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1. Introduction	

1.1 Effects	of	seaweed	extracts	
 

Algae products have been used for centuries as fertilizers and soil conditioners in coastal horticulture. 
(Aitken & Senn, 1964)  Nowadays, ingredients refined from seaweeds are used in a broad spectrum of 
products like cosmetics, food and paint.  

Algae extracts are biostimulants in plant production. The effects are not explained by the content of 
nutrients, but by the presence of hormone-like plant growth regulators (Crouch & van Staden, 1993). 
Commercial seaweed products improve stress tolerance and reduce plant disease in several crops in 
horticulture and agriculture (Verkleij, 1991). It has been difficult to explain the registered effects in 
various crops.   Kahn et al. (2009) made a comprehensive review of how marine algae products affect 
plant growth in agricultureal systems.  

Algae products have positive effects on bent grass during heat stress (Zhang & Ervin, 2004, 2008).     

Munshaw et al. (2006) did not find that seaweed extract affected frost resistance or turf colour in 
bermudagrass cultivars. 

Later, effects on freezing tolerance have been studied and explained. Extracts from brown seaweed 
(Ascophyllum nodosum) lowered the LT50 value of Arabidopsis thaliana by 3°C because of changes in 
the plant’s cell membranes. Gene responses to some fractions of the seaweed extract suggested an 
explanation to this (Rayirath et al., 2009). A genetic analysis proved that a particular fraction of the 
extract considerably changed the gene expression of Arabidopsis thaliana (Nair et al., 2012) 

The objective of this study was to test if AlgeaGreen ® could improve the winter stress tolerance of 
cold season grasses.  

 

1.2 This	experiment	
Through the Scandinavian Turfgrass and Environment Research Foundation (STERF), OGT initiated 
trials to determine the effects of AlgaeGreen ® on turf quality and turf winter stress tolerance on golf 
greens. This report sums up results from the first experimental year, from June 2016 to April 2017. 
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2. Materials	and	Methods	

2.1 Experimental	site	
The experiment was established 10 June 2016 on an USGA-spec. green constructed in August 2007 at 
NIBIO Landvik (58º20’N, 8 º32’ E, 6 m a.s.l). The organic amendment in the root zone material was 
peat. Plant available soil water content at field capacity was 20 % (v/v), or 40 mm in the 20 cm root 
layer. 

 

2.2 Field	experiment	plan		
 

The experiment was arranged according to a split-plot design with 4 blocks (replicates):  

The treatments were  

A. Factor 1: Algae extract application (main plots) 
a. AlgaeGreen ® ,15 l/ha every second week from 17 August to 12 October, seven 

applications altogether.  
b. Untreated control  

B. Grass species (subplots) 
a. creeping bent grass (Agrostis stolonifera)  
b. red fescue (Festuca rubra ssp commutata)  
c. perennial ryegrass (Lolium perenne)  
d. annual  meadow-grass (Poa annua) 

 

2.3 Turf	establishment		
 

Creeping bent dominated turf from previous experiments was removed with a sod cutter spring 2016.  

Before seeding on 10 June, 62 g/m2 organic granular fertilizer based on chicken manure and bone 
meal, Marihøne Pluss 8-4-5 (Norsk Naturgjødsel, Voll, Norway), was applied.  

Three grass species were sown by hand and the seed raked into the soil mixture before compacted by 
foot. The species and cultivars were creeping bent grass (Agrostis stolonifera) ‘Independence’, (8 
g/m2), red fescue (Festuca rubra ssp commutata) ‘Musica‘, (20 g/m2), perennial ryegrass (Lolium 
perenne) ‘Chardin’ (20 g/m2).  Annual meadow-grass (Poa annua) was established by using plugs (5 
kg/m2) from hollow coring an old green at Borregaard Golf Club, Sarpsborg, Norway. The cores were 
collected the previous day and stored cold overnight and spread on the plot surface before compaction 
by foot.   

