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Abstract

Mouse ear (leaf curl, little leaf, squirrel ear) disorder has been a problem in coegtaivarriver birch Betula nigra L.) for several

of a witches-broomThe leaves are small, wrinkled, are often darker green in, @@®rommonly cupped and have necroticgimat
Plants grown in soil rarely express the disarlerial was initiated in June 2003 to determine if a deficiency of nickel was the cause of
mouse-ear on river birch. Symptomatic river birch tr@&stua nigra ‘BNMTF’ Dura-Heat™) in their second growing season in #15
containers were selected for uniformity of size and mous@reatments included a 1) control, 2) 789 ppm Ni sprays, 3) 394 ppm Ni
sprays, 4) 0.005 Ibs Ni/yas a drench, 5) 26 g/pot triple superphosphate (0-46—0), and 6) 130 g/pgaMitarNickel was applied as
nickel sulfate, whereas triple superphosphate and déitite contain trace amounts of nickl16 days after treatment, up to 5 cm of
new growth was evident on plants sprayed with nidkglty days after treatment shoot length increased up to 60%, leaf area increased

80 to 83%, and leaf dry mass increased 76 to &l¥plants sprayed or drenched with nickel sulfate. Plants treated with trjple
superphosphate or Milganite did not resume normal growdtll. plants treated with nickel sulfate in 2003 did not show symptoms|of
mouse ear after initiation of growth in 2004. Based on this research mouse ear disorder of river birch is caused by a deficiency of nickel
which can be corrected by foliar or drench applications of nickel sulfate.

Index words: foliar application, mouse ear disordeickel sulfate, river birch.
Species used in this studyBetula nigraL. ‘BNMTF’ Dura-Heat.

Significance to the Nursery Industry noticed in several southeastern states as well as Minnesota,

This is the first research to document that mouse ear diS_Ohlo,.dOre%?n, and/isconsin (6, 14)l'hr(]a problehm has C?‘ﬁsed
order on river birch is caused by a deficiency of nickel. Mouse consiaerablié economic impact in the southeast with some
ear disorder on river birch has become a national problem 9roWers indicating that they plan to drop river birch from

during the past decadghere are approximately 300,000 to productlpn. . . .

400,000 river birch trees grown in the southeastern United 1 he disorder is easy to detect in nurseries as the plants
States annuallyMany growers have dropped river birch from ~aPpear stunted and may appear to have been ‘sheared’ into
production because of the mouse-ear problem. Research idh€ir stunted form (6, 14)Yhe leaves are small, wrinkled,
currently under way to refine methods of application, rates °ften darker green in colcrommonly cupped, and have ne-

of application, cultural practices to assure bioavailability of crotic magi_ns.l Interveinal chlorosris ils gehnerally Iacl|<inghin
nickel, and sources of nickel suitable for use. Being a heavy symptomatic leaves. New growth also has severely short-
gned internodes, giving a witches-broom appearance (Fig 1).

metal, research is needed to determine the safest methods o I h 4 eriophvid mites h b d
application and the lowest use rates possible. Solving the _Plant pathogens and eriophyid mites have been suggeste
as possible causes of mouse bat these have never been

mouse ear problem has substantial economic impact for grow- .
ers across the Unitedages While nickel has been consid-  detected. Non detectable concentrations of sulfonyl-urea her

ered an essential element for some crops, it has never been
recognized as a fertilizeFheAmericanAssociation of Plant :
Food Control Oficials (AAPFCO) approved nickel as a mi-
cronutrient fertilizer irAugust 2004 (Brucé/ood, Research
Scientist, USDA-ARS, Byron, GA, personal communication)
and a commercial nickel product will be available pending
state registrations 2005 (Mark Crawford, OwngNIPAN
LLC, Valdosta, GA, personal communication).

