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ABSTRACT 

New cultivars are frequently not superior seed producers. 
Severe lodging resulting from nitrogen applied to maximize 
seed production often reduces the seed yield potential. 

An experimental growth retardant, Imperial Chemical In
dustries PP 333, was applied to three species of cool season 
grasses grown for seed under western Oregon conditions to 
reduce lodging and enhance dry matter partitioning to the seed. 
Species studied were: tall fescue (Festuca arundinacea) cv. 
Fawn, fine fescue (Festuca rubra) cv. Cascade, and Kentucky 
bluegrass (Poa pratensis) cv. Newport. 

The chemical treatment reduced internode elongation in 
culms of species tested. Rates applied to bluegrass were ex
cessive in regards to vegetative growth but did not change seed 
yield. Application to fine fescue reduced fertile tiller number 
and final seed yield. Treatment caused an increase in tall fescue 
seed yield, an increase in potential yield (in some cases) and 
reduction of lodging. 

Additional key words: lodging, growth retardant, harvest index, 
seed yield components. 

INTRODUCTION 

Grass breeders select primarily for characteristics which 
contribute to forage or turf yield and/or quality. When 
developing new cultivars, seed yield is often a secondary 
consideration. Thus, cultivars released may be below seed 
production potential for the species (Griffiths, et al, 1980). 
In addition, lodging often occurs when nitrogen is applied 
to maximize seed yield. Lodging causes poor pollen dis
persal and light interception in the crop canopy (Hebblethwaite, 
1977). The resulting closed canopy may also facilitate 
pathogen development resulting in high tiller mortality 
(Griffiths, 1967). Plant breeders working with cereal crops 
have had a great deal of success in incorporating semi-dwarf 
genes into cereal cultivars and thereby improving produc
tion under high nitrogen fertility by preventing lodging 
(Borlaug, 1968). Use of a growth retardant chemical may 
offer a means of reducing plant height and strengthening 
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stems in grass crops grown for seed, thus providing a 
management tool for maximizing grass seed production. A 
new plant growth retardant (2RS,3RS)-1-(4-chlorophenyl)-
4,4-dimethy 1-2-1 ,2,3-triazol-1-yl) pentan-3-01, coded PP 
333 (trade name Parlay) is available from Imperial Chem
ical Industries which has shown promise for lodging control 
and yield enhancement in perennial ryegrass (Hebblethwaite, 
et al, 1981). This compound is soil active and inhibits 
gibberellin biosynthesis in the plant. 

The objectives of this preliminary experiment were to 
determine the effect of PP 333, when applied to three cool 
season grass species, other than ryegrass, grown for seed in 
the Willamette Valley of Oregon. The species selected for 
study were tall fescue (Festuca arundinacea) cv. Fawn, fine 
fescue (Festuca rubra) cv. Cascade, and Kentucky blue
grass (Poa pratensis) cv. Newport. Effect of the dwarfing 
compound on certain morphological characteristics, degree 
of lodging as well as potential and actual seed yield 
characteristics was measured. 

MATERIALS AND METHODS 

Application of PP 333 (a soil active compound) was 
made in the spring of 1980 to the three species which were 
producing their sixth seed crop. Applications at rates of 
0. 75 and 1.5 kg ai ha-1 were applied on 18 March and 7 
April at approximately spikelet initiation and floret initia
tion growth stage, respectively. 

The material was applied with a conventianal bicycle 
sprayer used for experimental herbicide applications. Line 
pressure was 2. 7 6 x 1 OS P A, which provided a spray volume 
of 280 1 ha-1 of solution. More than 15 em of rain fell within 
48 hours of application on both dates. The experiment was 
designed as a completely randomized block with 3 replica
tions. Plot size was 0.65 m2

• 

Morphological characteristics were measured on 20 fully 
emerged fertile tillers selected at random of tall fescue and 
fine fescue prior to anthesis. Measurements were taken of 
panicle length, culm length, distance between the bottom 
spikelet and first upper node, and the distance between the 
first and second nodes from the base of the panicle. Since 
rates selected for bluegrass were excessive only the final 
yield parameters were measured. 

