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Executive Summary

This research project was initiated under an agreement
between the United States Golf Association (USGA) and the

University of Nebraska-Lincoln (UN-L) which was entered into
on 19 April 1985,

UN-L Contributions.

During the 1985 project period, the University of Nebraska
made the following contributions to the joint research project by
developing the following facilities:

1. An additional 18,000 sq. ft. of golf green research

area, bringing the total research green area to approxi-
mately 46,000 sq. ft.

2. Completion of the Turfgrass Rhizotron Research facility
with 40 root cells for rooting observations.

3. Irrigation scheduling research site with 20,000 sq. ft,.

of area divided into 24 individually controlled irriga-
tion plots with tensiometers.

4. Addition of 3,500 sq. ft. to the Turfgrass Research
Field Lab and Maintenance Facility.

USGA Research Accomplishméents.

The  following are accomplishments relating to the United
States Golf Association support of this joint research project:?

1. Developed a technique using neutron scattering to assess
turfgrass depth and distribution of reooting, and to
determine rootzone soil moisture extraction.

no

Developed a hydroponic method to screen differences in
turfgrass rooting based on species; cultivar, and cul-
tural practices. Verified responses of hydroponic
system to those observed under field conditions.

3. Evaluated a nondestructive method for determining leaf
area index (LAI) in turfs. Confirmed this technique on
7 cool season turfgrass species.

4, Evaluated nitrogen and potassium effects on creeping
bentgrass and Kentucky bluegrass turfs. The golf green
evaluation with creeping bentgrass was further inter-
acted with irrigation  fregquency. Potassium enhanced
turfgrass rooting and drought avoidance in both
species. Turfgrass wear tolerance was enhanced by
potassium treatments and recuperative rate was enhanced
by nitrogen in the c¢reeping bentgrass evaluation which
was conducted on a high sand content growing media,
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Turfgrass Rootingylnvestigations

The following studies are reported as part of the on going
project with the USGA which involves the interactive effects of
turfgrass cultiure on rooting. Some of the turfgrass species used
in the preliminary stages of the investigation are not ones that
are typically recommended for golf course turfs, These grasseés
are included because this research was in part in progress upon

receipt of the USGA grant and in part because they tere conducive
to rapid methodology testing.

Turfgrass Rooting and Scil Moisture Depletion.

Thirty-six tall. fescue clones were vegetatively propagated
and planted in a replicated field experiment under mowed condi-~
tions to study depth and extent of rooting and soil moisture
depletion. The éexperiment Has designed tc measure rooting using
destructive and nondestructive methods. Neutron scatterineg
technique was used to determine soil moisture depletion during an
extended, controlled-drought stress. The controlled-drought
stress was induced by covering the experimental area whenever
rainfall was eminent and excluding irrigation input. Clones
difféered in rooting depth and soil molisture extraction (Table
1). Total field root production and <o0il water present in the
120 cm soil profile at the end of a 75 day induced drought stress
were related (r =  =0,78) and were significant at the 0.01
probability level. Approximately tuwo-thirde of the clonal wilt
response could be related to soil moisture content; indicating
superior soil moisture - extraction was one of the mechanisms
involved in wilt values obtained for the clones tested (Table
2). Seedlings with large root mass production based on con-
trolled environment studies tended to produce large root mass
values in the field experiment.

Clonal Rooting Evaluation and Hydroponics.