The experimental green was covered with light, white acrylic fabric (Agryl) and irrigated three times 
per day, sum 5 mm. The cover was removed on 21 June.  
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2.4 Green	maintenance		
 

Mowing 

The green was mowed three times a week (Mon., Wed., Fri.) with a single (walk behind) greens mower. 
The mowing height was reduced from 15 mm on 24 June to 5 mm on 20 July, and maintained at this  
cutting height until the last mowing on 31 October.  

 

Fertilization 

During the grow-in phase, fertilizers were applied weekly. When the application of AlgaeGreen ® 
started on 17 August, fertilization took place every second week, and red fescue received half rate 
compared to the other species.   

 

Photo 1: The experiment green was seeded, except annual meadow grass. In front to the left 
hollow core plugs are spread on surface.  Photo 29 June 2016, 19 days after seeding: Agnar 
Kvalbein.  
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Table	1.	Fertilizer	rates	applied	during	grow-in	and	the	experiment	period.	From	experiment	treatment	started	on	16	
August,	red	fescue	plots	received	50%	of	the	rates.		
Date		 g	N/m2	 g/m2	 Fertilizer	product		
21	June	 2.99	 23	 Andersson	13-2-13	
8	July	 1.84	 40	 Wallco	Blomstra	
12	July	 3.22	 23	 Greenmaster	14-0-10	
19	July	 2.25	 49	 Wallco	Blomstra	
26	July	 2.25	 49	 Wallco	Blomstra	
3	Aug	 1.84	 40	 Wallco	Blomstra	
16	Aug	 1.66	 36	 Wallco	Blomstra	
30	Aug	 1.38	 30	 Wallco	Blomstra	
14	Sep	 1.0	 22	 Wallco	Blomstra	
29	Sep	 0.64	 14	 Wallco	Blomstra	
12	Oct	 0.28	 6	 Wallco	Blomstra	
SUM		 19.4	 	 	

	
Andersson 13-2-13 is an ammonium sulfate based fertilizer, while Greenmaster has 45% urea based 
nitrogen and 55% ammonium nitrogen. They are both granular and include magnesium.  

Wallco Blomstra is a complete mixture of nutrients. Sum applied nutrients was:  

N: 19.4, K:15.3, S:5.2, P:2.8, Mg:1.0, Ca:0.7, Fe:0.5, Mn:0.07, Zn:0.03, B:0.03, Mo:0.001 (g/m2). 

 

Irrigation 

After each fertilization 5 mm water was applied. In addition, the green was irrigated to field capacity 
when needed.  

 

Wear treatment 

From the first experimental treatment on 17 August, a wear roller with soft spikes and friction was 
used after each mowing (tree times rolling per week corresponding to 25 thousand rounds of golf per 
year) until 21 September. Later the green was rolled once a week until 10 October.  

 

Topdressing 

Pure silica sand 0.2-0.6 mm was applied 29 July, 19 Aug, 2, 9, 16, 30 Sept, and 7 Oct. at a rate of 0.5 
mm, total 3.5 mm sand or 5.2 kg/m2 
 

Fungicide treatment 

At first visible sign of disease, the green was sprayed on 20 Sept. with 500 ml/ha Delaro 
(prothioconazole 175 g/l + trifloxystrobin 150 g/l), which is the lowest label recommended rate.  
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2.5 Weather	conditions		
 

The summer 2016 was suitable for grass growth with temperatures around 15°C and frequent natural 
precipitation. September was dry and very warm compared to the 30-year reference period 1961-1990.  

