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HortScience 30(3):496-498. 1995. ment. Long day (LD) photoperiod was ef-
fected by incandescent nightinterruption from
2200 to 020G@+r. Three 100-W incandescent

Enhanced ROOt and ShOOt GrOVVth Of bulbs spaced 75 cm apart and placed 85 cm
abovethe plant canopy supplied uioknT2s?

Chrysanthemum CUﬁIngS Pl’Opagated measured at plant canopy level. Subsequently,

plants received natural short day (SD).

with the FungusTrichoderma harzianum  Treatmenis were aranged as a &x 3

factorial with three rates of T-12 peat-bran

Amy J. MacKenziet and Terri Woods Starmart amendment, four cultivars, and three harvest
: dates using 10 single-plant replications in a

Department of Ornamental Horticulture and Landscape Design, UniversityQfijetely randomized design. Shoot height
Tennessee, Knoxville, TN 37901-1071 and shoot and root fresh and dry (72 h at 80C)

. weights of 10 randomly selected cuttings were
Mark T. Windham ? . . measured on each of days 7, 14, and 21. After
Department of Entomology and Plant Pathology, University of Tennesggiully litting out each cutting and the sur-

Knoxville, TN 37901-1071 rounding medium with a spatula, we separated
. ) ) ) shoots fromroots 1 to 3 cm above the basal end
Additional index wordsDendranthemagrandiflorum rooting ofthe cutting, depending on the cultivar and its

tendency toinitiate roots along the stem. Shoot
height was measured from the base of the
cutting to the stem apex.

After 21 days of rooting in the mist bed, 10
separate, intact cuttings were transplanted into

Abstract. Trichoderma harzianumRifai, a fungus that controls soilborne pathogens, can
enhance growth of several vegetable and floriculture crops. Zero, 5, or 25 glotharzianum
(isolate T-12) peat—bran amendment was added per kilogram medium in an effort to
enhance the rooting of four chrysanthemum Dendranthemaxgrandiflorum (Ramat.)
Kitamura] cultivars, two considered easy to root (‘Davis’ and ‘White Marble’) and two : Lo :
considered hard to root (‘Dark Bronze Charm’ and ‘Golden Bounty’). Adding the T. nontreated growing medium in 0.4-liter pots
harzianumamendment at both rates tested increased root and shoot fresh weights duringt® P& grown to flowering in the greenhouse.
21 days of rooting, relative to the control. Supplementary treated cuttings were trans- Plant§ were fertilized at each irrigation W't.h
planted into nontreated growing medium after 21 days. Midway between transplant to - 6ter’s water-soluble 20N-4.4P—16.6K fertil-
flowering, increases in height, shoot dry weight, and root fresh and dry weight were izer (W.R. Grace, Cambridge, Mass.). V}’he”
detected in ‘Dark Bronze Charm’ with T-12, relative to the control; increases in height, roots had reach’ed the‘bott(.)r,n of the p.Ot’ Dark
shoot fresh and dry weight, and number of nodes were detected in ‘Golden Bounty’ with Bronze Charm’ and ‘Davis’ were pinched,
T-12. By this time, there were no detectable differences in ‘Davis’ or ‘White Marble’. removing 2.5 cm of the terminal apex, to grow
as pot plants. Later we executed center bud

removal on these two cultivars and ‘White

Trichodermaspecies have been used ex- Materials and Methods Marble’ to grow as sprays. Lateral buds of
tensively for biocontrol of soilborne patho- ‘Golden Bounty’ were removed to grow the
gens (Chet and Baker, 1981; Sivan et al., Two cultivars of chrysanthemum consid-plants as standard cut flowers.
1984). These fungi also may have a growthered hard to root (‘Dark Bronze Charm’ and Shoot height, number of nodes (‘Golden
enhancing effect independent of mechanism&olden Bounty’) and two considered easy tdounty’ only, because disbudding facilitated
associated with biocontrol (Chang etal., 1986pot (‘Davis’ and ‘White Marble’) were re- quantification), and shoot and root fresh and
Windham et al., 1986). Applications ofceived as nonrooted cuttings (Yoder Brothergjry weights of 10 randomly selected plants
Trichodermamay decrease use of fungicidesBarberton, Ohio) on 1 Dec. 1993. ‘Dark Bronzevere measured midway from transplanting to
growth regulators, and labor in the green€harm’ is an 8-week response cultivar withexpected flowering dates, which were calcu-
house, hence lowering costs and environmenegard to short-day requirement for floweringJated according to the supplier's 1993/94/95
talimpact. Although several plants are resporand the others respond in 9 weeks. After beinDatefinder. Midpointfor ‘Dark Bronze Charm’
sive to growth enhancement Byichoderma sorted for uniformity, cuttings dipped in 7.4was 4 weeks from beginning SD, and for the
(Windham et al., 1986), cut and potted flowemm 1H-indole-3-butanoic acid (IBA) were others it was 4.5 weeks. Shoot height was
production applications remain largelyinserted into a 1 peat : 1 perlite (v/v) mediummeasured from the top of the pot. Other char-
uninvestigated. The objective of our study waamended with 0, 5, or 25 §. harzianum acteristics were measured as previously. Analy-
to determine if amending rooting medium(isolate T-12) peat-bran amendment/kg mesis of variance was used in data analyses (SAS
with various rates off. harzianumwould dium. The medium was at 24C using EPDMProc GLM; SAS Inst., Cary, N.C.), and the
enhance root and shoot growth of chrysanthé&ot-water, bottom-heat tubing (Biotherm Co.means were separated by least significant dif-

