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Research Report s

Effect of Bioplex™ on T ransplant Success and Recovery
of Summer-dug Goldenraintree !

Jonathan D. Sammons and Daniel K. tBuve?
Department of Horticulture and Crop Science
The Ohio Sate University, Columbus, OH 43210

Abstract

Biostimulants are intended to reduce stress associated with non-dormant (slughtearvest of field-grown nursery stock; however
the efectiveness of biostimulant treatment is uncertala tested the &fcts of three application methods of Biopléxa biostimulant)
on transpiration rates, transplant survival, and recovery of field-grown goldenrditaelredteria paniculata Laxm.), which is considered
difficult to transplant and is rarely summer dug. Biopfewas applied as a foliar spragoil drench, or a combination of foliar spray
and soil drench. Bioplé¥ reduced transpiration rates of trees by 12% compared to untreated control trees. Root loss associdted with
digging reduced transpiration rates and had a gredest @i transpiration than any Biopfxtreatment. Survival 12 months after
transplanting was 100%. BioplB%treatments applied before digging had rfeafon growth after transplantingransplanted trees
had reduced caliper growth and shoot extension the season after transplant compared to non-duiittantgbi8ioplex™ reduced
transpiration rates for three to five days after application in non-dug trees, there were no long-term benefits to survival or re-g
summer transplanted trees.

rowth to

Index words: summer digging, transpiration, transplant establishment, biostimulants.

goldenraintree. Survival 12 months after transplanting was
100%. If Bioplex™ is used, the most fdient application
method is a foliar spray; significantly less (about %2) volume
is needed to give a similar reduction in whole plant transpi-
ration as with a soil drencfihere was no advantage of a
combination foliar and soil drench treatment combination
over the foliar spray only treatmeiihe results suggest that
handling at the nurserguring transportation and on the job
site may dkect transplant survival and re-growth more than
the root-regeneration characteristics of the species.

Significance to the Nursery Industry

Biostimulants are marketed as a means to reduce trans-
plant stress, but information on theifesftiveness is mixed
(3, 9, 14). In our stud\Bioplex™ (a biostimulant) reduced
transpiration rates of goldenraintree three to five days after
application. Root loss associated with transplanting reduced
transpiration and had a greatefeef on transpiration than
any pre-harvest Bioplé¥ treatment. Biople® treatment
had no beneficial é¢ct on recovery of summer dug
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In northern temperate regions, late winter and early spring
are the primary seasons to dig balled and burlapped (B&B)
nursery stock. Often frozen soils, soils saturated from spring
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rains, or early warm weather shorten the digging season. If Laboratory (WVANRRL) on the campus ofhe Ohio $ate
stock is not dug by bud break it remains in the field and rep- University (OSU)The trees were transplanted from contain-
resents lost spring sal@® extend the harvest season, some ers three years before (spring 1999) this study was conducted.
nurseries practice ‘summeigging.’Summerdug plants are Tree caliper was measured 15 cm (6 in) above the ground
harvested between late summer and the first fall frAsts. and trees assigned to one of four treatment groups so that
though summedigging procedures vary among nurseries, similar numbers of trees with the same caliper occurred within
the general process includes: saturating the soil, applying aneach treatment group. @uigust 1, 2002, trees averaged 6.1
anti-desiccant, digging a @&r diameter root ball (compared + 1.4 cm (2.4t 0.5 in) in trunk calipefThe treatments (and
to that for dormant stock), and acclimating plants under shade number of trees per treatment) were: 1) Control, no Bidplex
and overhead irrigation for several days before shipping.  (n = 16); 2) BiopleX™ foliar application (n = 8); 3) Biople¥
Summerdug trees experience transplant shock. Some spe-soil drench application (n = 8); and 4) a combination of