Intr oduction

Mouse ear (leaf curl, little leaf, squirrel ear) has been a
problem in containegrown river birch Betula nigra) since
the 1970s (Larry Edwards$urtle Creek NurseryDavidson,
NC, personal communicatiorijo date mouse ear has been

1Received for publication September 8, 2004; in revised form October 22,
2004.Appreciation is expressed to Mark Crawford and Briémod for
helpful discussions andeévart ChandleMonrovia Growers; Keith Mickler

Grady County Cooperative Extension Service, Biuzker and Nancy Hand Fig. 1. Leaves of riverbirch tree expessing mouse eatisorder. Note
for their assistance with this study shortened internodes, small leaves with crinkled foliage and
2Professar marginal necrosis.
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decadesThe disorder is easy to detect in nurseries as the plants appear stunted due to shortened internodes which give the appearance
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bicides have been suggested as the caus&/f@comb, and trees resumed normal growAlpplication of phospho-
Lacebark, Inc., Slwater, OK, personal communication).  rus (triple superphosphate) to pecan trees also reduced se-
Jefers et al. (6) determined that mouse ear does not appeawerity of mouse ear (18). Phosphorus fertilizers are known to
to be caused by herbicide damage, macronutrient deficiencybe contaminated with nickel (2, 16). Mifiamite is a fertil-

or plant pathogens, while McNamara et all)(fuled out izer product derived from the digestion of sewage sludge
insects, insect-vectored pathogens and the need for viablewhich contains nickel and is used in the preparation of con-
soil microoganisms. Symptomatic plants have been noted tainer substrate§he purpose of this research was to deter
from tissue-cultured liners to #45 containers. Health of the mine 1) if foliar and drench applications of nickel sulfate or
root system appears to be importdmte problem appearsto  2) topdress applications of triple superphosphate or
be correlated with plants that have been in containers for too Milorganite would correct mouse ear disorder on container
long and are rootboundlhe problem occurs in plants grown  grown river birch.

using the pot-in-pot systeWater stress also appears to be

related to the problem. Mouse ear disorder commonly oc- \jaterials and Methods

curs on border rows near the road where the sprinklers do L , i

not provide enough overlap to adequately water the plants A Study was initiated on June 9, 2003\aght Nurseries,

(J. Ruter personal observatioriJhis generally occurs later A Monrovia Grower in 93”9 GA. River birclBétulanigra
in the summer when roots have filled the containers. Con- L+ 'BNMTF’ Dura-Heat™) in their second growing season

tainers on border rows are also exposed to increased solai” #15 (50.6 liter) containers were selected for uniformity of

radiation, which results in reduced root growth and mortal- Size-All plants showed severe stunting and symptoms typi-
ity due to high root-zone temperatures (13). cal of mouse ear disorder on river birch. Plants were treated

dbetween 1 a.m. and 12 p.m. ESinder partly cloudy skies
with an air temperature of 32.2C (90F)eatments included

a 1) control, 2) 789 ppm Ni spray) 394 ppm Ni spray)
0.005 Ibs Ni/yd (150 mg Ni/pot) as a drench, 5) 26 g/pot
triple superphosphate (0—46-0; RoysZark, Inc.,Tifton,
GA), and 6) 130 g/pot Milgranite (Milwaukee Metropoli-
tan Sewerage District, Milwauke#/]). Nickel for treatments
2—4 was from nickel (1) sulfate hexahydrate (certifziS;
Fisher Scientific, Pittsbgr FA). Spray treatments were ap-
plied at ~100 gal/A and included 4.0 Ib/100 gal urea and 4.0
ml/gal SilEnegy surfactant (Brewer Internationafero
Beach, FL).The drench treatment was applied at a volume

