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Abstract

The objectives of this research were to demonstrate that mycorrhiza can survive in a commercial nursery container psidoction sy
and enhance plant productivity. Four species were used as host NEmdéna domesticdMoon Bay’, Loropetalum chinenseariety
Rubrum ‘Hinepurpleleaf’ Plumb delightSalvia gregij andPhotinia fraser]. Plants were inoculated with arbuscular mycorrhizal
fungi, Glomus intraradicesand grown in a commercial nursery in Texas. For the first 5.5 months, plants were grown in #1 cans
containing either 3 kg cu m (5 Ibs cu yd) or 4.2 kg cu m (7 Ibs cu yd) 248-8K.0. For the final 6.5 months of the study, plants were
in larger containers, all of which contained 4.2 kg cu m (7 Ibs qu2@N-4BO,—8K,0. The commercial inoculum d@lomus
intraradicesonly enhanced growth &f. domesticaThe shoot dry mass of mycorrhidaldomesticglants at 3 kg cu m was the same
as non-colonized plants at the higher fertility level of 4.2 cu m. Intraradical hyphae development and colonization &ctdésrb
vesicles/endospores, hyphae).othinenseN. domesticaandS gregiiincreased at the higher fertility leve& gregii had the greatest
mycorrhizal development and a 216% increase in hyphae development and colonization at the higher fertility level.

[
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Species used in this studyNandina domesticdMoon Bay’, Loropetalum chinenseariety Rubrum ‘Hinepurpleleaf’ Plumb delight
Salvia gregij andPhotinia fraseri

Significance to the Nursery Industry reduce pesticide and fertilizer usage for recycling water, and

New production systems are being developed thatempha-mi”imizmg nonpoint source pollution (8, 11). Because of

size the use of slow-release fertilizers, minimize the use of environmental legislation and economic incentives, nurser-

pesticides and soluble herbicides, and more efficiently uti- €S in Texas, California, Florida, Oregon and throughout the
lize water. There are excellent opportunities to incorporate Suthern United States are incorporating best management
arbuscular mycorrhizal fungi (AMF) in nursery production practices (BMP) to recapture and recycle_ irrigation runoff
systems that help reduce fertility and pesticide usage, andWater (22). New production systems are being developed that

enhance crop vigor, productivity, and plant survival rates dur- emphasize the use of slow-release fertilizers, minimize the

ing transplanting to field conditions. This study demonstrates US€ Of pesticides and soluble herbicides, and more efficiently
that AMF can survive in a commercial nursery production utilize water. As a BMP practice, utilizing arbuscular mycor-

system. Moderately higher fertility levels stimulated AMF  "hizal fungi (AMF) technology can potentially impact nurs-

by increasing intraradical hyphae development and total colo- €Y producti?n system; in manly ways. 4 nutri |
nization (total arbuscules, vesicles/endospores, hyphae) in . In ger:je;]al, AMF_ enhance plant watler and nutrient r:.e al-
three of the four plant species utilizedropetalum chinenge ~ tions and help minimize environmental stress. Mycorrhizal

Nandina domesticaandSalvia gregii AMF enhancement associations can also increase drought resistance, nutrient
of plant growth was greatest with the shrbdomestica relations and temperature stress tolerance of herbaceous and

which had one of the higher arbuscule levels and was inter- W00y plant species (2, 5, 6, 7, 10, 12, 13, 14, 20, 21). AMF
mediate in overall colonization. The nursery industry wants €21 also increase plant resistance to pathogens (1, 16).' and
to reduce chemical costs and usage, improve plant quality,'MProve transplant Sl_”v'v_ab'“ty “Uder Severe outp!antlr_wg
and command a higher price for their products. The value- conditions such as strip mine and highway revegetation sites

added benefits of AMF in producing superior plants needs to .h biecti £ thi h d h
be demonstrated so that the nursery industry can market and_ 1€ objectives of this research were to demonstrate that

command a higher market price for more stress-resistant*MF can survive in a commercial nursery container pro-
mycorrhizal nursery crops. duction system, and that the growth of AMF plants is better

than non-colonized (Non-AMF) plants under a moderate and
moderately-high level of slow-release fertilizer. Four plant