cies, like green ash-faxinus pennsylvanica) wilt almost Bioplex™ foliar and soil drench applications (n = 16).
imm_edia_tely after digging and partially defol?ate during the Also, onAugust 1, leaf area and transpiration measure-
acclimation procedures (personal observatidrdnsplant ments were mad&hree leaves were harvested from each

shock is ‘the period between transplanting and the resump-tree and leaf area determined with a LI-3A88a Meter (Li-

tion of vigorous growth{8), poor growth encountered dur  Cor, Inc., Lincoln, NE).Transpiration rates of intact leaves
ing this period is due to internal water deficits (5, 8). Under were measured using a Li-1600 steady-state porometer (Li-
typical summer conditions, transplant shock can be charac-Cor Inc., Lincoln, NE). Six trees from the control and foliar
terized as transplant-induced drought stress. Drought stressand soil drench combination treatment groups, and three trees
causes loss of tgor, reduction in growth, closure of sto-  from the foliar only and soil drench only treatment groups
mata, and a decrease in photosynthesis and metabolic funcwere measured throughout the statgnspiration rates were
tion (7). Therefore, reducing internal water deficits through measured on three randomly selected fully expanded leaflets
increased water uptake, rapid root regeneration, or reduced(located in the outer canopy at varying heights) between 1200
transpirational water loss would reduce internal water stress and 1300 hours. Leaflets onfeifent leaves were measured
and increase transplant success. Howeeeuction in tran- each time. Baseline transpiration readings were taken between
spirational water loss accomplished through stomatal clo- August 1 and 3, 2002t each reading, the three readings per
sure could increase leaf temperatures and decrease phototree were averaged to estimate mean transpiration per tree.
synthetic gas exchange, which would reduce net photosyn- Beginning orAugust 1, and daily unthugust 14, daily high

thesis and the accumulation of carbohydrate reserves. and low temperatures, relative humidity and precipitation
Biostimulant composition and the benefits following ap- were recorded at a weather station located oWWtkieRRL.
plication to plants were listed in a previous papé).(In a Atfter the baseline transpiration rates were established, trees
greenhouse study with non-dormant containerized red oak were flood irrigated, approximately 9.5 literé/f2.5 gal/yd)
(Quercus rubra L.) seedlings, BiopleX" (the most widely  per irrigation event, in the morning and afternoon for each of

used biostimulant transplant aid by Ohio nursery managers) three days (August 4 to 6). Daily transpiration rates were
applications did not increase survival after severe root prun- measured as described earlier
ing (59% of the total root surface area was removed by prun- OnAugust 7, trees received the Biopl¥xreatments ac-
ing) or growth the following spring ). Howevey it was cording to label directions. Foliar treatments were applied
not known if BiopleX™ applications where more severe root using a 9.5 liter (2.5 gal) Hudson Leader Plus Sprayer (H.D.
loss occurred (like that associated with field digging) and/or ,dson Manufacturing Compartyastings, MN). BiopleR*
less benign environmental conditions, would increase trans- \y 55 mixed at 59 ml (2 0z) per 9.5 liters (2.5 gal) of water
plant survival and speed establishment. , The foliage was sprayed until rufiafie estimated the equiva-
_Therefore, we studied thefe€ts of transplanting and  |ent of 14.75 ml (0.5 0z) of undiluted Biopl@kwas applied
b!ostlmulant application on transpiration rate, transplantsur per tree. Soil drench applications delivered 73 ml (2.5 0z) of
vival and recover_y_of goldenramtree._ Goldenraintree was Bioplex™ in 19 liters (5 gal) of water using plastic buckets
chosen because it is a coarse-rootedicdif-to-transplant  \yith one 3.2 mm (0.125 in) diameter hole drilled in the con-
species that is rarely summer dug [@xa with coarse root  ainer bottom. Control trees received 19 liters (5 gal) of wa-
systems are ditult-to-transplant, in part, because they have g, only as described for the soil drench treatniEnanspi-