Mouse ear disorder has occurred on named cultivars an
seedlings from several sources (I#)e problem occurs on
plants fertilized with controlled release fertilizers and plants
receiving fertigation. Symptoms have been seen on plants
with high and low soluble salt readings, high and low sub-
strate pH, with or without healthy root systems, and early
mid, and late season. Plants may appear free from the disor
der in the fall, but develop the problem when growth resumes
in the spring. 8angely some plants may only show the prob-
lem on one branch, or only certain plants in a block may
show the problem. Symptoms may be uniform thru an entire

block or qite often appear randomly of 500 ml/pot. Both triple superphosphate and Mjéoite

Mouse ear on river birch plants growing in the field is .
rare. Symptomatic plants in the southeast have been associv '€ applied to the surface of the substrate. Plants were ar

ated with high pH soils (14). Several growers have noted ranged utilizing a completely randomized design with six

' . single plant replicates.
symptoms on field grown plants in Oregon (B, Marz_i'l')ie_e Observations were made weekly and plants were rated for
Introductions, Inc.Athens, GA., personal communication).

River birch is intolerant of high pH soils, and in native areas mousegar (plercentage (I)If cando% (sjhowmf? mouse ear S)';r_np-
of Ohio is only found on soils with a pH of 5.5 or less (10). toms). Samples were collecte ays after treatment. Five
; : -’ . stems from each plant were cut back to the point where new
Plants with the problem that are transplanted into the field growth had initiated in 2003. Shoot elongation was recorded
generally grow out of th_e problem W'th'.n one season (14)' then leaves from the five stéms were removed, counted anbl
Plants growing in containers that root into the native soil : ' '

. . run thru an LI-COR 3000 (LI-Cptnc., Lincoln, NE) leaf
either do not express the problem or graw out of the disor area meter to determine leaf area for the composite sample
der This leads me to believe there is an element in native . ; '
soil that we are not supplying via the pine bark-based sub- Leaves were dried for three days at 66C (150F) in a forced-

. ' > . air dryer and dry mass was determined. Specific leaf area
strates and highly refined fertilizers commonly in use today
Research in 2003 1] indicated that adding native soil to was calculated as leaf area/leaf dry mass. Number of leaves

. : : Per unit shoot elongation was calculated as number of leaves/
river birch grown in a peat-based substrate prevented mous . . . :
: . . . mean shoot elongation. Data was subject to analysis of vari-
ear disorder from developing, but the authors did not give a ance using SAS (15) and mean separations were conducted
reason for the response. 9 P

. using Dunnets t-test to compare treatments to a non-treated
Boron, manganese, molybdenum, and zinc were evaluated

oo e T control. Plants were maintained under standard cultural prac-
to determine if foliardrench, and topdress_ applications W.OU|d tices at the nursery through May 2004 so observations could
correct mouse ear symptoms on river b_|rch, but they did not be made on development of mouse ear during the following
(‘.]' Rutey unpubllshed o!ata). C_omblnat_lons of manganese, growing season after application of nickel sulfate.
zinc, and gibberellic acid provided no improvements. Zinc
deficiency has been shown to cause classic little leaf-disor ) )
der onBetula pendula (5). Howeveyrosetting from zinc de- ~ Results and Discussion
ficiency, though similarlooks diferent from mouse ear Within seven days after treatment (DAplants sprayed

Recent research in Geia has indicated that the cause of  with nickel sulfate showed normal leaf grow#ti.16 DAT,
mouse ear on pecan8afya illinoinensis) appears to be a  the same plants had up to 5 cm (2 in) of normal growth, while
nickel (Ni) deficiency induced by high levels of zinc and/or the plants drenched with nickel were beginning to show nor
other metal micronutrients in the soil (1Applications of mal shoot elongatiofter 30 days, all plants treated with
Ni to pecan trees in the fall or spring eliminated mouse ear nickel sulfate had 100% normal growth, where as plants

18 J. Environ. Hort. 23(1):17-20. March 2005
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Table 1. Growth analysis of riverbirch trees Betula nigra ‘BNMTF' Dura-Heat™) in # 15 containers 30 days afteir eatment in 2003.

