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Introduction
Winter injury is a major problem on annual bluegrass putting greens (Poa annua L.) in the
northern climate of North America. Consequently, maximizing the cold hardiness level of the
plants prior to winter is important to their survival.
During the warmer summer months, plants have little ability to tolerate freezing. In preparation
for colder temperatures, plants undergo a number of highly active and regulated physiological
and morphological changes (Li, 1984), generally referred as cold acclimation or hardening. A
number of factors can induce hardening in plants including low temperature, short day length,
reduced soil and plant moisture, and appropriate plant nutrient levels (Gusta, Chen and Fowler,
1983).
Fall fertilization can have a significant impact on the ability of plants to cold harden. It is
generally accepted that excessive nitrogen fertility in the fall stimulates shoot growth and
reduces cold hardiness (Carroll and Welton, 1939; Carroll, 1943; Beard, 1973; Webster and
Ebdon 2005). In contrast, Powell et al, (1967) found that late fall nitrogen applications increased
rooting, stimulated photosynthesis and carbohydrate production. With regards to potassium,
application in the fall is typically associated with increased cold hardiness (Markland and
Roberts, 1967, Webster and Ebdon, 2005). However, Cook and Duff, 1974 found no connection
between plant tissue potassium content and cold tolerance. Similarly, Miller and Dickens (1996)
found that in bermudagrass, there was no benefit in applying potassium beyond the rate that was
required for normal growth.
Over the years there have been many recommendations with regard to fall fertility. For instance,
Beard and Reike (1966) and Hurto and Troll (1980) suggest that a ratio of 2:1 (nitrogen to
potassium) allowed for maximum plant survivability. Webster and Ebdon, 2005 found that high
seasonal potassium applications rates (441 kg ha-1 yr-1) produced maximum hardiness when
combined with nitrogen applied at low rates (49 and 147 kg ha-1 yr-1). This would indicate a ratio
of between 1:3 and 1:9 (nitrogen to potassium). These high rates of potassium produced soil
extractable potassium levels of 200-260. Their lab at University of Massachusetts does not
recommend potassium applications when soil extractable levels are above 125 ppm.
These contrasting results justify a study whereby one would correlate cold hardiness levels with
plant-nutrient status in order to maximize the cold hardening ability of the plant. Much of the
research information is dated and that which is more recent is in contrast to the previous
information. It is surprising that this area of study has such limited information due to the
widespread need of turfgrass managers to understand the relationship between plant nutrition and
cold hardiness.
Benefits of This Study
Results of this study will provide recommendations to turf managers for the fall application of
nitrogen and potassium to ensure maximum cold hardiness. It will also provide information on

the relationship between soil nutrient status, plant tissue content, and a plant’s abilities to cold
harden. The trial will be conducted on annual bluegrass, a grass that is considered to have a
moderate tolerance to cold temperatures
Golf course superintendents will be the main benefactors of this information as the trial will be
conducted on an annual bluegrass putting green. However, this information will also serve other
turf managers who wish to maximize plant health prior to the onset of winter. It is expected that
much of this information will be transferable to other grass species.
Objectives of this Study
The overall objectives are: 1) to determine the effects of fall applied nitrogen and potassium on
cold hardiness, 2) to determine the relationship between plant cold hardiness, soil nutrient status,
and plant tissue content, 3) to determine if soil nutrient deficiencies or excesses have an impact
on plant cold hardiness, 4) to develop recommendations based on soil nutrient and plant tissue
status with regard to fall fertilization in order to ensure maximum cold hardiness.
Methodology
This trial will be established on a USGA specification putting green located at Olds College.
This green was established in the summer and fall of 2012 with annual bluegrass seed cv. Two
Putt.
Baseline fertility levels will be established in year one where nitrogen and potassium are
considered deficient, while all other nutrients will be in the sufficiency range. These values will
be based on recommendations by Carrow, Waddington, and Reike (2001). Soil extractable
nutrient status and plant tissue testing will be used to determine deficient, sufficient and
excessive levels.
Plots that measure 1 X 2 m will be laid out in a randomized complete block design.
The trial will be initiated mid-August when applications of nitrogen (urea) and potassium
(potassium chloride) will be applied. Rates of application will be 0, 0.25, 0.5, and 1.0 times the
industry standard recommend rate of application (0.5 kg 100m2 mth-1) for each of nitrogen and
potassium. Applications will be made on a bi-monthly basis.
Plant cold hardiness levels will be determined by a freeze test previously described in research
conducted at the PTRC (Tompkins et al, 2000). As well, soil and plant tissue nutrient status will
be determined by laboratory analysis. Evaluations for cold hardiness levels will be conducted
three times in the fall and once the following spring. Soil nutrient, plant tissue status, and
turfgrass quality ratings will be assessed on a similar schedule.
Data will be analyzed using analysis of variance and regression.
Other Funding Applications Relating to this Project
This trial is intended to be conducted in two phases, which will depend on grants received. The
first phase, which is outlined in this application, will be conducted with the grant from the
CATR. The second phase of the study will be a more extensive test and will include other grass
species and will also correlate crown moisture content with nutrient levels and hardiness levels.
Phase two will be undertaken with a successful grant application from NSERC College and
Community Innovation Program Innovation Enhancement Grant. An application was resubmitted to NSERC November 1, 2013, with a notification date of mid-February 2014.

Progress to Date
Applications of nitrogen and potassium began in mid-August and were applied bi-monthly until
mid-October just prior to irrigation blowout. The nitrogen source was urea, while the potassium
source was potassium sulphate. The first application of urea was applied as a granular.
However, considerable ‘speckling’ occurred at the lower rate so subsequent applications were
liquefied prior to application. The potassium sulphate was applied as a liquid on each
application date.
Soil and tissue samples were collected and are currently being prepared for submission to a lab
for analysis. In the original proposal tissue samples were going to be collected at the mid and
end of October data collection periods. However, it was obvious that there would be no further
growth if we collected on both dates. As a result, tissues samples were collected on the final
rating date only.
Plant hardiness assessment occurred on three rating dates early, mid and late October. As the
final assessment of winter hardiness has not been determined pictures are attached that show the
treatment differences.

Figure 1 – This picture shows plugs that were sampled on October 16, 2013 from replication #1.
So what do the individual plugs represent?

As you move from left to right you will note the various treatments i.e. the various rates of
nutrient applied. The plug in the lower left hand corner is the lowest rate of nitrogen (0
grams/100m2) and the lowest rate of potassium (0 g). The one on the far right is the highest rate
of nitrogen (500g) and the highest rate of potassium (500g). The various plugs in between have
increasing levels of both nutrients as you move from left to right.
Plugs that range from bottom to top indicate exposure to different levels of freezing
temperatures. The bottom row was subjected to a temperature of -4oC for one hour. The next
row up was subjected to -7oC for one hour, while the middle row was subject to -10oc, the second
from the top -13oC and the top row to -16oC.
In this picture, it appears that all plugs at all nutrient levels are alive in the first row (-4oC).
However, by the third row (-10oC) some of the individual plugs may not be alive. To determine
survivability, plugs will be divided and the individual plants within the plugs will be assessed as
either live or dead. If more than 50% are alive then the LT50 (where 50% of the plants are alive)
would be considered to be somewhat lower. The researchers will determine this for each of four
replications which will provide for greater certainty that the results are valid.

Figure 2 shows various trays of plugs from the various sampling dates. These will be assessed
for relative hardiness levels. A trend is apparent that as temperatures decrease, survivability also
decreases.