few rapidly regenerating, intact root tips after harvest (12). ation rates were measured Angust 7 and 8 as described
Also, goldneraintree has a high leaf area-to-xylem diameter g5jier

ratio, suggesting that under stress it may not be able to ad-  5naygust 9 the trees were either balled and burlapped or
equately supply water to the shoots (2). Consequénifgs not. All trees in the BiopleX foliar and soil-drench treat-

expected that goldenraintrees with fully developed canopies o s were transplanted. For the control and combination
WOUId not be able to cope with putative internal water de_ﬂ- Bioplex™ foliar and soil-drench treatments, half of the trees
cits causec_i by root loss at t.ran.splantlng, thus ”?a'?'”g It @ \yithin each group were balled and burlapped, half were not.
good candidate for a summeigging study Due to limita- Thus, untransplanted controls for Biopi®xreated and un-
tions of plant material and because Biopteis the most  e5teq trees were available for comparison with Bioplex
widely used biostimulant by Ohio nursery managers, only yeated and untreated transplanted trabsrees were dug
one biostimulant product was evaluated. with a 55.9 cm (22 in) Care@e mechanical tree spade
(CareTree Systems, Inc., Columbus OH) attached to a skid
steererThus, some root balls were purposely undersized, less
Preparation of plant material. Forty-eight goldenraintrees  than 25.4 cm (10 in) root ball diameter per 2.54 cm (1 in)
were selected from a block of field-grown trees at the trunk caliper (1). Immediately following digging the root balls
WatermanAgricultural and Natural Resources Research were covered with burlap, placed in truncated wire baskets,

Materials and Methods
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the burlap pinned, and the wire baskets laced and crimped. %
The trees were then transported 457 m (500 yd) to an en-
closed structure at tARANRRL where they were stored in
the dark for three days (August 9 th While in storage the
root balls were hand watered twice dailsanspiration was
measured daily on dug and non-dug trees.

OnAugust 12, the trees were then transported 365 m (400
yd) to another site at th&/ANRRL and transplanted into a

—— Control
Control-transplanted

777777 Bioplex™-untransplanted

Bioplex™-transplanted

Transpiration (umols/m?/sec)

Crosby silt loam sail, with a pH of 6.5he holes, on spacing L S

of 1.2 m (4 ft) within rows and 3.0 m (10 ft) between rows, 2 \

were pre-dug with same tree spade used to dig the Tirees. \ S

trees were planted in a completely randomized design with 04 (S

eight single-tree replications per treatméttransplanting Baseline | Irrigated f;;gr':;;;” | Dugand | Transplanted

the wire baskets and the burlap from the top half of the root , , , : : , ,

balls were removedhe trees were mulched with composted 0 2 4 6 8 10 12 14 16
wood chips (1.3 m [4 ft] dia. circle) and hand watered once August

(approximately 38 liters [10 gal] per tre€janspiration rates
for dug and non-dug trees were measured for three days (Au-Fi

gust 12 to 14) as described earlier g. 1. Transpiration of goldenraintree plants befoe and after

Bioplex™ application, balling and burlapping, dark storage,

Caliper and leaf area were measureduigust 2003, as and transplanting. Transpiration r eadings wee made on field-
described earliefwig extension was also measured on three grown plants befole (August 1 to 3) and afteAugust 4 to 6)
of the most vigorous branches per tree for the 2002 and 2003 'rl”gatlt'on- B'Oé"ﬁX;M apcl?“bcafl'ons Vé’jef?b&“ade ??USUSt 7|3 thte

- : plants were balled and burlapped onAugust 9. Dug plants
growing seasons. GI’(_)Wth data for the 2003 growing season were stored in the dark fromAugust 9 to 12, and transplanted
were expressed relative to that of the 2002 season. to field plots onAugust 12. Contmol and Bioplex™ treated but

untransplanted, plants remained in the original field plots.