Fifteen tall fescue clones from the field investigation for
rooting and soil moisture depléetion weére brought into ‘“the
greénhouse to study their root production and distribution under
decreasing moisture levels in a hydroponic system. Nutrient
solution in the hydrcoponic system was allowed to decline accord-
ing to evapotranspirational demand of the individual clones.
Solutions were changed weekly to prevent nutrient imbalance and
salt build-up. Clones were clipped and the c¢lippings were
collected every five days. Eight weeks after initiating the
declining water level of this study; the study was terminated and
plants wWere harvested and separated from their root systems.
Plant top growth was dried in a forced-air oven at 70 C of 48
hre and weiphed (mg dry weight/plant). Top growth dry weights
and clipping yield driy welghts were combined and expressed as
total top growth for the study. The root systems were measured
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for length based on the deepest root. The root systems were
separated into 15 cm,  segments ranging from 0-15 cm to &0-75 cm
(i.e. 5 segments representing the depth of  the profile). Clones
differed for total top growth and total root growth and distribu-
tion (Tables 3 and 4). Top growth and root growth varied by 342z
and 44%, respectively. Clone 25 had the greatest percentage of
total root growth supporting its top growth when compared to the
other clones tested (Table 5). Clones 25, 20; 29, and 31 had
higher top growth and root growth production and greater percen-
tage of root mass supporting the top growth than the other
clones. Clones 26 and 15 have low top growth but high root
growth production and high percentage of root mass supporting the
top growth. This hydroponic system proved to be valuable for
separating genetic differences and rooting characteristics and
was applicable to results obtained with the same clones groun
under drought stress in the field.

The hydroponic system is presently being used to investigate
similar rooting responses in Kentucky bluegrass (Poa prateneis
L.) and is projected for studies involving géenetic differences
in rooting ' wWith perennial tryegrass (Lolium perenne L.)> and
creeping bentgrass (Agrostis palustris Huds.):. Upon concurrence
Wwith field collected data for these &pecies, it is projected that
this procedure #ill be helpful in assessing root responses
relating to interactions with cultural practices. -

Hydroponic System Refinement.

A preliminary study tas conducted to determine if poly-
vinyl chloride (PVC) pipe could be used as a container for a
hydroponic system for grouwing turfs for rooting studies. The
previously mentioned hydroponic study with tall fescue clones was
conducted using heavy cardboard cylinders which were lined with
polyethylene to hold the nutrient solution. There tias some con-

cern expressed by researchers that the PVC pipe might emit
volatile materials that could be detrimental to turfgrasses
growing in the hydroponic solution. Treatments in this study

consisted of: (a) nontreated; (b) painted #ith a latex paint;
and (c¢) lined with 6 mil polyethylene. The effect of decreasing
nwater level was also evaluated. Two nutrient solution levels
were studied! (1) solution replenished every third day; and (29
a nonfill that allowed the solution to decline according-to
evapotranspirational demand. Solutione in both casegs tere
changed weekly to avoid nutrient imbalance and potential salt
build-up. Kentucky bluegrass was used as the indicator plant.
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The nontreated PVC containers had the greatest top growth
and root Weight for the two solution levels (Table 6). There
was a reduction in root and top growth with the painted con-
tainers, indicating the paint tas likely toxic to the Kentucky
bluegrase turfs:. The turfs differed in root distribution accord-
ing to water levels maintained (Figures 1a &and 1b). The fi11
treatment had greater root distribution in the upper 0-15 em than
the nonfill treatment. The nonfill treatment had more rooting in
the 15-30 and 30-45 cm depths than the fill treatment. .

Results of this study indicate that nontreated PVC pipe
containers can be used effectively on hydroponic turfgrass
rooting evaluations #ithout harmful effects. This study further
indicates that declining water léevels in the hydroponic system
can be  effectively uUsed to differéentiate root distribution
with similar results as that expected from &oils.
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Table 3. Verdure; total clipping yield; total top Brovth; total root

grouth, and pércent rooting response of 15 tall fes8cué clones grouwn in
a hydroponic solution:

Clone Verdure(g) Clipping Yield(g) Top grqwth(g)é Root prowth(g)y

29 13.2 ax 2.5 abcecde 15.7 & 2.3 abce
2 12.% a 3.1 abe 15.6 a 2.2 ab

27 12.0 ab 3.1 abe . 15.0 &b 2.5 a

20 11.9 ab 2.4 bede 14.3 abc 2.1 abed
31 11.6 ab 2.8 abed 14.4 abc 2.1 abed
4 10.8 be 1.9 de 12.8 cde 1.7 de
25 10.7 bed 2.9 abed 13.6 sbed 2.3 abe
5 10.0 cde 2.9 abed 12.9 bede 1.9 bede
22 10.0 cde 3.4 a 13.4 bed 2.5 a

