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OBJECTIVES 

• Evaluate the combination of Signature and Nortica on a creeping bentgrass putting 
green 

• Assess the effect of Nortica on aeration recovery in early spring and mid-summer 
• Examine the interaction of Nortica and Signature on turfgrass performance and health 

 
MATERIALS AND METHODS 

Plots (8’ x 5’) were established on a creeping bentgrass (Agrostis stolonifera) var. L-93 putting 
green at the John Seaton Anderson Turfgrass Research Facility in Mead, NE.  The turf was 
mowed five times weekly at a height of 0.13 inches and plots were irrigated daily to replace 
80% of water lost through evapotranspiration (ET).  Experimental treatments were arranged in 
a split-strip plot design with three replicate blocks.  Treatments were a 2x2 factorial with or 
without fungicides (Chipco Signature and Daconil Ultrex) and with or without Nortica.  Initial 
treatments were applied on 6 May 2014 and were continued on regular intervals until 12 
August 2014.  Application rates and intervals are summarized in Table 1.  Treatments were 
applied with a backpack boom sprayer at 2 gal 1000 ft-2 spray volume. Plots were split in half 
and one side was aerated on 20 May 2014 and again on 24 July 2014 with a Toro ProCore 
equipped with 0.6” hollow tines on 1.5” spacing. 

Visual quality was rated every 14 days on a 1-9 scale, where 1 represented dead turf, 9 
represented perfect putting green quality, and 6 deemed minimally acceptable. Visual 
estimation of percent disease infestation was recorded at least every 14 days, and these ratings 
were made more frequently when disease pressure was higher. The maximum depth of rooting 
was measured once on 9 May 2014 and again on 16 Sept 2014; a soil probe (1” diameter) was 
used to extract three plugs per plot, and the rooting depth was measured on each plug. 

To assess aeration recovery, images were captured regularly immediately prior to and directly 
after aeration until plots were fully recovered. Percent surface cover was estimated by digital 
image analysis with the program ImageJ using methods similar to Richardson et al. (2001). 
Image color thresholds were adjusted to exclude non-green pixels (i.e., sand-filled aeration 
holes), and the number of green pixels was divided by the total number of pixels in the image 
to calculate the percent cover. Following the second aeration, the Dark Green Color Index 
(DGCI) was measured throughout the recovery period using the Spectrum GreenIndex 
smartphone/iPad application.  



Visual quality, % disease infestation, rooting depth, and % surface cover following aeration 
were subjected to repeated measures analysis of variation (ANOVA) to determine the effect of 
treatment on turfgrass performance. Non-significant interaction terms were then 
systematically removed from the largest interaction to main effects.  When significance was 
detected, treatment means were separated by the Student’s LSD. 

 

RESULTS 

Aeration Recovery 

Treatments containing Nortica, Chipco Signature/Daconil Ultrex, or both did not influence 
spring of summer aeration recovery (Table 2).  Digital image analysis of surface cover found 
aeration affected 6 to 8% of the surface (Figs. 1 and 2).  Recovery was slow three days after 
aeration but then quickly improved.  Surface cover approached the level non-aerated plots 
roughly one week after aeration. 

 

Visual Quality and Rooting 

Aeration had a significant effect on turfgrass visual quality rating.  Despite fairly rapid aeration 
hole recover (approximately one week), there was a trend of reduced visual quality several 
weeks after the spring aeration event and one week after the summer aeration event (Fig. 3).  
This indicates the late spring and mid-summer aeration did impose stress on the plant.  
Applications of Nortica did not help alleviate the decline in turfgrass quality following aeration 
(Table 2). 

The Chipco Signature/Daconil Ultrex fungicide treatment improved visual turfgrass quality 
rating.  The effect intensified as the summer progressed (Fig. 4).  In mid-August, turfgrass 
quality of the fungicide treatment was more than 1.5 quality units greater than the control.  
This is a substantial increase in turfgrass quality.  The improvement in quality also translated to 
an increase in rooting depth at the end of the study; 12 inches for the fungicide treatment 
compared to 10.5 inches for the control.  Dark green color index (DGCI) measured after the 
second aeration event was greater on plots treated with Chipco Signature/Daconil Ultrex 
compared to the non-treated control regardless of aeration practice (Fig. 5).   