mum cuttings. Petaluma, Calif.).Trichoderma harzianum ference aP < 0.05.
(isolate T-12) was cultured on peat—bran for 2
weeks, dried, ground to a powder, and mixed Results

thoroughly with the medium (Paulitz et al.,

Received for publication 24 Aug. 1994. Accepte{986). The number of colony-forming units _Root fresh weight changeAmendment
for publication 3 Feb. 1995, Research conducted &) Of T-12, which was monitored using anwith T. harzianunincreased root fresh weights
the Institute of Agriculture, Univ. of Tennessee 2dar medium selective fdrichodermaspp.  of the four cultivars of chrysanthemum propa-
Knoxville. Use of trade names does not imply en(Elad et al., 1981), ranged from>10 1G/g gated from cuttings (Fig. 1). An amendment
dorsement of the products named nor criticism opven-dried (72 h at 50C) medium during theatex time interaction occurred during the 21
similar ones not named. We thank Yoder Brotherexperiment. days of rooting. Root fresh weights were simi-
for support of this research through donation of ~Cuttings were inserted into 12 827-cm  lar for the three rates of amendment on day 7
plant material and Arnold Saxton for assistance wit|astic rooting trays with drainage holes, withirfor all cultivars, but by day 14, the two
g:;?aaggl)i/rslls.a-lr—thg C?ﬁ;"f;)”rﬁ'g:'g? tgsgiﬂ:rr""e?ﬁ/e rows, 10 cuttings per row, and placedTrichodermatreatments had increased root

Y part by the pay pag 9€Enmediately under intermittent mistin a glassfresh weights of all but ‘Golden Bounty’, a

Under postal regulations, this paper therefore must

be hereby markeakvertisemensolely to indicate NOUSE at 24/18C (venting/night set points)hard-to-root cultivar. For this cultivar, only 25

this fact. Mist intervals were those recommended bykg resulted in increased root fresh weight.
iGraduate Research Assistant. the supplier; 10 sec every 5 min for 4 day_sBy 21 days, the root fresh weight of controls
2Assistant Professor. every 20 min days 5-8, and every 30 mimad leveled while that imrichoderma
3Associate Professor. throughout the rooting period of the experi-amended medium had continued to increase.
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Rooting in medium amended with either 2 g am
amount ofTrichodermawas similar for the
four cultivars on day 21.

Shoot fresh weight changgsmendment 0.8
with T. harzianunalso increased shoot fresh
weight of the four cultivars during the 21 days  «s
of rooting (Fig. 2). Again, there was a rate
time interaction. On day 7, all treatments werq':'
similar, with the exception of the 25kg* .=
amendment of ‘Dark Bronze Charm’, which.&
had a 19% and 24% lower fresh weight thal 2
the 5 and 0 g treatments, respectively. By
day 14, ‘Dark Bronze Charm’, ‘Davis’, and ‘m ®*[Geiden Bounty'
‘Golden Bounty’ had increased shoot fresh®
weight with Trichodermatreatment. ‘Dark
Bronze Charm’ had the highest shoot freshe
weights when the medium was amended wit
5 gkg™ of Trichoderma while ‘Davis’ and
‘Golden Bounty’ responded best to 2&gy*.

By day 21, all cultivars showed increased
shoot fresh weight with 25Trichodermakg.
‘Dark Bronze Charm’ had a 36% increase in
shoot fresh weight when treated with-kgy*

of Trichoderma and 18% when treated with
25 gkg™. ‘Davis’ had increased shoot fresh .
weights with both the 5 and 25kg treat- Time (days)

ments, which were statistically the same.
‘Golden Bounty’ and ‘White Marble’ had in- Fig. 1. ‘Dark Bronze Charm’, ‘Davis’, ‘Golden Bounty’, and ‘White Marble’ chrysanthemum root fresh
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creases only when treated with the 26gg weight following amendment of soilless growing medium itichoderma harzianuratt/ZZ o,

rate 5,0 25kg™, and at three sampling times (7, 14, and 21 days). Mean separation using
F;Iant characteristics at midpoinBy the Lsp test P < 0.05). The data are the means of 10 replications.