After anthesis, four 9.29 cm2 samples per plot were taken 
to determine the potential yield parameters. The fertile 
tillers were counted and spikelets per panicle and florets per 
spikelet were determined from a 10 tiller subsample. Florets 
per spikelet were determined by randomly selecting 10 
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Table 1. Morphological characteristics of Fawn tall fescue fertile tillers as affected by PP 333 treatments.* 
Length between Length between 

pp 333 
Rate 

Total leaf Panicle Culm 1st and 2nd bottom spikelet 
Leaf number area length length nodes and 1st node 

(kg ha-1) 

0 
(cm2) 

3.3 
3.2 
3.2 
NS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -(em)- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
25.6 17.6 108.3 25.1 55.8 

0.75 20.8 18.9 100.0 18.6 59.5 
1.50 
L.S.D .. os 

21.6 16.6 84.9 13.6 53.5 
3.7 1.4 7.3 2.8 4.6 

*Mean across two application dates x three replications. 

spikelets from the panicle and counting the number of 
florets. Potential fertile florets per unit area was determined 
by the function: Fertile tillers per meter square x spikelets 
per panicle x florets per spikelet. 

Seed was cut from a .7 x .55 meter area at moisture 
contents of 43% for tall fescue, 25% for fine fescue, and 
28% for Kentucky bluegrass and air dried for 15 days. Seed 
and straw were placed in heated forced air drier for 24 hours 
at SOC before threshing. Weight of above-ground biomass 
was determined. Seed was hand threshed, hand cleaned, 
weighed and mean seed weight determined by weighing 400 
seeds. Harvest Index was calculated by dividing clean seed 
weight by the total above-ground biomass. Lodging scores 
were obtained by visual inspection of the plots with a score 
of 1 indicating an upright canopy, and 10 a flat canopy. 
Intermediate scores were based on the degree of flatness of 
the canopy as well as the lodged area. Sixty kg ai ha-1 

nitrogen in the form of ammonium sulfate was applied to 
the plots on 27 March. On 18 April, an additional 60 kg ai 
ha-1 of N was applied as ammonium nitrate. This fertility 
program is consistent with commercial management prac
tices for seed crops in the Willamette Valley. 

An analysis of variance was performed on all parameters 
measured. A significant F value at p = .05 was used to 
determine significant differences among treatments. The 
least significant difference (L.S.D.) at p = .05 was used to 
compare means. 

RESULTS AND DISCUSSION 

1. Tall Fescue 

The application of PP 333 had no effect on the number of 
leaves of fully emerged tall fescue fertile tillers (Table 1). 
However, total leaf blade area was reduced approximately 
20% by both rates of the chemical, thus reducing photo
synthetic area. Dates of application, however, did not vary 
with respect to leaf number or area. 

The culm length was reduced at both rates, but the 
panicle length was not changed. Culm length was reduced 
by inhibition of internode elongation, primarily at the first 
and second nodes (Table 1). The chemical apparently 
affected intercalary meristem activity or stem cell elonga
tion without an effect on differentiation of the inflores
cence. 

Fertile tiller number per meter square at anthesis was 
quite variable, consequently no statistically significant dif
ferences could be attributed to application of PP 333. 

However, at the .75 kg ha- 1 rate, 19% more fertile tillers 
were observed when compared to the high rate or the 
control (Table 2). 

Table 2. Potential yield characteristics of Fawn tall fescue 
fertile tillers as affected by PP 333 treatments.* 

pp 333 Fertile 
Rate Tillers m-2 

(kg ha- 1) 

0 337 
0.75 417 
1.50 341 

L.S.D .. 05 NS 

Spikelets/ Florets/ 
Qanicle SQikelet 

33.9 6.5 
40.8 6.7 
35.2 6.7 
5.8 NS 

Potential 
fertile 
florets 

(103 x m-2} 

74.1 
114.0 
80.1 
11.0 

*Mean across two application dates x three replications. 

The .75 kg ha- 1 rate also resulted in more spikelets per 
panicle than the high rate or the control. However, dates of 
application did not differ in spikelets per panicle. The 
number of florets per spikelet was unaffected by PP 333 
treatment (data not shown). Potential yield (the number of 
potential fertile florets per unit area present after anthesis) 
was increased by 54% at the low rate of PP 333. Date of 
application had no effect on potential fertile floret number. 

The .75 and 1.5 kg ha-1 rate increased seed yield 
significantly over the control in this experiment (Table 3). 