Data analysis. The data were analyzed using the one-way Transpiration r eadings fiom the three Bioplex™ applications
ANOVA procedure within SPSS for the personal computer methods (foliar spray, soil drench, and foliar spray and soil

. L drench combination) wee averaged because therwere no
(SPS_S' Inc. Chlcag_(), ”-)' For the transpiration data, the three statistical differences among the #atments. Each value is the
readings from individual leaves per plant were averaged and mean of three leaflets on each of thee trees The * denote sta-
individual tree transpiration averages subjecANMOVA. tistical dif ferences between conti and Bioplex™ undug trees
Means were separated using thed®nt-Newman-Keuls test (August 9 to August 11) and between transplanted and

ata = 0.05 level of significance untransplanted trees (August 12 to 14).

Results and Discussion Average leaf area was similar for all treatment groups in 2003,
During the three-day base-line period, the average high but less than in 2002 §ble 1). Non-dug trees had greater
temperature was 35.1C (95.3F), the low 21.7C (71.0F), the twig extension in the 2003 growing season than that eccur
RH 70.7%, and transpiration averaged 6.1 + 2.5 umol per m ring in the 2002 season and greater extension growth in 2003
per se¢Fig. 1). During the three-day pre-digging flood irri-  than transplanted treesafle 1).
gation period, the average high temperature was 32.0C The objective of this research was to determine fleetsf
(89.7F), the low 20.0C (68.0F) and the RH 75.8%anspi- of transplanting and biostimulant application on transpira-
ration increased about 51% after irrigation. During the two- tion rates, survival and post-transplant growth of field-grown
day Bioplex™ treatment period, the average high tempera- goldenraintreeA product and application method that would
ture was 27.0C (80.5F), the low 12.5 C (54F) and RH 66.5%. reduce short-term water loss is potentially beneficial to ini-
Transpiration after Biopl€¥ application was not signifi- tial survival.Any benefits to long-term survival are uncer
cantly lower compared to untreated trees for both days fol- tain, as reduced transpiration is associated with stomatal clo-
lowing applicationTranspiration was undetectable on balled sure and reduced net photosynthesis. It is doubtful that long-
and burlapped trees during the dark acclimation pefiod. term reduction in net photosynthesis would benefit transplant
non-dug untreated trees transpired at 4.35 £ 0.77 pumol perestablishment.
m? per sec while Biople® treated trees averaged 3.05 + OnAugust 7 and 8 (after Bioplé% application, but be-
0.72 umol per rhper sec during the three-day acclimation fore digging) there were no €fences in transpiration be-
period (August 9 to 1, Fig. 1).The average high tempera- tween treated and untreated trees. Howefgarnon-dug
ture during this period was 32.4C (90.7F), the low 14.9C plants, those treated with Biopl@khad significantly lower
(58.7F), the RH 64.7%ranspiration rates of the transplanted transpiration rates betweémgust 9 and 1. After August
trees, whether treated with Biopfor not were similar for 12, there were no ddrences in transpiration rates between
the three days following transplant, but were lower than non- non-dug BiopleXV treated and untreated trees. For trans-
dug trees (Fig. 1). High temperatures during this period av- planted trees, transpiration rates were lower for three days
eraged 32.5C (90.7F), the low 7.0C (21.1F), and the RH (August 12 to14) after transplanting than for those not dug,
73.7%. OrAugust 5 and 14, it rained 2.39 and 2.59 cm (0.94 whether the transplanted trees were treated or not with

and 1.02 in), respectively Bioplex™. Thus, root loss associated with digging, had a
There was no mortality in 2002, or Aygust 2003Trans- greater afect on reducing transpiration rate than any

planted trees (treatment groups 3 through 6) had similar cali- Bioplex™ application method. In this studfranspiration

per increase in 2003 gble 1); but significantly lower cali- rates were decreased by biostimulant application, dissimilar

per increase than non-dug trees (treatment groups 1 and 2)to previous studies (3, 6, 10, 13, 14). Howe®&ioplex™
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Table 1. Caliper, leaf area, and shoot extension of goldenrainge in 2002 and the change in 2008lative to 2002, one yeaafter August transplanting,
or not, of goldenraintree as akected by Bioplex™ treatment.

