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INTRODUCTION

Recent research has identified two potential materials to meet nursery grower’s
needs: Clean Chip Residual (CCR) and WholeTree (WT). Both of these alterna-
tive substrates contain higher wood content than pine bark alone. The CCR is a
product composed of approximately 50% wood, 40% bark, and 10% needles (Boyer
et al., 2008a). It is created when transportable in-field harvesters are used to pro-
cess pines into “clean chips” that can be used by pulp mills. One study evaluating
CCR as an alternative substrate in annual species production (Boyer et al., 2008b)
reported that two out of three species tested had similar growth when compared
to standard PB substrates. Another study evaluating perennial species production
in CCR (Boyer et al., 2008a) determined that there were few differences in growth
at the conclusion of the study for most species. In 2009, Boyer et al. also reported
that CCR as an alternative nursery crop substrate for container-grown ornamen-
tals was acceptable for use at several screen sizes 3.2, 1.9, 1.3, 1.0 cm (14, %4, Yz,
3/sin.) (Boyer et al., 2009). In general, studies indicate that plants grown in CCR are
comparable to those grown in a traditional PB substrate.

WholeTree is different from CCR in that it consists of the entire pine tree har-
vested from pine plantations at the thinning stage, therefore having a higher wood
content than CCR (Fain et al., 2008). Just as with CCR, several studies have been
conducted to assess the value of WT as a comparable substrate to traditional PB
(Fain et al., 2006). A study evaluating annual vinca grown in WT showed plant
growth similar to growth of plants grown in PB (Fain and Gilliam, 2006). Another
study by Fain et al. (2006) evaluating WT in production of herbaceous greenhouse
crops indicated mixed results. In general, plants grown in WT substrates were
smaller than plants in other blends, but plants increased in size with increasing
peat moss percentage.

Most of the studies thus far have used fresh WT and CCR. However, PB is often
aged for several months before use in nursery crop production. Many growers pre-
fer to have aged PB and have asked if additional benefits could occur with aging WT
or CCR. The objective of this study was to compare growth of several woody nursery
crops in fresh and aged CCR and WT.
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MATERIALS AND METHODS

Five substrates were evaluated in this study, including a traditional PB substrate,
along with aged and fresh samples of both CCR and WT. Fresh CCR (42 days old
at planting) was obtained from a forestry operation at an 11-12 year old pine plan-
tation in Flomaton, Alabama. Aged CCR (451 days old at planting) was acquired
from an operation in Atmore, Alabama. Fresh WT (32 days old at planting) came
from a 15-year old plantation in Lumpkin, Georgia, and aged WT (431 days old at
planting) was obtained from Georgetown, Georgia. Before the study was initiated,
each substrate was processed further to pass through varied screen sizes in a #30
Swinging hammer-mill #30, C.S. Bell Co., Ohio). Fresh CCR and aged WT were
both processed through a 1.0-cm (¥/s-in.) screen. Aged CCR particles were processed
through a 1.3-cm (0.5-in.) inch screen, and fresh WT was processed through a 0.6-
cm (/s-1n.) screen. All substrates were mixed 6 : 1 (v/v) with sand.

Treatments were amended prior to planting with 8.3 kg'm™ (14 lb/yd?) Polyon
(Harrell’s Fertilizer, Inc., Lakeland, Florida) controlled-release fertilizer (9 months),
2.97 kg'm* (5 Ib/yd?) dolomitic limestone, and 0.9 kg-m* (1.5 1b/yd?®) Micromax (The
Scotts Company, Marysville, Ohio).

Ten species were evaluated, including: Ilex crenata ‘Soft Touch’, Juniperus hori-
zontalis ‘Wiltonit’, Spiraea cantoniensis ‘Reeves’, Ternstroemia japonica ‘Conthery’,
Loropetalum chinense Ruby’, Gardenia jasminoides ‘August Beauty’, Lantana ca-
mara ‘Lucky Yellow Improved’, Rosa ‘Radrazz’, Knock Out® rose, Rhaphiolepis in-
dica, and Nandina domestica ‘Firepower’. All species were potted in #1 containers.

Substrates were mixed on 24 March 2008, and planted the following day, on 25
March 2008. Plants were placed on a full-sun nursery pad, except for nandina,
which was under a 30% shade structure. All plants were irrigated using overhead
irrigation. The experimental design was a randomized complete block design with
20 single pot replications per treatment. Each species was treated as its own sepa-
rate experiment.

Leachates were collected to determine pH and electrical conductivity (EC) values
using the pour-through method at 7, 15, 30, and 180 DAP. Other data, including
plant growth indices [(height + width + width)/3] (at 90 and 180 DAP), and sub-
strate shrinkage (at 15 and 180 DAP) was determined throughout the study. Root
growth was also rated at termination (180 DAP) on a scale from 1-5, where 1 was
no visible roots on the outer root ball, and 5 was 100% coverage of root ball surface.
Studies were conducted at the Paterson Greenhouse Complex on the Auburn Uni-
versity campus.