. ) . species were used as host plaNtndina domesticdMoon

_ Important production factors impacting the U.S. nursery Bay’ | oropetalum chinenseariety Rubrum ‘Hinepurpleleaf’
industry include water quality and availability, the need to pjymb delight, Salvia gregij andPhotinia fraseri The plants
were propagated and grown in a commercial nursery in Texas
and later evaluated for AMF colonization and plant growth.
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Plumb delight (shrub),Salvia gregiiA. Gray. (herbaceous  higher fertility rates (Table 1). With chinenseN. domestica
perennial), an®hotinia fraseriDress (small tree). All plants  andS. gregii, intraradical hyphae development and coloni-
were propagated from shoot cuttings (9) and rooted under anzation (total arbuscules, vesicles/endospores, hyphae) in-
intermittent mist system in liner pots containing a peat: per- creased at the higher fertility levels. The greatest increase
lite (1:1 by vol) medium at Hines Nurseries, Fulshear, TX. occurred withS gregii, which had a 216% increase in hy-
Cleary$ (Hummert, Earth City, MO) was used to clean the phae development and colonization at the higher fertility
beds that the propagation flats were placed on to minimize level. Arbuscules were only detected in root samples. of
any contamination. Rooted liners were transplanted into #1 domesticaandS. gregii.

containers containing a band of commercial inoculum of the  In an unrelated study using the same AMF isolate in com-
AMF Glomus intraradiciesSchenck & Smith at 750  mercial greenhouse production of prenuclear minitubers of
propagules per container mixed with a perlite:peat carrier potato, both growth and disease resistance benefits were re-
(MYCORISE®, Premier-Tech, Riviére-du-Loup, Québec, ported with only 0.4% colonization (15). The potato plants
Canada). The AMF band was placed in the bottom one-third were subjected to normal pesticide and fungicide applica-
of each container medium, i.e. 400 ml of inoculum was tions, which depressed colonization levels, but did not elimi-
banded in #1 containers. The container medium was a 20%nate the symbiosis. Our colonization levels were consider-
sand: 80% milled, composted pine bark (by vol), which was ably higher, ranging from 7.7 to 42.7%.

not pasteurized. Two fertility levels, 3cum (5 lbs cuyd) and  There were species differences in AMF stimulation of plant
4.2 kg cu m (7 Ibs cu yd) of Osmocote 24N;84P8K,0 growth. AMF enhancement of plant growth occurred only
formulation were preincorporated with a trace element for- with the shrublN. domesticawhich was intermediate in colo-
mulation, Micromax at 0.9 kg cu m (1.5 Ibs cu yd), and 2.7 njzation levels (10 to 16%). Howevét, domesticehad one

kg cu m (4.5 Ibs cu yd) of dolomitic limestone. The experi- of the highest arbuscule levels, which is indicative of active
ment was established on October 13, 1997, at Hines Nurs-AMF development (20). There were no AMF growth en-
ery, Fulshear, TX. Plants were grown outdoors under full hancement o8 gregii, which had the highest colonization
sun in #1 containers on gravel beds. On May 29, 1898,  |evels. A limited number of ornamental species are non-my-
chinensevariety Rubrum ‘Hinepurpleleaf’ Plumb delight corrhizal. In an unrelated studGuphea hyssopifolia

S gregii, andP. fraseri were shifted (transplanted) from #1  ‘Allison’, which is a short-lived perennial subshrub in the
containers into #5 containers, whiledomesticaMoon Bay’ Lythraceae family, would not colonize witGlomus
was transplanted into #3 containers. For all treatments, thejntraradices

final container transplanting medium was 20% sand: 80%  The commercial inoculum &lomus intraradice $AMF)
milled, composted pine bark (by vol), amended with a trace had no significant effect on the growth Bf fraseri, L.
element formulation, Micromax at 0.9 kg cu m (1.5 Ibs cu chinenseor S. gregii. Only AMF colonizedNandina
yd) , and 2.7 kg cu m (4.5 Ibs cu yd) of dolomitic limestone, gomesticdMoon Bay’ had growth enhancement (Table 2).
and one fertilizer level: Osmocote 24N-@P8K 0 at 4.2 AMF increased the shoot DM and root/shoot ratio at both
kg cum (7 lbs cu yd). Roughly after one year of production, fertilizer levels: 3 kg cu m and 4.2 kg cu m of Osmocote
plants were evaluated and destructively harvested on OCt0'24N—4F§OS—8KZO. AMF also enhanced the root DM at 3 kg

