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Abstract 

Background:  Arbuscular mycorrhizal fungi provide benefits to plants, especially under stressful growing conditions. 
These symbiotic fungi can be applied as biofertilizers prior to transplant in order to increase establishment success in 
the field. Roots are often trimmed at the time of transplant to reduce the probability of J-rooting, the upward orien-
tation of roots within a planting hole which can lead to root death and disease. The effect of root trimming on the 
mycorrhizal symbiosis is unknown. It is possible that trimming may remove the active mycelium, nullifying the effect 
of inoculation. We conducted a greenhouse study to test the effect of root trimming on the mycorrhizal symbiosis in 
grapevine.

Results:  The mycorrhizal symbiosis persisted after root trimming. Trimming reduced the abundance of AM fungi in 
older roots. The fungi were able to recolonize the new roots in trimmed vines, and these roots had more arbuscules 
compared to older roots, which had mostly vesicles. Trimmed vines had lower shoot, but not root, biomass.

Conclusions:  The mycorrhizal symbiosis persisted in the roots, despite trimming, likely due to fungal structures in 
older, untrimmed roots serving as propagules. We conclude that inoculation with AM fungi prior to field transplant is 
robust to root trimming, at least for the isolate examined in this study.

Keywords:  Arbuscular mycorrhizal fungi, Root, Pruning, Transplant, Grapevine, J-root

© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creat​iveco​mmons​.org/licen​ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creat​iveco​mmons​.org/
publi​cdoma​in/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Background
Grapes are an important global crop grown for both wine 
and fruit production. Perhaps the most vulnerable part of 
the growing cycle is transplant from nursery to vineyard. 
When plants are transitioned from the nursery to the 
field, they are exposed to unfamiliar abiotic conditions 
and soil pathogens, often acting as stressful factors affect-
ing vine growth [1–4]. An important research goal is to 
find sustainable methods to improve vine establishment 
during transplant into the field.

One cultural method used to improve vine establish-
ment during transplant is trimming roots. This prac-
tice reduces the incidence of roots growing upward 
because of limited space in the planting hole, resulting 
in a “J-rooting” pattern. J-rooting can lead to root death 
and has been associated with the incidence of root and 

trunk disease [4]. To avoid J-rooting, roots are aggres-
sively pruned before planting. Such trimming practices 
are associated with increased proliferation and growth 
rate of roots [5].

Although pruning reduces the incidence and sever-
ity of J-rooting, it is not without drawbacks. Pruning 
wounds root tissues, making them vulnerable to infection 
[6, 7]. In addition, trimming reduces the vigor of young 
vines, likely due to a smaller root system and subsequent 
reduced water uptake and transpiration [8, 9].

One consequence of root pruning rarely considered 
is the impact it has on beneficial root endophytes, such 
as arbuscular mycorrhizal (AM) fungi. AM fungi are 
obligate root symbionts that associate with the roots 
of most plants [10]. They grow from root cortical cells 
into the surrounding soil, greatly increasing resource 
access and uptake by plants [11]. Soil resources are 
exchanged for plant-derived carbon within specialized 
fungal structures called arbuscules, which are highly 
branched hypha enveloped by a root cell. The AM hyphal 

Open Access

*Correspondence:  Miranda.hart@ubc.ca
1 UBC Okanagan, 3333 University Way, Kelowna, BC V1V 1V7, Canada
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-2503-8326
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40538-019-0159-y&domain=pdf


Page 2 of 6Holland et al. Chem. Biol. Technol. Agric.            (2019) 6:21 

network significantly increases the uptake of resources 
and improves stress tolerance. For instance, AM fungi 
help maintain vine growth in saline soils [2], reduce the 
impact of pathogens [12] and improve plant water status 
and water-use efficiency [13].