RESULTS

With few exceptions, pH values reported were within the BMP recommended pH
range (4.5-6.5) (Yeager et al., 2007) (Table 1). In general, 100% PB substrate had
the lowest pH values throughout the test. Fresh WT had the highest pH value
of 6.8 (30 DAP), however it was statistically similar to all other treatments. For
the most part, both CCR treatments, fresh and aged, were similar to pH levels in
100% PB.

Fresh and aged CCR had statistically similar values for EC at all testing dates
(Table 1). Fresh and aged WT were similar at both 7 and 15 DAP, although at
30 DAP, the EC value for fresh WT (0.38 dS‘m™') was lower than that of aged
WT (0.58 dS'm). With relatively few exceptions, all values reported were similar



Woody Shrub Production With Alternative Substrates: Aged vs. Fresh 601

to that of a traditional PB substrate,

indicating that similar nutritional §
amendments would be needed for these Ea
new alternatives. §
Growth indices [(height + widthl + f
width2)/3] were recorded for each spe- I
cies (in cm) at 90 and 180 DAP (Table  ®@ ® © @ %
2). By 180 DAP; there were no statisti- 8 R gg go! % g Tg
cal differences in any of the substrates & °c 2= =< 2
for nandina, rose, and spiraea. With A I~
raphiolepsis and loropetalum at 180 % -E
DAP, plants in aged CCR were the larg- |22 888 2
est. Plants grown in aged WT also did 26 18 8 © b
well, as 5 of the 10 species tested were O
statistically as large, or larger than, plld
those grown in PB substrate at 180 TR oS o S
DAP. For the most part, plants grown 8 38 3 3 R ;;
in fresh WT were statistically the same °c e e e e ‘:czs
as those grown in aged WT. Only once % B
at 180 DAP was this not the case. For Q =
ternstroemia at 180 DAP, plants in I I I c'g
aged WT were statistically larger than .3 al 8 z £ £ i ™~
those in fresh WT. The same trend oc- 5§ g”
curs in the comparison of fresh and aged g n
CCR in both raphiolepsis and loropeta- £ ol = 2 s 8 5 :E g
lum at 180 DAP, where plants grown i B & 8 2 % % :E ﬁ’
in aged CCR were larger than those in 5 ° e e e < RS
fresh CCR. =] % . e §
Shrinkage of substrates (in cm) was :§> 10 E S é
measured on holly at 15 and 180 DAP. .2 w|e & & & @ g E,ﬁ )
The differences between shrinkage _§ a2 2 8 2 8 g 8 g
amounts at 180 DAP and 15 DAP were § 2 é’ fj
also calculated and analyzed. Substrate % g I ,Z&
of 100% PB had the least amount of -2 e & =« =« «|2 2 Z
shrinkage (0.87 cm) throughout the E 8 e I 8 8 3|8 o E
study, indicating that over time, it S| . S S S o S £ =
held up better, and didn’t compact as ?s % 3 Eﬁ §
much as the others (Table not included ';'-; E HE;-) ; a
because of space limitations). Shrink- g e S 2 2 g g =
age of fresh CCR (1.9 ¢cm) was similar % al & g 23 8 2 % g
to shrinkage of aged CCR (1.6 cm). i 2 A %
Aged WT (1.5 cm) had less shrinkage -5 2 ! ot
that Fresh WT (2.8 cm). “ 2 % g
Plants grown in aged CCR had among e c.g W ‘§
the highest root ratings in 9 of 10 spe- 5 & oo o 5§ g
cies (Table 3). Traditional 100% PB ~| 2/& 8 © & = a0
had the highest statistical ratings on _.;.: :; § @ g fm) 5 g ,%) §
8 of the 10 species. Aged treatments S S g &gl :_‘; 2 =



Combined Proceedings International Plant Propagators’ Society, Volume 59, 2009

602

'G0"0 = d 7B 189, 98ury o[dnnyy suesun(] £q SUWIN0d Ul pajeredss SUBSIA,

BAILRIOUM = LM Tenpisay diy) wes) = gD aeg auld = gJx ‘Sunuerdsuesy 1oiye sfeq = JV s ‘SUOIBIADIQY
‘¢ + (2 IPIM + TUIPIM + JYSTeY) S8 pPajrodal SeoIpul [1modlr),

q¢ee qagel BGY8 B 209 BYLG qe L'9¢ q4¢'8¢ BZGE 4818 qQrey LM pedy
avve q6cl BZV8 qe v°'¢¢ B QLG qeve q09¢ qITE Q108 28°LE sLM SO
4292 qrer BG08 B L69 B 189 BELE BZT9 qe 1ve qres qQeyy gDD pedy
q9'¢e q97cl BT1E8 q48°2¢ ® 999 qe 9°¢¢ q0°Le ER 4] q¢€e8 461y «dD0 ysedd
B E'8% BZGT ®9G8 B 109 B 269 BLLE avLs qe v'gg B 8'96 B82S xqd %001
dvaost dvaoe dva ost dva o6 dva o8t dvaoe dvaost  dvdoe dva o8t dvaoe ajensqng
xajr Dan.1dg wnynlado.o DUDIUDT
29 ¥ov qe 9°vg qe g'ev B 865 2T'0¢ B8LG BO'GY qB 6°€¢ qe 1'8¢ qB 9'8¢ LM pesy
29%¥ ® ('S5 qe ey BG08 2667 B985 B LYY 200€ 20°¢e qe 9'8¢ sLM USoL
q6°0v qe €65 BEGY B0CE qees B00€ B L'GY oqe G626 qe 9'8¢ qe 9'8¢% YDD pedy
2qeLE q €02 4668 B '8¢ 29 0TS B 865 B 19V 2q6Te 299'9¢ qB 9'8¢ «d0D Usedy
B 0'¢V ©g'ae q60v B 685 B G'9g B 108 BCLY BEGE BZ0V nq® 9'85 xad %001
dvd 081 dvd 06 dvd o8t dvdaoe dvd 08t dvdaos dvaost  dvdoe dVd 08T «dvd 06 ajensqng
snuadiun s1dajorydoyyy DIUIPUADY) DUIPUDN] DIUWOLISUUD ],
S9OTPUT Y}MOIK)

