VineView 
and verified by Cooper offers the 
grower an important new tool for 
managing GLD.

“As they say, a picture is worth 
a thousand words and a map view 
of the GLD infection can be very 
revealing,” Staid noted. “In addi-
tion to identifying the location of 
infected vines, the maps can help 
locate the origin of the disease and 
direction of spread, as well as the 
overall amount of infection.”

Cooper is continuing her research 
on the technique and would like 
to extend it to other varieties. “To 
date we have focused our work in 
Cabernet Sauvignon vineyards with 
GLRaV-3,” she said. “We would like 
to extend this work to other variet-
ies. In the future, it would also be 
great to explore whether other dis-
eases or disorders show unique 
hyperspectral signatures.” 

 
James Giese has reported on agri-
culture and food science for more 
than 20 years. Based in Madison, 
Wis., he is a former editor at the 
American Society of Agronomy and 
the Institute of Food Technologists, 
and worked as a food technologist 
with ConAgra. Giese tweets sus-
tainable agriculture and food sci-
ence news at @agsciencewriter.

Comments? Please e-mail us at 
feedback@vwmmedia.com.
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West Coast :
81 M Street
Fresno, CA 93721
Tel: 559.485.2692

Midwest :
1401 Ware Street
Waupaca, WI 54981
Tel: 715.258.5525

The Wine LabTM :
640-D Airpark Road
Napa, CA 94558
Tel: 707.224.7903

East Coast :
1165 Globe Avenue
Mountainside, NJ 07092
Tel: 908.301.1811

Gusmer Sonoma Store :
9025 Old Redwood Hwy, Ste C
Windor, CA 95492
Tel: 707.836.1056

NEW

The Revolutionaries Behind Wine’s Visionaries

Malolactic Bacteria,
Non-Saccharomyces Yeasts

Fermentation Nutrients

Membrane Cartridge Filters,
Laboratory Consumables

OenoFoss - FTIR Analytical Instrumentation

 Filter Sheets, Lenticular Cartridges,
Cellulose Pre-Coat Fibers

Cross Flow Filters, RO Systems

Liquid and Granular Enological Enzymes

Oak-Mor®/Oak Avantage® Chips
and Granular Oak

www.gusmerwine.com
sales@gusmerenterprises.com

CO2 Analytical Instrumentation

Wine Hose & Spray Nozzles

At Gusmer, we know the wine you create
is just as unique as you are.

Portable Ozone Systems

H2S Preventing Saccharomyces Yeasts

Lysozyme

For  over 90  years,  Gusmer  has  o�ered  a  full  range  of  
innovative enological  tools  that  enable  your  creative  
expression through unique and interesting wines.  
Equipment, analytical instruments and processing aids 
brought to you from leading suppliers in the wine industry,  all  
backed  by  strong  Gusmer technical support.  The options for 
expression have never been greater and the tools have never 
been better – so go ahead, be unique, express yourself.
For more information, contact Gusmer today.