How root pruning affects the mycorrhizal symbiosis is 
not known. It is likely that the distribution of AM fun-
gal structures through the root system will influence the 
impact of root pruning on the symbiosis. For instance, 
arbuscules are often found in young absorptive roots 
near the growing root tips, whereas vesicles and spores 
are more abundant in older roots [14–16]. Depending on 
the severity of root pruning, the entire mycelium may be 
eliminated. Alternatively, trimming only the young grow-
ing roots may remove the hyphae in the root tips, leav-
ing only fungal storage structures (i.e., vesicles) within 
the older root system—perhaps serving as an inocu-
lum source for new roots. If the mycorrhiza cannot re-
establish, the young grapevines will be at a significant 
disadvantage due to the reduced root area and the loss 
of symbiotic benefits. Thus, trimming, while useful to 
prevent J-rooting, may inhibit a functional AM symbio-
sis that could be critical for the survival of the grapevine 
during the transition from nursery to field.

The goal of this experiment was to determine how root 
trimming practices affect the mycorrhizal symbiosis. We 
hypothesized that root trimming would either reduce or 
eliminate the active mycorrhiza from grapevine roots.

Methods
Rootstock preparation and treatment
Rootstock canes were collected from the rootstock col-
lection block at the Summerland Research and Devel-
opment Centre, Agriculture and Agri-Food Canada, 
Summerland BC, in May of 2017. Twelve canes of simi-
lar diameter were collected for each of four rootstocks 
(5C, 3309C, 101-14Mgt, and Ramsey). The canes were 
soaked in 10% bleach for one minute and then rinsed 
with reverse osmosis (RO)-treated water. The basal end 
was cut within 5 mm below a node leaving three or four 
viable buds above the cut. The basal ends of the canes 
were soaked in liquid rooting hormone, indole-3-bu-
tyric acid (5000 ppm), for 4 min and then allowed to dry 
before planting in a rooting box filled with damp perlite. 
The rooting box was placed in a cooler at 4  °C to delay 
bud break of apical buds, while a heating pad underneath 
maintained a root zone temperature of 22 °C to promote 
rooting.

Once roots had established, the rooted canes 
were transplanted into 4  L pots, in a 1:2 mixture of 
Turface:Sand. Each vine was inoculated with 15  mL 
of AgTiv® Specialty Crops wettable powder (Rhizoglo-
mus irregularis at 20,000 propagules per g) which was 

distributed over the roots, covering them prior to filling 
the pot with media. These were grown in the Summer-
land Research and Development Centre greenhouse for 
1  year, provided supplemental lighting to ensure a 16-h 
photoperiod, watered two or three times a week to satu-
ration, and fertigated bi-weekly with a solution of 15 mL 
of Miracle-gro (24-8-16) dissolved in 6 L of water. After 
1 year the plant roots were checked for mycorrhizal colo-
nization using staining and microscopy, explained in the 
following section.

Having confirmed colonization, the root trimming 
treatment was applied to half of the plants in June of 
2018 at the University of British Columbia Okanagan 
campus, Kelowna BC, Canada. Before treatment, all the 
vines were removed from their pots and rinsed of plant-
ing medium. Six vines of each rootstock had the actively 
growing lower zone of the root mass removed leaving 
only < 10  cm of root tissue and the remaining six vines 
were left untrimmed. All plants were repotted into 8-L 
pots with new sterile medium composed of sand. All 
vines were arranged in a completely randomized design 
on a greenhouse bench.

The vines were grown for 4 months to allow new root 
growth. During this time, plants were irrigated via drip 
emitters, providing 300  mL of water every day. Plants 
were grown with supplemental lighting to ensure they 
received a 16-h photoperiod. At the end of 4  months, 
aboveground biomass was harvested, weighed, dried 
in an oven (50 °C) for 48 h, and re-weighed. Roots were 
removed from pots and washed free of any sand, and two 
5-g samples were taken from the root mass and stored at 
4 °C for visual analysis and molecular quantification. One 
root sample was taken from the actively growing roots 
within the bottom 5 cm of the roots. The other was taken 
from the older roots, no longer actively growing, within 
5  cm of the stem base. The remaining roots were dried 
50 °C in an oven for 48 h and weighed.