	
Table	2.	Monthly	weather	data	at	Landvik	during	the	establishment	and	treatment	period	in	2016,	and	reference	values	
1961-1990		

	 Air	temperature	(°C)	 Precipitation	(mm)	

Month	 Mean		 Max	 Min	 Normal	 2016	 Normal	

June	 15.8	 20.0	 10.5	 14.7	 110	 71.0	

July	 16.4	 21.2	 11.5	 16.2	 101	 92.0	

Aug	 15.5	 20.3	 10.6	 15.4	 122	 113.0	

Sep	 15.1	 19.6	 10.7	 11.8	 36	 136.0	

Oct	 7.6	 10.1	 4.9	 7.9	 117	 162.0	

Nov	 2.7	 5.8	 -1.0	 3.2	 257	 143.0	

Dec		 3.7	 7.4	 0.0	 0.2	 43	 102.0	

Jan	 1.7	 10.4	 -9.7	 -1.6	 65	 113	

Feb	 0.4	 10.7	 -11.3	 -1.9	 138	 73	

Mar	 3.4	 21.7	 -12.1	 1.0	 117	 85	
 

 

During the period of treatment and plant winter acclimation, the temperature dropped below normal 
the first week of November with minimum temperatures at -6°C some days. The turf was not exposed 
to the low temperatures because the extreme precipitation on 5 November (147 mm) turned into snow 
that protected the greens until it melted on 14 November. 

 

Snow cover 5-12 Nov – soil not frozen 

7-21 Feb. light frost in soil 

5-14 March  : soil not frozen.  

+ some scattered snowfalls that melted the same day.  

About 35 days snow cover in total.  
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Figure 1. Air temperatures during the experiment period autumn 2016.  

 

 

Figure 2. Daily precipitation during the experiment period autumn 2016. Extreme value 5th 
November was 147 mm (graph reduced to make the other values visible).  
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2.6 Freezing	test	method	
 

Turf grass was sampled from the greens as cylinders Ø=50mm and depth 5 cm on Friday 25 
November, before expected green soil frost, and stored out-doors in open, clear plastic bags until 
Monday 28 November. Then the plant cores were thawed for 24 hours in darkness at +4°C.  

 

The grass plants were separated into single plants consisting of 2-3 shoots, and roots washed in cold 
water and cut to 2 cm length. The four research technicians worked with one block each. 90 plants 
from each plot of A.stolonifera and F.rubra (for temperatures 4, -18, -21,-23,-24,-27,-30,-33,-36), and 
60 plants of P.annua and L.perenne (for temperatures 4, -9,-12,-15,-18,-21) were prepared. 

Bundles of 10 plants were wrapped in moist paper towel and labelled with plot number and freezing 
temperature. Plant bundles assigned to same test temperature were split on two freezers (A: block 1&2, 
B: block 3&4)    

 
Photo 2. Separation and bundling of plants for freezing test. Illustration photo from project in 
2014. Agnar Kvalbein  

 

Bundles were placed in a plastic boxes with 3 cm moist sand holding 4 ˚C in the bottom. One box for 
each test temperature in each freezer. When all plants were prepared, more sand was added until the 
bundles were surrounded by 2 litre moist sand.  Two dummy sand filled boxes in each freezer hosted 
surveillance thermometers.   

The boxes were placed in the freezers and kept at -2 °C until temperature was stabile, approximately 
for 12 hours. (Some minor temperature fluctuations occurred when water turned into ice). Then the 
temperature was lowered by 2° per hour until  the temperature was -12˚C. From this temperature, the 
decrease was adjusted to 3˚/h. The boxes were removed from the freezing boxes when thermometers 
showed the right temperature. The maximum deviation between the two thermometers in each box 
was less than 0.8 ˚C. The process from -2 to – 36 °C took 25 hours.  

Sand boxes melted during 12-24 hours at 4 ˚C. The plants were then unpacked and planted block by 
block in pot trays and set for regrowth in a growth chamber at 23 ˚C (day) / 16 ˚C (night), 16-h 
photoperiod and PPFD ca. 150 µmol/m2/s.   
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Ten plants from each plot that were bundled, split and wrapped, were planted for regrowth 6 hours 
after bundling, and served as viability control of the grass.  

The number of surviving plants from the freezing temperatures were registered after 21 days, on 22 
December, and LT50- values calculated.  

 

 
Photo 3. Knud Höeg Rasmussen joins a preliminary registration in the growth chamber. Photo: 
A.Kvalbein. 