* I0MOdaIL], DISIULOP DUIPUDN] PUR ‘DIIPUT $1d0]01YdDYY ‘ 9SOX (IN() I0U]
‘zzeapey, S0y ‘ poAoIdw] MO[[EA ASONT, DUDWDI DUDIUDT ‘ Anead ISNINY, Sap10urusnl DIUIPLDL) ‘ Aqy, aSUUIYD WNJDIdA0L0T ‘ AXSYIUO)), DI1UOAD][
DIWAOLISULI], ¢ SOADOY], SISUUOIUD) DIDUIAS  [TUOI[IA, S2YDIUO0Z1I0Y Sndd1un > ‘ YonoJ, 1JOS, DIDULD Xa]] 0] ,S9dIPUL YIM0IS U0 109]J0 918IISqNS °Z S[qBL,



603

Woody Shrub Production With Alternative Substrates: Aged vs. Fresh

'60°0 = d e 159, oSury o[diyny s,urdoun(J Aq SUWN]OD Ul pojeIedes SUBIAL
"ORIIRIOUM = LM« TENPISaY dry) ues) = DD NI ould = gJx :SuoneIaaiqqy
*98BI0A00 % (0T = G PUEB [[B] 100 9]} JO ©93BIOA0D 1001 %()Z-0 = [ 9I9YM ‘G—] WOIJ SeSUuBI o[BS SUNBY

‘(Sunyuerd 1e3Je sAep ()QT) UOTJBRUTULIO) APNIS J€ UYR) SSUNBY,

®6'G B0O'G qee 27'e qe 8y q8%c BZE OT'¥ qLe v G'E LM Pe3y
®9'G ®0'G qre 2¢°¢ qQLv qLe BY'E ¥y qre RS AL USOIq
B0€ B0O'G B6'E eIV BO'G qeT1'g e EgE qe L'y qv'e eyg YOO pasy
®6'C B6TV qce RERAY qey qe 6'¢ B8C qe 9y q9€ BEE ~d0D Usedg
®6'G ®0'G qee qe 0y qe sy ey'E e0'€ B 6V BLY Wq7'G xdd %001
X[ DDA DSOY wnpgadoao]  puppuny  snupdwung  sidojorydoyy  DIUIPIDE) DUIPUDN]  DIWDOLISUID], ajensqng

(Surges 00y

* I0MOodauL], DISIULOP DUIPUDA] PUR ‘DIIPUT S1d0]01YdDYY ‘ 9SOX LIN() J{0UY] ‘ZZBIPRY,, DSOY ‘ paroxd
-W] MO[[OA ASoNTT, DUDWDI DUDIUDT ‘ L&INBDY ISNSNY, Sap10UIWSD DIUIPUDE) ‘ AqNY, aSUaUIYD WNIDIdA0L0T * AISYIUO)), DIIUOAD DIUWI0LISULI], ‘ SOASIY,
S1SUUOIUDD DIVUIAS ‘ TTUOITAN, S1)DIUOZLL0Y SNuddIUN >  YONO ], 1O, DIDUILI XJ]] 0] ,$07BIISqNS WOJJ J09]J0 01 oNp YIMO0I3 1004 JO S3UNBL 100y *¢ d[qB



604 Combined Proceedings International Plant Propagators’ Society, Volume 59, 2009

of both CCR and WT tended to have higher root ratings than their fresh counter-
parts. While aged CCR had 9 out of 10 species in the highest statistical category,
fresh CCR had only 6 out of the 10. Aged WT had only 5 out of the 10 species in the
highest statistical category, however it still had more than fresh WT, which only
had 3 of the 10 in the highest statistical category.

DISCUSSION

Before beginning this experiment, existing research showed that fresh CCR and WT
products could be used as comparable, sustainable alternatives to PB substrates.
Many nursery producers prefer aged PB for use in nursery production. Data in this
experiment shows that the same may also be true for CCR and WT, depending on
the species being grown. Throughout the study, data showed that aged CCR or WT
could produce larger, healthier plants, that in some cases may look better than
plants grown in 100% PB. This is good news to industry professionals, since this
data shows that CCR and WT substrates can be stored without having a negative
impact on plant health and growth.
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