Staining and visual quantification
The sampled roots were stained and visually inspected 
for the abundance of arbuscular mycorrhizal structures. 
A staining protocol was used, modified from Vierheilig 
et al. [17]. Roots were soaked in 10% KOH, at 90 °C, for 
3 h, followed by soaking overnight in room-temperature 
10% KOH. Roots were then rinsed with RO water and 
stained for 15  min in a 90  °C, 5% solution of Sheaffer 
black ink:5% vinegar. Last, the roots were de-stained 
for 20  min in 0.01% vinegar:RO water. The roots were 
mounted in polyvinyl-lacto-glycerol (PVLG) and baked 
at 60 °C until the media hardened, then viewed at 200× 
magnification to quantify the abundance of mycorrhizal 
structures (vesicles, arbuscules and AM fungal presence/
absence) using the method of McGonigle et al. [18].



Page 3 of 6Holland et al. Chem. Biol. Technol. Agric.            (2019) 6:21 

DNA extraction and molecular AMF quantification
To perform molecular quantification of the AM fungal 
isolate, DNA was first extracted from the two 0.1-g sub-
samples of roots per plant (one from the upper root-sys-
tem sample, one from the lower active root zone isolated 
during harvest), according to the manufacturer’s proto-
col (MPBio FastDNA™ SPIN kit (MP Biomedicals LLC). 
This was followed by digital droplet (dd) PCR, which 
quantifies the number of a specific gene segment within 
a sample.

To quantify AM fungi, we targeted a segment of the 
mitochondrial DNA (mtDNA) specific to the com-
mercial isolate using a probe-based reaction (197198F 
5′-AGC​AAA​TCT​AAG​TTC​CTC​AGAG-3′ [19]; Reverse 
5′-ACT​TCT​ATG​GCT​TTG​TAC​AGG-3′; and probe 
5 ′-FAM/CCC​ACC​AGG/ZEN/GCA​GAT​TAA​TCT​
TCCTT/3IABKFQ-3′ [20]. Each ddPCR contained: 10 μL 
of 1× ddPCR SensiMix (supermix for probes by Bio-Rad 
Inc), 1  μL of 20× primer–probe mix (Integrated DNA 
Technologies) (500  nM primers and 250  nM probe in 
final reaction), 2 μL of undiluted root DNA and 7 μL of 
DNase-free water, for a total volume of 20 μL. The total 
reaction volume in addition with 70 μL of Bio-Rad Drop-
let Generator Oil for Probes was used to produce 40 μL 
of droplets, via the Bio-Rad QX100 Droplet Generator. 
Thermal cycling conditions were 95  °C for 10  min, fol-
lowed by 40 cycles of 94 °C for 30 s and 59 °C for 30 s, fol-
lowed by a single step at 98 °C for 10 min; the ramp rate 
was increased by 2 °C/s.

Droplet analysis was carried out on the BioRad QX100 
and raw data were collected using Quantalife software 
(Version 1.7.4.0917, Bio-Rad Laboratories Inc.). For each 
run, we included three non-template controls (NTC) 
containing no DNA and three negative controls which 
contained no commercial inoculum DNA. The former is 
to eliminate the possibility of contamination and the lat-
ter to determine the fluorescence amplitude threshold.

Statistical analysis
A linear mixed model was used, to compare the abun-
dance of mtDNA (ddPCR) and mycorrhizal struc-
tures. The lme4 package was used with the formula 
lmer(Response ~ Treatment * Region + (1 | Rootstock)), 
where Treatment and Region are main effects and Root-
stock is a random factor. For plant responses (dry root 
mass and dry aboveground mass), a similar model was 
used with the formula lmer(Response ~ Treatment + (1 | 
Rootstock)), where Treatment is main effect and Root-
stock is a random factor. Welch’s Two-Sample t-test was 
used in some instances to compare groups after signifi-
cant interactions were detected between treatments.

Results
Root trimming effects on AM fungi and rootstocks
Trimming did not affect mtDNA concentration within 
root systems (Table  1) but an interaction was found 
between trimming and region of root system sampled 
(p = 0.035), indicating that trimming reduced AM fungal 
mDNA abundance in the older root zone only (t = 2.97, 
p = 0.006) (Fig. 1). The abundance of mycorrhizal struc-
tures was not influenced by trimming (Table  1). Vines 
had lower aboveground biomass (approximately 12%) 
when roots were trimmed (p = 0.039), but root biomass 
was not affected by the trimming treatment (p = 0.176) 
(Table  1). There was no interaction between rootstock 
identity and root trimming in regard to AM fungal abun-
dance or plant biomass. 