Table 3. Actual seed yield charcteristics of Fawn tall fescue as 
affected by PP 333 treatments.* 
pp 333 Seed Seed Seeds/ Harvest 

treatment yield weight SQikelet Index Germination 
(kg ha-1) (gm-2) (mg) (%) 
0 78.9 3.16 2.18 0.079 91 
0.75 (early) 119.8 3.15 2.18 0.124 92 
0.75 (late) 129.8 3.12 2.51 0.136 92 
1.50 (early) 137.6 3.05 3.60 0.149 84 
1.50 (late) 101.0 3.02 2.93 0.125 87 
L.S.D .. 05 11.3 NS 0.42 0.04 NS 

*Mean of three replications 

Clean seed yield increased 58% and 44% at the low and 
high rate respectively. A rate by date interaction for seed 
yield showed that 1.5 kg ha- 1 applied in March is superior to 



an April application. At 0.75 kg ha-1, however, both March 
and April applications showed similar seed yields. Late 
spring applications (floret initiation stage) at high rates 
reduce seed yield potential in tall fescue. 

The number of seeds per spikelet was increased signifi
cantly by the 1.5 kg ha-1 rate of PP 333 when compared to 
either the low rate or control. Although the high rates of PP 
333 developed the same potential yield as the control, the 
larger number of seeds per spikelet at harvest resulted from 
a greater percentage of florets actually developing seeds. 
The treatment at the low rate, had a greater potential yield (a 
larger number of potential fertile florets per unit area), but 
was not able to realize its potential since seeds per spikelet 
were not greater than the control. 

Mean seed weight was not affected by PP 333 treatments 
even though seed number increased. This is a positive 
response since an increase in seed number per unit area is 
usually accompanied by a decrease in seed weight due to 
yield component compensation. 

The efficiency of the seed production process as measured 
by Harvest Index (HI) is improved significantly by PP 333 
(Table 3). The low and high rate resulted in a 64 and 73% 
increase in HI, respectively. 

The germination percentage of tall fescue, (Table 3) seed 
was not statistically different from the control. 

Under normal seed production conditions, tall fescue 
does not lodge as early or as severely as ryegrass or fine 
fescue. Some lodging is common at high fertility rates 
and/or during wet spring weather. It was noted in this 
experiment that the control plots began to lodge the second 
week of June (after anthesis), while treated plots did not 
lodge (Figure 1). 
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Fig. 1. The effect of PP 333 on lodging in tall fescue (1980). 

2. Fine Fescue 

PP 333 applications significantly reduced the culm length 
of fully emerged fine fescue fertile tillers (Table 4). As with 
tall fescue, this was a result of reduced internode elogation. 
The length between the bottom spikelet and the first node 
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Table 4. Morphological characteristics of Cascade fine fescue 
fertile tillers as affected by PP 333 treatments.* (1980) 

pp 333 
Rate 

(kg ha-1) 

0 
0.75 
1.50 
L.S.D·.os 

Length between Length between 
Panicle Culm 1st and 2nd bottom spikelet 
length length nodes artd 1st node 

-----------------(em)------------------
11.2 74.7 9.7 48.5 
10.5 65.1 8.0 45.9 
10.0 51.8 6.8 36.9 
NS 7.6 2.3 7.3 

*Mean across two dates of application x three replications. 

and between nodes 1 and 2 was reduced with the growth 
retardant treatment at the high application rate. However, as 
in tall fescue, the panicle length was not affected by growth 
retardant treatment. 

The date of application altered potential yield charac
teristics. The late application reduced florets per meter 
square as a result of a significant decrease in fertile tiller 
number (Table 5). 

Table S. Potential yield parameters of Cascade fine fescue as 
affected by PP 333 treatments* (1980) 

PP 333 Fertile Florets/ Potential fertile 
Treatments tillers m-2 spikelet florets (1 ()3 x m-2) 

(kg ha-1) 

0 
0.75 (early) 
0.75 (late) 
1.50 (early) 
1.50 (late) 
L.S.D·.os 

1033 
1071 
748 

1222 
844 
240 

*Mean of three replications. 

7.0 
7.4 
8.4 
6.8 
7.7 
0.3 

215 
227 
163 
294 
198 
24 

Florets per spikelet were significantly higher in the 
treated plots compared to the control. The .75 kg ha-1 

treatment applied in April had significantly more florets per 
spikelet than the other treatments, perhaps related to the 
lower number of tillers produced by this particular treat
ment. 