15 9.1 def 1.7 & 0.8 ef 1.4 &

19 8.8 ef 2.3 bede 11.0 er 2.1 abed
21 8.7 ef 3.2 abe 11.8 def 2.5 a

33 B.3 f 2.2 cde 10.5 f 2.0 abcd ;
26 7.9 f 3.2 ab 11.2 ef 2.1 abed
14 7.8 ¢ 2.5 abhcde 10.3 ¢ 1.7 cde

= Verdure 4 clipping yield
v Mean total teot prowtkh of four replications. '
* Mean separation Within columng by Duncan's multiple range test, 5% level:




Table 4. Total root production and digtribution of 15 tall fescue
clones prown in a hydroponiec golution:

_Clone

Root Productjoﬁ (g )=

0-15 emy

15-30 cm

30-45 cm 45-60 cm 60-75 cm

219 1920 a3 492 ab t9 abcde 4 a -
22 1895 & 502 ab 108 abede 9 a 8 a
e 1833 ab 444 abed 60 bcede B a 1 a
27 1828 ab 538 a 109 abede 9 a -
19 1750 ab 328 cde 35 bede 2 4 -——
25 1655 ab 406 abede 166 & b3 & a8 a
29 1636 ab 478 abe 134 ab 2t & & a
33 1585 ab 352 bede 50 bede 4 & ———
a1 1544 ah 438 abed 121 abe 13 a 2 a
20 1516 abe 362 bede 114 abed 23 3 5 a
5 1515 abe 317 de 20 de - -
o6 1507 abe 437 abed 128 ab 36 & 26 A&
14 1379 be 301 de 26 cde 9 4 -
4 1374 be 264 e 13 & -—— -
s 1064 ¢ 268 & 47 bede 13 & 3 a

= Values are mean of four replications.
v Koot distribution iec brokéen dotin in Five‘15 em segments.
* Mean separation within columnsg by Duncan‘s multiple range test, 52

level.




Table 5. Total top grouth; percent rooting tesponse,

used by 15 tall fescue clones.

and sater

Clone Top growth (g)= Percent (g)y Water level (mm)>
29 15.7 av 2.7 abed 324 ab

2 16.6 a 1.3 ed 211 mbed
27 15.0 ab 1.3 ed 349 a

31 14.4 abe 2.8 abce 21% ahbcd
20 14.3 abe 4.6 ab 300 bcde
25 13.6 abced 5.5 a 327 &b

22 12.4 bed 1.8 bed 322 abe

5 12.9 bcede 0.7 d 290 bcde

9 12.8 cde 2.1 abed 268 de

21 11.8 def 1.9 bed 300 abcde
26 11.2 ef 3.8 abc 323 ab

19 11.0 ef 2.0 abed 269 de

15 10.8 ef 5.2 ab 257 &

33 10.5 f 2.2 abcd 274 cde
14 10.3 f 1.8 bed 257 e

z Verdure ¢+ clipping vield

v Percentage of total root grouwth supporting top erotth bsised on

hydroponic solution level.
s Water loss from evapotranapiration

52 level.

Hean separation within columne by Duncan‘s multiple range test;




Table 6. Top krowth (clippings and verdure) and root weights of
‘Birka’ Kentucky bluegrass prouWn in 1ined; paAinted; or
nontreated polyvinyl chloridé tubes with hydroponic solution.