Old versus new roots
There was no difference in fungal mtDNA abundance 
between older and newer roots (p = 0.204) (Table  1). 
There were, however, more arbuscules in the newer roots 
(p = 0.004), but vesicle abundance (p < 0.001) and total colo-
nization (p = 0.004) were higher in the old roots (Fig. 2).

Discussion
Contradictory to our hypothesis, root trimming did not 
reduce the abundance of AM fungi in new roots. How-
ever, root trimming decreased fungal abundance within 
the old roots.

The impact of root trimming on the mycorrhizal symbiosis
We predicted that a trimmed root system would have less 
AM fungal abundance due to the removal of mycorrhizal 
resources. Instead, the AM fungi in this study tolerated 
the trimming treatment, with both new and old roots 
exhibiting high levels of AM fungal mtDNA and coloni-
zation 15 weeks post-trimming. In general, root damage 
has been found to reduce fungal abundance. For instance, 
disrupting roots via soil tillage has been shown to signifi-
cantly decrease the abundance and slow the development 
of mycorrhizae [21–23]. Similarly, early root herbivory 
can decrease the ability of mycorrhiza to form [24], but 
herbivory effects on AM fungi will vary on a per-study 
basis [25]. In our study, because only the youngest roots 
are removed by root trimming, it is likely that the myce-
lium in older roots served as inoculum for new root 
growth.

Whether or not this resistance to disturbance is true 
for all AM fungi remains to be seen. Due to physiological 
differences among AM fungal species, such as propagule 
production [26, 27], different AM fungi will vary in their 
response to disturbance such as root trimming or dis-
ruption [28]. For instance, tillage in agricultural studies 
has led to shifts in AM fungal community composition, 
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resulting in decreased diversity [21, 28]. Species that 
grow rapidly or produce more vesicles and spores are 
likely to become the dominant species in these situations 
[29–31]. Trimming represents a specialized form of dis-
turbance compared to tillage. Because the mycelium is 
only retained within the roots—and not in the soil—only 
fungi capable of regrowth from root colonization may 
tolerate root trimming. Taxa that rely on spores or soil 
hyphae to initiate new infection units (i.e., Gigasporaceae 
and Scutellospora [27]) may be unable to regrow follow-
ing trimming. Similarly, the vines will be subjected to a 
resident fungal community in the field, unlike our system 
where they were trimmed and potted into sterile media. 

It may be that the residual mycelium in trimmed roots 
may not be competitive with resident fungi, and may fail 
to persist in field conditions. This remains to be tested.

Trimming lowered the abundance of AM fungi within 
the older roots. Our measure of fungal abundance, 
mtDNA concentration, is also associated with metabolic 
activity. This difference in mtDNA, together with the lack 
of difference in colonization (arbuscules, vesicles and 
total), indicates less mycorrhizal activity within the older 
roots of trimmed root systems. Why does trimming the 
root system lower the mycorrhizal activity within the older 
roots? It could be that trimming roots causes a greater 
need for the regeneration of new roots and mycorrhizal 
symbiosis. Further, it has been shown that plants with a 
loss of root area may depend more upon the mycorrhi-
zal symbiosis [32, 33]. If trimming causes increased root 
production and a greater dependency on the mycorrhizal 
symbiosis, more mycorrhizal development would likely be 
concentrated in newer roots, pulling resources and activ-
ity away from the older root system potentially resulting in 
the increased mtDNA in the lower, younger roots. While 
this is speculative, it indicates that a better understanding 
is on how root disturbance, such as root damage, can influ-
ence both plant carbon and biomass allocation, and the 
subsequent effects on mycorrhizal development.