 

1.1 Field	assessments	in	autumn	2016	and	spring	2017	
The field plots were observed every second week from August to December 2016 and shortly after 
snow melt on 21 February and 20 March 2017.  The following characters were recorded:  observations 
were carried out on 28 March and 3 April. 

 

The following characters were recorded:  

• Turf grass overall impression (scale 1-9 from a golfer’s point of view: evenness and playability) 
(totally 6 assessments in 2016 and 1 assessment in spring 2017); 

• Disease (% of surface infected, mainly by Microdochium nivale) (totally 6 assessments in 2016 
and 4 assessments in spring 2017); 

• Chlorophyll index, 5 readings per plot at 1 m distance with a Fieldscout CM 1000 Chlorophyll 
Meter (mod. 2950, Spectrum Technologies, Inc.). Totally 5 assessments in 2016 and 2 
assessments in spring 2017. If too dark (cloudy) on the registration date, the reading was 
postponed. 

• Colour (scale from 1 (brown/grey) to 9 (fresh green), totally 4 assessments in spring 2017. 
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2.7 Statistical	analyses	
The field data for each parameter were averaged separately for 2016 and for the spring 2017.  LT50s 
were calculated by PROBIT analysis using the logistic distribution in SAS (version 9.4, SAS Institute 
Inc., Cary, NC, USA). All parameters were analysed using the SAS procedure PROC ANOVA for the 
split-plot design. Significant differences among treatments were identified using the Fisher’s least 
significant difference (LSD) at the 5% probability level. 
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3. Results	

3.1 Turf	quality	in	the	field	
 

There were significant differences between the grass species. Creeping bentgrass gave a better overall 
impression than red fescue, and annual meadow grass plots scored lower than the other species.  
Creeping bent grass had significantly better green colour than perennial ryegrass and annual meadow 
grass in the autumn. Red fescue was less green than the other species.  

Autumn treatments with AlgaeGreen ® gave no effect on the turf grass quality in the field.  

	
Table	3.	Field	registrations	of	turfgrass	quality	from	August	to	Dec	2016,	and	results	of	freezing	test	performed	first	week	
of	December.		
	 Overall	impression	 Disease	%	 Chlorophyll	index	 LT50	value	

°C	
Agrostis	stolonifera	 4.9	a	 0.2	a	 201	a	 -27.8	a	
Festuca	rubra	 3.4	b	 0.2	a	 161	c	 -20.2	b	
Lolium	perenne	 4.1	ab	 0.0	a	 190	b	 -18.1	c	
Poa	annua	 2.3	c	 0.6	b	 181	b	 -17.5	c	
P	 0,0001	 0,0009	 0,0001	 0,0001	
	 	 	 	 	
Control		 3,7	 0,2	 186	 -20.4	b	
AlgaeGreen	®	 3,7	 0,3	 181	 -21.5	a	
P	 0,9559	 0,7157	 0,4883	 0,0144	
	 	 	 	 	

 

3.2 Freezing	tolerance	
All control plants (+4°C) survived 100%. 

Ryegrass and annual meadow-grass were significantly less freezing tolerant than red fescue and 
creeping bent grass. Creeping bent grass had a significantly lower LT50 value (-27.8 °C) than red fescue 
(-20.2 °C), which, in turn, was more freezing tolerant than perennial ryegrass and annual meadow-
grass. See table 3.  

Application of AlgaeGreen ® improved the freezing tolerance on average for all species with 1.1°C. 
Within species, the effects were not significant, but in numbers the LT50 values were lowered 5% for 
red fescue and perennial ryegrass and 9% for creeping bent grass. Annual meadow grass was not 
positively affected by applications of AlgaeGreen ®. Data not shown.  

3.3 Spring	evaluation	of	winter	survival	
There were no effects of AlgaeGreen ® in the field, but there were significant differences between the 
grass species.  