Top Ektrotith (g)= Root grouth (g)
PVC Treatment £111 nonfill f111 nonfill
lined : 9.0 4¥ 6.7 b 1.4 a 1.2 ab
nontreated 8.6 & 8.2 & 1.5 a 1.4 ab
painted 6.2 b 5.7 b 1.2 b 1.3 ab
z Verdure + clippings g

y Values are medans of six replications. Means Hith the same
letter are not significantly differént.

st




Table 7. Soil potassium lévels in a ‘Seaside’ creeping bentgrass
turf prowing on gand and recélving two uwatéering regimes.

Potassium= ___Soll Potassium Levels (kg/ha)y
(lbs. K/1000 &q. ft.) Watered Daily Watered 2X/Week
0 (0) 34 36
2 (10 43 43
4 (20) 40 51
& (30) 61 &8
a8 (40) 1e8 200
LSb (0.05) = 18 ie
Rate (L) = # 'y

zPotaseium treatments réceived & 1bs. N/1000 &4. fk. (30g/m2)y/
growing season. Values in parenthesis aré g k/m=2.

vyTurfe nere tiatered dally or tilce tieekly uwith 1.5 inches each
regime totalling (38 mm) of Water per week. Values are meang of
3 replications per treatment,

N,%% yndicate significance at 0.05 and 0:.01 probability levels;
respectively.




Table 8. Turfgrass quality of Seaside’ e¢reeping bentgrass,

grouing on a fine-sand medium &nd receiving two watering regimes
with varying potassium nutrition.

Potassium= Turfgrass Qualityy
{1bs, K/1000 sd. ft.) Watered Daily Watered 2X/Week.
0 (D) 5.3 5.9
2 (1o 6.1 6.2
4 (20) 6.7 6.3
& (30) 6.9 7.3
8 (40) 7.3 7.5
1SD (0.05) = 0.2 0.2
Rate (L) = & Y]

zPotassium treatmente received 6.0 1bs. N/1OOD &q. Ft.
(30g K/m2)/groking season. Values in parénthesis are g K/m=2.

vTurfgrass quallty Was based on 4 1 to 9 dcale With 1t = poorest;
& = acceptabley and 9 = best. Water répimes Wére daily or tuice
weekly uwith each regime totalling 1.5 Inchesd (38 mm) of Hater
per week. Turfgrass quallty values aré nmésng of 6 monthly

assessments (May-September 1985) and 3 réeplicationtg per
treatment. '

¥, *% indicates eignificancé at the 0.05 and 0.01 probability
levele,; respectively. :




Table 9. tseaside' ctreeping bentgrass; root density for turt

growing on &and and receiving two watering régimes with vairying
potassium nutrition levels.

Potassium= Root Density (mg/150 in.3)y
(lbs. K/1000 sd: ft.) Watered Daily Watered 2X/Week
0 (o) 453 473
2 (1o 583 646
4 (20) 673 713
& (30) 743 756
8 (40) 937 1237
LSD (0.05) = i2.7 12.7
Rate (L) = Y 'y

=zPotassium treatments recelived 6.0 1lbs. N/1000 8q. ft.
(30g/m2)/prowing keason. Values in parenthésit are g K/m22.

yRoot density MUeré expressed as mg dry wt/150 in% 12.36 X 10-28).
Water repimes Wereés dally or tulce ueekly Hith each regimée
totalling 1.5 inche& (38 mm) of uater/week. VAlues in a column
are means of 4 subsamples and 3 replications pér tréatment.

¥#%  indicates s&significance at the o0.04 probability 1levels.




Table 10. Wilking tendéncy of ‘Seaside' ecreeping bentgrass as
influenced by potassium treatment.

Potassium=

Wilting tendencyy
(lbs. K/1000 &q. ft.) Watered Daily Watered 2X/Week
0 (0) 5.7 4.0
2 1o 3.8 3.2
4 (20) 2.7 3.2
& (30) 2.0 1:8
8 (40) 1.5 1.5
LSDh (0.05) = 0.4 2.7
Rate (L) = 4 LR

zPotasseium treatments recklived 6.0 1bs. N/1000 &q. ft.
(230g N/m2)/proving season: Value& in parénthesis are g K/m2;

yWilting tendency Was based on | to 9 scale With 1 = no Wilty and
9 = 90-100% of turf wilted. Water regimes Were daily or tuice
weekly With each regime totalliing 1.5 incheg (38 nmm) of
tater/neek. Wilting tendéncy Was asséssed 2400 pim. on

19 July 1985, after 48 hré&. With no irrigation or precipitation.

#4 indicates significance at the 0.01 probability level.