Disease Outbreaks 

The months of June and August had near record precipitation.  As a result, there was a 
significant amount of brown patch pressure in 2014.  Brown patch first appeared during the 
first week of July when the daily high air temperatures exceeded 100°F and the soil was 
saturated (Fig. 6).  Brown patch intensified during mid-July, declined slightly with below average 
precipitation and air temperatures in late July, and then increased as the rain returned in 
August.  Fungicide treatment helped reduce brown patch incidence by as much as 86% 



compared to the control.  Nortica did not affect brown patch severity or influence fungicide 
performance (Table 2). 

The warm weather helped prevent dollar spot disease early in the summer (Fig. 7).  However, 
the below average air temperatures and above average precipitation in August elicited a small 
amount of dollar spot (less than 6%).  There was an aeration x fungicide interaction.  Plots that 
were aerated in summer had less dollar spot compared to non-aerated plots that weren’t 
treated with Chipco Signature/Daconil Ultrex.  Despite this result, the total area affect by dollar 
spot was small compared to the amount of area affected by brown patch during the same time. 

 

CONCLUSIONS 

Nortica did not affect any of the measured responses during the summer of 2014 in Mead, NE.  
Application of the fungicides increased turfgrass health and quality at least partially by 
inhibiting disease outbreak.  This led to a more uniform stand and increased rooting depth.  The 
green StressGard pigment may also have contributed to the increase in quality by increasing 
stand color and masking brown patch symptoms.  More research would need to be conducted 
to determine the effect StressGard has on other indicators of plant health such as plant 
pigment concentrations and levels of reactive oxygen species.   

 

  



Table 1. Treatment descriptions, rates, application intervals, and timing of initial application for 
2014 field study. 

Treatment 
Number Treatment Rate Application 

Interval Initial Application 

  oz 1000 ft-2 days  
1 Non-treated control - - - 

2 Daconil Ultrex 3.2 28 14 days pre-aeration Chipco Signature 4 
3 Nortica 12.9 28 Day of spring aeration 

4 
Daconil Ultrex 3.2 28 14 days pre-aeration Chipco Signature 4 
Nortica 12.9 28 Day of spring aeration 

 

 

Table 2. Compressed analysis of variance table for all the parameters examined in 2014.  

Source Visual 
Quality 
Rating 

Brown 
Patch 
Rating 

Dollar 
Spot 

Rating 

Final Root 
Depth 

Spring 
Aeration 
Recovery 

Summer Aeration 
Recovery 

 1-9 scale % cover % cover inches % Cover % Cover DGCI 
Nortica (N) ns ns ns ns ns ns ns 
Fungicides (F) *** *** ** * ns ns *** 
Aeration (A) ns ns ns ns *** *** ns 
Date (D) *** *** *** n/a *** *** *** 
N x F ns ns ns ns ns ns ns 
N x A ns ns ns ns ns ns ns 
N x D ns ns ns n/a ns ns ns 
F x A ns ns ns ns ns ns ns 
F x D *** *** *** n/a ns ns *** 
A x D * ns ns n/a *** *** ns 
N x F x A ns ns ns ns ns ns ns 
N x F x D  ns ns ns n/a ns ns ns 
N x A x D ns ns ns n/a ns ns ns 
F x A x D ns ns ** n/a ns ns ns 
N x F x A x D ns ns ns n/a ns ns ns 
* p-value less than 0.05 
** p-value less than 0.01 
*** p-value less than 0.001 
ns non-significant  
n/a not applicable 
 

 



 

Figure 1. Turfgrass recovery following spring aeration.  Percent cover was measured 
with digital image analysis in the ImageJ software program. 

 

 

Figure 2. Turfgrass recovery following summer aeration.  Percent cover was measured 
with digital image analysis in the ImageJ software program. 

 



 

Figure 3. Turfgrass visual quality rating as affected by spring and summer aeration.  
Arrows indicate aeration events. Visual quality was rated on a 1 to 9 scale where 1 
represents dead, 9 represents prefect, and 6 represents minimally acceptable quality. 

 

 

Figure 4. Turfgrass visual quality rating as affected by fungicide application.  Visual 
quality was rated on a 1 to 9 scale where 1 represents dead, 9 represents prefect, and 6 
represents minimally acceptable quality. 



 

Figure 5. Turfgrass dark green color index (DGCI) following summer aeration.   

 

 

Figure 6. Visual estimates of brown patch cover on the putting surface as affected by 
fungicide treatment.   

 



 

Figure 7. Visual estimates of dollar spot cover on the putting surface as affected by 
fungicide treatment and aeration.  Arrows indicate time of aeration events. 
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