ber 9, 1998. cu m. The shoot DM of AMF plants at 3 kg cu m was the
) ] same as non-colonized plants (Non-AMF) at 4.2 kg cu m.
Mycorrhizal measurements and plant biomadsasure- Among the four species, plant biomass and the root/shoot

ments of mycorrhizal (AMF) colonization included arbuscule  ratio were generally greatest at the higher fertilizer level.
formation, vesicle, intraradical hyphae, and total coloniza- \while the shoot mass & gregii was greater at the higher
tion. For AMF analysis of roots, 1-cm root segments from - sajjity regime, the root mass and root/shoot ratio were un-
10 plants per treatment were sampled at harvest and pooledyfected. The containerized plantslothinensevere inad-

to assess colonization percentage through clearing and stainyertently pruned at the nursery prior to our final harvest, hence
ing of the root samples (18). Ten 1-cm (0.39 in) stained root \ye were unable to take to shoot data and determine subse-
pieces were placed on each slide and three microscopic Ob'quent root to shoot ratios.

servations per 1-cm root piece at 40x were made at the top, * o the first 5.5 months of our nursery study, plants were
the middle and the bottom of each root piece; there were 10 2 -ad on fertility regimes of either: 3 kg cu m or 4.2 kg cu
slides per treatment (n =300 per treatment). The presence oi?n Osmocote 24N—4B.-8K 0 formuiation, both of Which
arbuscule.s,.vesmles, and hyphae were recorded and the datﬁ/ere preincorporateé with a trace element formulation,
were statistically analyzed. Plants were evaluated for root \ricromax at 0.9 kg cu m, and 2.7 kg cu m of dolomitic lime-
and shoot dry mass (DM) and root/shoot ratios {g ach stone. For the remaining 6.5 months, plants from all treat-

containerized plant was an individual unit (n = 25). ments were transplanted into larger containers that had the
higher fertility level: Osmocote 24N-4B—-8K,O at 4.2 kg
cu m (7 Ibs cu yd), amended with a trace element formula-
tion, Micromax at 1.5 Ibs cu yd (0.9 kg cu m), and 2.7 kg
(4.5 Ibs cu yd) of dolomitic limestone. Since all treatments
were exposed to the same fertility levels during the final 6.5
months of the experiment, this most likely minimized any
fertility differences than if the same moderate to moderately-
high fertility regimes had been maintained throughout the
This study demonstrates that AMF can survive in a com- duration of the experiment. However, it was our intent to
mercial container nursery. Among the four plant species, AMF maintain commercially acceptable plant growth rates. None-
colonization either increased or was not depressed at thetheless there was still significant fertility growth effects with

Statistical designFor mycorrhizal and plant growth data,
the experimentwas a 2 (+ AMF) x 2 fertility (3 and 4.2 kg cu
m of Osmocote 24N—-4B.—-8K 0) factorial in a completely
randomized design. All data were analyzed using Analysis
of Variance (ANOVA) [19].

Results and Discussion
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N. domesticaand the shoot growth & gregii. At the com- uptake (17). In a commercial nursery where fertility is gen-
mercial nursery where this study was conducted, 4.2 kg cu erally not a limiting factor, AMF growth differences are fre-
m Osmocote 24N-4B—-8K.0 is commonly used, although  quently more minimal as our study shows. However, during
fertility regimes will vary with plant materials. It is impor-  commercial production, if there is less plant stress [i.e., greater
tant to document which plants will colonize at moderate to resistance to high temperature (12, 13, 14)] that occurs be-
moderately-high fertility levels. While AMF enhancement cause of AMF colonization, which subsequently helps re-
of growth may be more dramatic at low fertility, it is impor-  duce the usage of pesticides and fungicides—then producers
tant that a commercial crop be produced as quickly as pos-can gain in environmental and economic savings.
sible to obtain a marketable size. Though not part of this study, the long-term goal of this