Actual seed yields are significantly lower as a result of 
treatment. This may be attributed to lower fertile tiller 
numbers per unit area (April treatments) and lower seeds 
per spikelet values at high rates (Table 6) . 

Table 6. Actual yield parameters of Cascade fine fescue as 
affected by PP 333 treatments.* 
pp 333 Seed Mean Seeds/ Harvest 

Rate yield seed wt. spikelet index Germination 
(kg ha-1) (gm-2> (mg) (%) 
0 125.9 1.38 2.97 0.131 90 
0.75 90.7 1.31 2.89 0.133 89 
1.50 96.2 1.31 2.40 0.179 90 
L.S.D·.os 23.4 NS 0.42 0.037 NS 

*Mean of two application dates x three replications. 

Even with the lower seed yields, the HI was higher in the 
1.5 kg ha-1 rate than the control due to a greater reduction in 
above-ground biomass. 
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Mean seed weight and germination percentage were not 
affected by PP 333 treatments. 

PP 333 treatment delayed and, in some cases, prevented 
lodging (Figure 2). The lack of seed yield enhancement 

10 

8 

~ 
0 6 
(.) 

en 

OL-~---7~--~----~--~~--~~--~----~ 
16 20 31 5 13 20 27 5 

May June July 

Fig. 2. The effect of PP 333 on lodging in fine fescue (1980). 

with the growth retardant treatment in this experiment may 
be related to reduced lodging severity as well as delay in 
lodging until after anthesis in the untreated plots which 
would reduce the effects of lodging on tiller mortality and 
seed filling. 

3. Kentucky Bluegrass 

PP 333 treatment at 0.75 and 1.5 kg ha-1 caused extreme 
growth inhibition. Final seed yield data were collected 
(Table 7). Surprisingly, when final seed yield results were 

Table 7. Yield and seed characteristics of Kentucky bluegrass 
as affected by PP 333 treatments* (1980) 
PP 333 Seed Seed Harvest 

Rate Yield Weight Index Germination 
(kg ha-1) (g m-2) (mg) 
0 108.4 0.41 
0.75 99.9 0.36 
1.50 107.9 0.33 
L.S.D .. 05 NS 0.05 

0.146 
0.193 
0.260 
0.042 

*Mean across two application dates x three replications. 

(%) 
93 
89 
92 
NS 

calculated, treated plots were not significantly different 
from control plots, in spite of drastic growth reduction. 

Mean seed weight was lower as a result of PP 333 
treatment. This is evidence of excessive dose and reductions 
in photosynthetic area affecting seed filling. Substantial 
reduction of above-ground biomass resulted in an increase 
in HI in the treated plots. 

Germination percentage was not affected by PP 333 at 
these rates. 

Lower rates should be used in further tests of this 
chemical on Kentucky bluegrass. 

CONCLUSIONS 

The growth retardant chemical had significantly bio
logical activity on all three species studied. A decrease in 
the internode elongation resulting in shorter culms was 
noted in all three species. 

In tall fescue, . 75 kg ha-1 of PP 333 applied in the spring 
at either spikelet or floret initiation stage resulted in more 
florets being differentiated than in the control or the 1.5 kg 
ha-1 treatment. However, the 1.5 kg ha-1 rate resulted in a 
greater percentage of florets actually producing seed than 
the lower rate or control. This difference in rate effect is 
difficult to explain since lodging scores were very similar. 
Stem length differences were apparent and perhaps dry 
matter partitioning from stem to seed is a factor in the 
differences in seed site utilization. Prevention of lodging in 
PP 333 treated plots contributed to increased seed yield of 
substantial magnitude even though lodging was not severe 
in the control and occurred after anthesis. Greater seed yield 
per unit area in tall fescue apparently resulted from more 
efficient partitioning of dry matter to economic yield as 
supported by higher HI. 

Applications of PP 333 to fine fescue at these rates and 
growth stages reduced seed yield. This was the result of a 
reduction in fertile tiller number and an increase in floret 
abortion. Lower rates and/or application at different growth 
stages should be examined. 

Bluegrass showed greater sensitivity to PP 333 treatment 
and lower rates need to be studied. However, it is inter
esting to note that seed yield was not depressed below the 
control at the rates tested and seed germination was also not 
effected. 
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