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Research Note

LONGEVITY OF FERRIC AMMONIUM CITRATE
TREATMENTS IN OAK
by E. Thomas Smiley1 and Larry G. King2

Iron deficiency is a serious problem on oaks in
alkaline soils. When iron deficiency is severe, it
may limit life expectancy and predisposes trees
to secondary pests such as anthracnose and
Armillaria root rot (personal observation).

The main cause of iron deficiency is alkaline
soil, which limits the availability of iron in the
soil. Solubility of iron decreases by a factor of
100 for each pH unit increase. Foliar symptoms
appear as interveinal chlorosis, interveinal
necrosis, and branch dieback (Wallace and
Lunt 1960).

Acidifying the soil or adding chelated iron can
be effective treatments (Hacskaylo and Struthers
1959; Neely 1976; Whitcomb 1987). Injection of
an iron solution into the xylem also has been ef-
fective (Himelick and Himelick 1980; Neely 1980;
Harrell et al. 1984; Harrell et al. 1988, ). Trunk
injection is often the preferred treatment on highly
buffered alkaline soils that are resistant to pH
change and where the cost of treatment is a
major factor. While the efficacy of these treat-
ments is not in doubt, their longevity is often only
1 or 2 years.

This trial was established to monitor the effi-
cacy and longevity of xylem-applied iron treat-
ments, which use a higher rate of iron than is
found in most commercially available products.

Materials and Methods
Street trees in Highland Park, Illinois, with sus-
ceptibility to iron deficiency were annually rated
according to foliar symptoms. The foliar rating
system used to evaluate the degree of iron defi-
ciency symptom was: 0 = healthy tree, no visual
chlorosis, 1 = leaves off color green, 2 = leaves
yellow with green near veins, 3 = leaves uniformly
yellow, little necrosis present, 4 = leaves necrotic
in interveinal areas, 5 = dead branches as a re-
sult of chlorosis. Each year for 6 years, trees with

a foliar rating equal to or greater than 3 were se-
lected for treatment.

Injections were made on the lower trunk and
root flares using a water-based solution of ferric
ammonium citrate (FAC) and urea. Application
rate was 1.0 g FAC, 0.27 g urea, and 150 mL of
water per cm of trunk diameter measured at 1.4 m
(diameter at breast height, dbh). Injections were
made into 5 mm (7/32 in.) holes using Save-A-
Tree® injectors (St. James Tree Service Ltd.,
Winnipeg, Manitoba, Canada) connected to a 3-
gal compressed air sprayer (Solo Corp., Newport
News, Virginia) at 0.1 MPa (15 psi) of pressure.
On average, there were 0.6 injectors per cm of
dbh; because most injectors were applied to the
root flare, the distance between injectors varied
depending on root configuration. All applications
were made between September 20 and Decem-
ber 30 when temperatures were above freezing.

The foliar condition of all trees was rated prior
to treatment and monitored up to 5 years. Fif-
teen red oaks {Quercus rubra) and 206 white oaks
(Q. alba) were treated between 1990 and 1995
(Table 1) and were rated between 1990 and 1996.
Data from all injection dates were pooled to elimi-
nate the effects of single-year extremes in rain-
fall and temperature. Means of the pretreatment
rating were compared to post-treatment ratings
using a paired T-test.

Table 1. Number of red oak (Quercus rubra) and
white oak (Q. alba) trees treated with ferric ammo-
nium citrate and urea.

Year

1990
1991
1992
1993
1995
Total

Red oaks

2
5
5
1
2
15

White oaks

17
71
97
20
1
206
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Results and Discussion
There were significant improvements in foliar
condition following injections (Table 2 and
Table 3). The mean rating for white oak went from
3 (uniformly yellow), to between 1 and 2 (off-color
green) the first year after treatment. The mean
rating for red oak went from class 3 to between 0
and 1 (slightly off-color green) during the same
time period.

The single treatment maintained significantly
better ratings for 4 years in both the red and white
oaks. In the fifth year after white oak treatment,
the color ratings were no longer statistically sig-
nificant. However, even in the fifth year, the mean
rating was one class better than at the beginning
of the trial.

Summary
Iron deficiency is usually caused by high soil pH.
Planting tolerant species or treating the pH prob-
lem directly are the preferred methods for man-
aging this problem. However, altering the pH of a
calcarious soil can be a lengthy and costly exer-
cise. Trunk injection of ferric ammonium citrate
and urea provides a quick, dramatic, and long-
lasting reduction in symptoms of iron deficiency
of both red and white oak. In addition, the low
price of the materials (less than US$ 0.20 per in.
of trunk diameter) also makes this an economi-
cal treatment.

Table 2. Foliar chlorosis rating (0 = healthy, 5 =
dead branches) of 206 white oaks (Quercus alba)
prior to (year 0) and after trunk injection with a
combination of ferric ammonium citrate and urea.

Years after
treatment

Number of
trees

0
1
2
3
4
5

206
206
97
103
60
12

Mean foliar
rating

3.3
1.5*
1.7*
1.8*
1.8*

Table 3. Foliar chlorosis rating (0 = healthy, 5 =
dead branches) of 15 red oaks (Quercus rubra)
prior to (year 0) and after trunk injection with a
combination of ferric ammonium citrate and urea.

Years after
treatment

0
1
2
3
4

Number of
trees

15
15
8
7
5

Mean foliar
rating

3.3
0.8*
1.4*
1.6*
1.0*

•Significantly different from the pretreatment foliar rating
using a paired sample T-test (P< 0.05).

•Significantly different from the pretreatment foliar rating
using a paired sample T-test (P < 0.05).
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Resume. La deficience en fer est un facteur limitatif pour
la croissance des chenes en sol alcalin. Des injections dans
le xyleme de citrate d'ammonium ferrique et d'uree ont ete
appliquees pour en reduire la manifestation des symptomes.
Les applications ont grandement reduit les symptomes la
premiere annee et ont permis de maintenir les arbres en
bonne condition pour au moins cinq annees.

Zusammenfassung. Der Eisenmangel ist ein
begrenzender Faktor fur das Wachstum von Eichen auf
alkalischen Boden. Eine Injektion von Ferroammoniumcitrat
und Urea in das Xylem wurde zur Reduktion von Sumptomen
angewendet. Die Behandlungen verminderten groBenteils die
Symptome im ersten Jahr und erhielten die Baume fur
mindestens funf weitere Jahre in guter Kondition.