Disease was identified as Microdochium nivale (pink snow mould), and creeping bent was most 
affected. 
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Table	4.	Field	registrations	of	turf	grass	quality	from	21	February	to	4	April	2017.	Number	of	observations	in	parenthesis.		
	 Overall	impression	(1-9)	

(1) 
Disease	(%)	

(4) 
Chlorophyll	index	

(2) 
Colour	(1-9)	

(4) 

Agrostis	stolonifera	 5.9	a	 0.4	 137.7	a	 4.1	b	
Festuca	rubra	 4.6	b	 0.0	 131.4	a	 3.7	c	
Lolium	perenne	 5.0	b	 0.0	 131.3	a	 4.7	a	
Poa	annua	 2.7	c	 0.1	 124.0	b	 2.3	d	
P	 <.0001	 0.101	 0.005	 <.0001	
	 	 	 	 	
	 	 	 	 	
Control		 4.6	 0.1	 133.2	 3.7	
AlgaeGreen	®	 4.4	 0.2	 129.0	 3.7	
P	 0.757	 0.273	 0.533	 0.7625	
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4. Discussion	and	conclusion	

This primary objective of this experiment was not to compare grass species. The establishment method 
for annual meadow grass was different from the other grasses, and red fescue received less fertilizer, 
based on information about common practice on golf courses (Kvalbein et al., 2012) and the relative 
growth capacity of red fescue compared to the other turf grass species (Ericsson et al. 2012).  The 
significant differences between the species should be interpreted with this in mind.  

Aamlid et al (2012) ranked red fescue higher than perennial ryegrass and creeping bent for visual 
impression on greens, but the discrepancy can be explained by the fact that red fescue established 
more slowly than the other species.  

Annual meadow-grass had a low rank, partly because of significantly more disease spots in the 
autumn, which was identified as Microdochium patches, but mostly because of some bare soil spots 
caused by the establishment method.   

AlgaeGreen ® showed no impact on the turf performance in the field. Reports on positive effects of 
algae extracts on turf were related to stress (Zhang et al., 2003;  Zhang & Ervin, 2004, 2008), and 
most of the experiments were carried out with warm season grasses (Munchaw et al., 2004). A pot 
experiment with perennial ryegrass found improved colour when seaweed extracts were applied in 
addition to normal fertilization (Hunter, 2004). This finding was confirmed by a study on a UGSA 
spec. golf green grown under reduced nutrient input rates. The turf treated with a seaweed extract had 
increased growth, higher leaf nutrient content and improved colour (Butler & Hunter, 2007).  

We found no effects of the seaweed application in the field. The reason might be that this experiment 
was carried out during the autumn with no known plant stresses.  

One hundred percent winter survival of annual meadow-grass and perennial ryegrass indicate that the 
winter conditions were good, and that the field test was not tough enough to support the promising 
results of the freezing test, where AlgeaGreen ® had significant effect.  

Explaining the improved the freezing tolerance from AlgeaGreen ® is impossible from this study, and 
we find no other reports that confirm any relation between sea-weed extracts and freezing tolerance of 
turf grass. However, experiments on Arabidopsis thaliana proved that extracts of Ascophyllum 
nodosum lowered the LT50 values by 3°C. Rayirath et al. (2009) applied the extracts to the roots and 
found an effect on the green part of the plant. This indicated that application gave a systemic 
physiological response that could be related to several gene expressions. They found that the cell 
membranes of the treated plants were more persistent during freezing and that the degradation of 
chlorophyll during recovery from freezing was lower.  

A later study gave evidence that improved freezing tolerance was related to lipophilic components of 
the extracts from A.nodosum which had impact on 5% of the genes in Arabidopsis thaliana plants. 
The treatment increased the accumulation of osmoprotectants and altered the fatty acid composition 
in the plant cells (Nair et al, 2012). 

The result from this experiment and the reported effects on Arabidopsis encourage further studies to 
confirm that AlgaeGreen ® applications can improve the winter survival of turf grass plants. 
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