It has also been our observation that AMF are sometimes research is to evaluate other woody and herbaceous peren-
found with nursery liner plants. In part, this may be due to nial nursery crop species from propagation to production to
commercial nurseries not sterilizing their propagation and transplanting and establishment in the landscape. The nurs-
production media. However, though colonization can natu- ery industry wants to reduce chemical costs and usage, im-
rally occur, it is not necessarily with mycorrhiza that enhance prove plant quality, and command a higher price for their
plant growth or increase resistance to abiotic and biotic product. There are excellent opportunities to incorporate AMF
stresses. In our study, no colonization was detected with Non-in nursery production systems that help reduce levels of fer-
AMF plants. tility and pesticide usage, and enhance crop vigor and pro-

It is important to rethink that the main benefits of AMF  ductivity with recycled irrigation water. The value-added
are solely producing larger plants or increasing phosphorus benefits of AMF in producing superior plants needs to be

Table 1.  Effect of mycorrhiza (AMF) and fertility on colonization of four ornamental species grown in a commercial nursery.

Plant Species AMF Fertility Arbuscles Vesicles and endospores Hyphae Colonization
(kg cum) (%) (%) (%) (%)
Nandina DomesticéMoon Bay’
Yes 3 57+22 3.3+07 7.0+14 10.0+15
No 0 =0 0 0 0 *0 0 *0
Yes 4.2 53+1.6 0 =0 15.7 £+ 1.7 16.0 + 1.6
No 0 =0 0 0 0 *0 0 *0
Significance
AMF *% *% *%k *%
Fertility NS * * >
AMF x Fertility NS o * o
Photinia fraseri
Yes 3 0 13+0.7 93+11 93=+11
No 0 0 0 0 =0 0 =0
Yes 4.2 0 1.0+0.7 100+ 2.6 10.0 £ 2.6
No 0 0 0 0 =0 0 =0
Significance
AMF NS *% *% *k
Fertility NS NS NS NS
AMF x Fertility NS NS NS NS
Salvia gregii
Yes 3 47 +138 0.3 19.7 +35 19.7 £ 35
No 0 =0 0 0 =0 0 *0
Yes 4.2 2.7+08 0 42.7 £ 4.3 42.7 £ 4.3
No 0 =0 0 0 =0 0 *0
Significance
AMF *% NS *k *%
Fertility NS NS ki *
AMF x Fertility NS NS * i
Loropetalum chinenseariety Rubrum ‘Hinepurpleleaf’ Plumb delight
Yes 3 0 0 27+08 27+08
No 0 0 0 +0 0 0
Yes 4.2 0 0 7.7+15 7.7+15
No 0 0 0 +0 0 0
Significance
Mycorrhiza (AMF) NS NS x* ke
Fertility NS NS * o
AMF x Fert NS NS *k *

Means with standard error and ANOVA; n = 300.
YNS = nonsignificant, * = significant at 5% level, ** = significant at 1% level.
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Table 2.  Effect of mycorrhizal fungi (AMF) and fertility on growth and development of four ornamental species grown in a commegt nursery.

AMF Fertility Shoot DM Root DM Root/Shoot Ratio
(kg cu m) (9) (9) (9g9y
Nandina domesticéMoon Bay’
Yes 3 48.6 £ 4.5 184 +29 0.38 +0.01
No 385+35 13.2+1.9 0.34 £ 0.01
Yes 4.2 559+ 2.6 234 +5.1 0.50 +0.02
No 46.5 + 4.6 22119 0.40 =+ 0.01
Significance
AMF NS NS o
Fertility * * *x
AMF x Fertility * * *x
Photinia fraseri
Yes 3 68.9 114 0.17
No 74.3 12.8 0.16
Yes 4.2 90.3 114 0.13
No 77.4 13.8 0.18
Significance
AMF NS NS NS
Fertility NS NS NS
AMF x Fertility NS NS NS
Salvia gregii
Yes 3 38.6 +3.8 25.8 0.73
No 38.8 +3.7 21.3 0.54
Yes 4.2 46.1 +3.4 24.9 0.54
No 48.2+5.0 23.1 0.49
Significance
AMF NS NS NS
Fertility * NS NS
AMF x Fertility NS NS NS
Loropetalum chinenseariety Rubrum ‘Hinepurpleleaf’ Plumb delight
Yes 3 — 26.9 —
No — 22.9 —
Yes 4.2 — 30.6 —
No — 27.5 —
Significance
AMF NS
Fertility NS
AMF x Fertility NS

“Means with standard error and ANOVA; n = 25.
YNS = nonsignificant , * = significant at 5% level, ** = significant at 1% level.
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