% canopy Specific Shoot # leaves per

with normal Leaf area Leaf dry leaf area elongation unit shoot
Treatment growth (cm?) mass(g) (cm?g) (cm) elongation
Control 6 44 0.31 138 8.1 5.7
Ni Spray (394 ppm) 100* 263* 1.57* 168* 20.3* 2.3*
Ni Spray (789 ppm) 100* 265* 1.63* 164* 20.2* 2.2
Ni Drench (0.005 Ibs/\@)l 100* 223* 1.27* 176* 17.4* 2.7
Triple Superphosphate (26 g/pot) 2 41 0.33 122 8.6 4.1
Milorganite (130 g/pot) 9 71 0.48 140 10.5 4.2

“Mean separation using Dunnstt-test. Means within columns followed by a * ardatiént from the non-treated control at®.05.

treated with superphosphate, Mdanite and the non-treated  ear disorder on containgrown river birch. Nickel is con-
control still sufered from severe mouse eaafle 1). Plants sidered an essential element for some higher plants (12) and
treated with nickel had an 80 to 83% increase in leaf area, ais required for activity of the enzyme urease. ¢itaal ne-

76 to 81% increase in leaf dry mass, a 53 to 60% increase incrosis associated with mouse ear is believed to be due to the
shoot elongation, and a 16 to 21% increase in specific leaf accumulation of toxic concentrations of urea along the mar
area compared to non-treated control plants (Fig. 2). Num- gins of the foliage (4, 9). In soybeans, the addition of nickel
ber of leaves per shoot was noff@iént among treatments  prevented the accumulation of urea andgima necrosis
(data not shown) whereas number of leaves per unit shoot(4). Nickel is an essential constituent of the urease enzyme
elongation decreased up to 60% for plants treated with nickel, and is required for the conversion of urea to ammonia in the
indicating that internode elongation increasithle super leaf.

phosphate and Milganite, which both contain a small Both foliar and drench applications of nickel sulfate were
amount of nickel, did not correct the problem on plants with effective in this studyNickel is readily taken up by plants
severe mouse ear symptoms at the rates used in this study from soils and uptake is positively correlated with concen-

Foliar application of nickel corrects mouse-ear on field- tration of nickel in the soil (7). Nickel has been shown to be
grown pecans (17) and has now been shown to correct mouseabsorbed by the roots Bétula pubescens subspczerepanovi
and translocated to the shoots and leavesA(8)gnificant
linear relationship was found between exchangeable nickel
in the soil and twigs of two birche8dtula pumila var.
glandulifera andBetula papyrifera) growing on sites con-
taminated with high concentrations of nickel [¥)ese stud-
ies support the concept that nickel applied to soilless sub-
strates can be absorbed by the roots and transported to the
foliage of river birch. No previous studies could be found
relating to nickel nutrition anBetula nigra.

Superphosphate fertilizers are no longer recommended as
substrate amendments due to the fact that phosphorus readily
leaches from pine bark-based container substrates (19, 20)
and concerns regarding contamination of surface and ground-
water While the concentration of nickel in the triple super
phosphate and Milganite used in this study was not deter
mined, the mean concentration among 24 samples of triple
superphosphate in a previous study was 17 mg/kg (2), while
the mean concentration of nickel in Miganite for 2003 was
23 mg/kg (1). Based on these numbers, the amount of nickel
applied per #15 container was estimated to be 0.44 mg Ni/
pot for the triple superphosphate treatment and 3.0 mg Ni/
pot for the Miloganite treatment. Drench treatments in this
study received 150 mg Ni/pdthus, at the rates used in this
study it appears fertilizer amendments in the form of triple
superphosphate and Migganite do not provide sfigient
nickel to reverse mouse ear disorder on symptomatic river
birch. Further research may be warranted to determine if trace
levels of contaminant nickel in triple superphosphate and
Milorganite would prevent mouse ear disorder from devel-
oping on healthy plants.
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