midpoint to flowering, Trichodermatreat- 2. a0

ments affected growth of ‘Dark Bronze “Dark Bronza Charm’

Charm’ and ‘Golden Bounty’ but not ‘Davis’
and ‘White Marble’. ‘Dark Bronze Charm’
plants treated with 5 or 25kgy* were similar
and 20% taller than the controls (Fig. 3). At5
g-kg?, the amendment increased shoot dry,.,
weight by 21% over the control, while 25 2
g-kgthad no effect. At 5.g2, Trichoderma -
increased root fresh and dry weights overm
those of the control and 25kg, which did @
not differ significantly. At midpoint, ‘Golden
Bounty’ was 15% taller, had five more nodes, &
a 14% increase in shoot fresh weight, and &
19% increase in shoot dry weight whether*
treated withT. harzianumat 5 or 25 &g

(Fig. 4).
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Discussion 10 -

Trichodermaspp. have previously en-
hanced the growth of floriculture crops, in-
creasing shoot and/or root fresh and dry
weights, height, and number of flower buds of
chrysar_1themum and petunFée(tu_niaxhybrida Time (days)

Hort. Vilm.-Andr.) while hastening flowering

of bedding plants, such as periwinkleFig. 2. ‘Dark Bronze Charm’, ‘Davis’, ‘Golden Bounty’, and ‘White Marble’ chrysanthemum shoot fresh
[Catharanthus roseuf..) G. Don], alyssum weight following amendment of soilless growing medium Wittthoderma harzianurat v 0,
[Lobularia maritima(L.) Desv.], and mari- [ 1503 ~2sg? andatthree sampling times (7, 14, and 21 days). Mean separation using
gold (Tagetes erecth.) (Chang et al., 1986). LsD test P < 0.05). The data are the means of 10 replications.

Optimum rates of application remained

uninvestigated. In this study, adding 5 or 25 Easy-to-rootcultivars responded faster wittthe presence dfrichodermaat 25 gkg™ than
g-kg* of a powdered peat—bran amendment dficreased root fresh weight to the treatmerdt 5 gkg™ during the 21 days of rooting. By

T. harzianumincreased fresh and dry root andhan the hard-to-root cultivars. Possibly, thenidpoint to flowering, growth was similar to
shoot weights, height, and number of nodes dfard-to-root cultivars are less sensitive to ¢hat of the controls. The mechanism of en-
chrysanthemum cuttings. T-12 levels rangedrowth-regulating compound being producedhanced growth by. harzianummay be pro-
from 10 to 10 cfu/g soilless medium, a den-by the fungus, and therefore respond moréuction of a growth-regulating substance
sity that effectively mediates biocontrol andslowly. (Windham et al., 1986). If such a compound is
enhances growth (Liu and Baker, 1980; ‘DarkBronze Charm’, ahard-to-root culti- being introduced by the fungus into the rhizo-
Windham et al., 1986). var, had lower root and shoot fresh weight isphere, the inhibition of growth might be due
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* Dark Bronze Charm’ stages of propagation has more long-lasting

benefits for hard-to-root than for easy-to-root
20 cultivars. In ‘Dark Bronze Charm’, 25kg*
compromised growth. Root and shoot fresh
weights at 25 gt were less than at 5kgy
during the 21 days of rooting, a trend that
continued until midpoint to flowering. The
increased number of nodes present at mid-
point in ‘Golden Bounty’ could be due to
production of a phytohormone, similar to a
cytokinin, by the fungus. One species of
Trichoderma(T. koningiiOudem) produces
growth-regulating substances (Cutler et al.,
1989, 1991). As expected, no differences in
time to flowering were observed during the
experiment because chrysanthemum flower-
ing is controlled by the number of short days
received rather than by the amount of vegeta-
tive growth.

The practical application of thisresearch to
the floriculture industry will be improvement
in rooting hard-to-root cuttings and accelerat-
ing chrysanthemum pot plant and cut flower
production. Future studies should involve de-

Quantity of Trichoderma added veloping efficient methods of delivering the
{g/kg medium) fungus to the plant rhizosphere, eliminating
the use of a rooting hormone in propagation,
Fig.3.‘quk Bronze Charm’ch(ysanthem_um height,shootdryweight, roqtfreshwei ht, and root dry wgightfurther optimizing application rate.

following amendment of soilless growing medium vilitithoderma harzianurat D 5,
oré 25.gg*midway from transplanting cuttings into nontreated growing medium to flowering. Literature Cited
Mean separation usingp test P < 0.05). The data are the means of 10 replications.
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weight following amendment of soilless growing medium Witlthoderma harzianurat 0, : )
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