Treatment combination Caliper (mm) Leaf area (cn?) Shoot extension (cr)
Change Change Change
Bioplex™ tr eatment Transplanted 2002 in 2003 2002 in 2003 2002 in 2003
None No 62& 17.8a 152.8a -48.3a 26.1a 6.4a
Foliar spray and Soil drench No 60a 21.1a 168.3a -41.9a 24.6a 8.1a
None Yes 63a 9.4b 131.2a -16.9a 27.2a -0.6b
Foliar spray Yes 60a 5.3b 163.6a —64.9a 27.3a -5.3b
Soil drench Yes 60a 8.7b 157.3a -49.7a 29.1a -1.0b
Foliar spray and Soil drench Yes 59a 6.1b 126.5a -49.1a 24.0a -0.9b

zSeedlings given the foliar spray were sprayed with Bioplex™ until riidetif’ering 14.75 ml of undiluted Bioplex™ solution; soil drench treated seedlings
received 73 ml undiluted Bioplex™:; or seedlings were given a combination of soil drench and foliaZ spta} seedlings received no Bioplex™ applications

nor were they transplanted.

YMeans within the same columns followed byfetiént letters are significantly #rent according tot8dent-Newman-Kuels at tlee< 0.05 significance level.

Each caliper value is the mean of eight trees, each leaf and shoot value is the mean of 24 leaves or shoots (three leaves or shoots in each of eight trees).

decreased whole-plant transpiration in non-root pruned red

oak seedlings under greenhouse conditiof¥ (1

The most striking finding was that despite undersized root-
balls and summaetigging, goldenraintrees survived trans-
planting, showed minimal signs of drought stress, and re-
sumed growth at near pre-digging rates. Balok d@nditire
(2) found goldenraintree to have relatively thick cuticular
wax, which could explain the minimal wilting and defolia-
tion observed in our studihe results suggest that poor trans-
plant survival and re-growth of sumrieairvested trees may

be caused by stresses other than biological limitations asso-

ciated with root regeneratioiihe trees in this study were

4. Gilman, E.F 1997.Trees for Urban and Suburban Landscapes.
Albany: Delmar Publishers.

5. Haase, D.L. and R. Rose. 1993. Soil moisture stress induces transplant
shock in stored and unstored 2+0 Douglas-fir seedlings of varying root
volumes. FarSci. 39:275-294.

6. Kelting, M., J.R. Harris, J. Fanelli, and Bppleton. 1998. Humate-
basediostimulants déct early transplant root growth and sapflow of balled
and burlapped red maple. HortScience 33:342-344.

7. Kozlowski, T.T., RJ. Kramer and S.GPalllardy 1991.The
Physiological Ecology diVoody PlantsAcademic Press, San Diego.

8. ReitveldW.J. 1989Transplanting stress in bareroot conifer seedlings:
its development and progression to establishment. NoAppll.For 6:99—

transported only short distances and held above ground for a

short time. 8ess associated with transportation to, and main-

tenance at, the job site may be greater causes of poor trans

plant survival than root regeneration characteristics of the

species. Careful plant handling procedures by nursery pro-

9. RichardsonA.D., M. Aikens, GP. Berlyn, and PMarsh. 2004.
Drought stress and paper bir@e{ula papyrifera) seedlings: Hects of an
organic biostimulant on plant health and stress tolerance, and detection of
stress dects with instrument-based, noninvasive method&hbriculture
30:52-60.

ducers, shlppers and Iandscape contractors mlght reduce 10. Russo, R.O. and.B Berlyn. 1990The use of @anic biostimulants

transplant losses and speed establishment.
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