Distribution of AM fungal structures between old and new 
roots
Older roots harbored more vesicles and overall coloniza-
tion of AM functional structures than newer roots, which 
had more arbuscules. Similar results have been found 

Table 1  Linear mixed-effect model results for  different 
fungal and  plant responses measured after  vines were 
either trimmed or not, and from different areas of the root 
system

N/A refers to comparisons that were not applicable

The lmer package (from the lme4 package) was used to determine differences in 
response due to a trimming treatment and between root areas (for mycorrhizal 
measures), including their interaction. Rootstock included as a random factor, 
not shown due to lack of interaction. Italicized values indicate significance at 
p = 0.05

Factor Effect

Trimming 
treatment

Upper vs. 
lower roots

Interaction

mtDNA concentration 0.222 0.204 0.036

Arbuscules 0.765 0.004 0.979

Vesicles 0.302 < 0.001 0.997

Total colonization 0.629 0.004 0.721

Aboveground mass 0.039 N/A N/A

Root mass 0.176 N/A N/A
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Fig. 1  The quantity of AM fungal mitochondrial LSU gene copies in 
root systems that were trimmed (trim) or not (non-trim), and from 
either the old and young roots. An interaction was detected between 
trimming and root location (p = 0.033). The asterisk indicates a 
difference in AM fungal mtDNA between the non-trimmed old 
and trimmed old roots, detected using a Welch Two-Sample t-test 
(t = 2.97, p = 0.006)

Fig. 2  Percent colonization of vine roots collected from the 
‘old’ and ‘young’ roots of 48 rootstocks. The quantity of all three 
structures differed between zones (total, p = 0.004; vesicles, p < 0.001; 
arbuscules, p = 0.004)
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previously in grapevine [16] and other plant species [34]. 
The lower roots are smaller, unbranched, and responsi-
ble for accessing and absorbing nutrients and water [35]. 
Arbuscules are short-lived structures with highest abun-
dance in young roots, declining with age [14, 34]. There-
fore, in the present study, it was expected that arbuscules 
would be more abundant in these lower roots, allowing 
for more nutrient exchange in this zone, and that arbus-
cular degradation would occur in older roots. The abun-
dance of vesicles in the older roots suggests that they 
were primarily a source of carbon for the fungus, since 
these structures are important in providing resources to 
new mycorrhizal growth [27, 36]. It is likely that the vesi-
cle and hypha contained within older roots served as a 
source of inoculum for the trimmed roots.

Root trimming and vine growth
The reduction of vine shoot biomass due to root trim-
ming has been seen in previous studies [37, 38]. This 
response may be from a combination of nutrient limi-
tations due to reduced root biomass, plus an allocation 
of plant resources to root growth [5]. This initial loss of 
aboveground biomass may reduce the first years’ growth 
after transplant, but whether this has long-term effects 
on vine establishment, such as years until fruit set, is 
unknown.

That we observed no difference in root biomass 
between trimmed and untrimmed root systems provides 
evidence that root trimming increased the allocation of 
biomass toward root development and regeneration, 
maintaining their shoot:root ratio. This redistribution 
of biomass in response to root trimming has been pre-
viously observed [39, 40]. This increase in root produc-
tion is important to growers as it indicates that the root 
system will regenerate after root pruning, while also 
being provided the benefits of avoiding J-rooting. While 
aboveground biomass production may be reduced, the 
allocation toward root may be more beneficial in the 
establishment of young vines, an area that needs to be 
tested further in the field.

Conclusion
This study indicates that root trimming does not com-
promise the AM symbiosis under the conditions of our 
experiment. AM fungi persisted in the roots, regardless 
of root trimming. It is probable that older roots with an 
abundance of vesicles served as a source of inoculum for 
new roots post-trimming. It is also likely that after root 
trimming, more resources are allocated to the root sys-
tem to recover lost biomass, and mycorrhizal fungi are 
more active in the lower roots of a trimmed root system. 
Whether these findings would be similar for all species 

and isolates of AM fungi remains to be seen. The high 
vesicle colonization and re-colonization of newly growing 
roots observed in this study indicate that the commercial 
isolate used in this study may be a suitable choice for pre-
colonizing vines. However, it will be important for future 
research to test the role of resident fungi within vineyard 
soils in affecting the persistence of the pre-inoculated 
fungus.
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