Table 11, Wear toleranceé irésponses for ‘'Seaside' creeping
bentgrass growing on a fine-sand and réecelving tuo Hatering
regimes with varying potassium levels.

Potassium= Wear Tolerancey
(1lbs. K/1000 s8q: ft.) Watered Daily Watered 2X/Week
0 (0) 328 303
2 (10) 404 385
4 (20) 431 449
6 (30) ) 604 606
8 (40) 625 623
LSD (0.05) = 25 25
Rate (L) = # *

zPotassium treatments reckived 6.0 1ba. N/1000 8q. ft.
(30g K/m2)/grouving season. Valueg in parenthesls are g K/m2;

vWear tolerance was baseéd on number of ftre&volutione by neésar
machine necessary to Wesar-anay vérduré léaving eéesposed soll and
shoots and no Ereéen vegetation:

¥indicatés sipnificance at the 0.05 probability lasvel.

g




Table 12. Verdure of ‘Fylking' Kentucky bluegrass treated uith
nitrogen and potassium.

Nitrogen Verdure (kg/m=2)=
(lbs: N/1000 &9 ft.) (gN/m=) Fresh Wt. Dry Wt.

0 o 1.87 0.75
2 1o 1.88 0.78
4 20 2.37 0.89

6 30 2.05 0.90

8 40 2.20 0.92

Lsb co0.05) = 0.39 0.19

Potassium :
(lbs. K/1000 s8q: ft.) (gK/m=2)

0 0 2:.11 0.88
2 1o 2.02 0.82
4 20 2.18 0.86

6 30 2.01 D,8d4
8 40 2.01 0.87

LSD (0.05) = ns ns

N-Rate (L) = ns *

N-Rate (@) = # ne

K-Rate (L) = na ns

N-Rate (@) = ns ns

zVerdiré values are means of four subsamples &nd thiee replica-
tione per treatment.

%, ns indicate slgnificance and nonsignificance at 0.05
probability 1level.




Table 13. Rooting responte of 'Fylking' Kéntucky blueprases treated
tiith potassium (K).

Potassium Root Mass (mpg)=
(lbs. K/1000 sa. ft.) (gK/m2) 0-100 mm 100-200 mn 200-300 _mm

0 0 261 13 0

2 io 3219 60 0

4 20 373 &3 13

[ 30 383 &7 13

8 40 420 113 40
LSD (0.05) = 32 27 3
Rate (L) = # * #

=zRoot mass expreéssed on a dry Welpght bagis. Valuet are means of four
subsamples and three replications/treatment.

* indicates significance at the 0.05 probability lével.




Table 14. Soil pH; phosphortie and potassium level& as influenced
by potassium treatments.

Potassium Soil
pH Phosphorus Potassium
(1bs. K/1000 8q9: ft.) (gKk/m=2) (kg/ha) (kg/ha)
0 ] 7.0 18.3 431
2 10 7.0 18.5 854
4 20 7.1 18.3 1134
6 30 7.1 18.8 15186
8 40 7.2 18.3 1933
1SD (0.05) = 0.1 ha 79
Rate (L) = ns ns #




Table 15. Soil pH; phosphorus and potassium as influenced by
nitrogen treatments.

Nitrogen Soll

pH Phosphorus Potassium
(lbs. N/1000 =d. ft.) (gN/m2) (ke/ha) (keg/ha)
0 0 7.3 26.8 1209
2 10 7.2 20:8 1197
4 20 7.1 16,2 1174
& 30 71 15.8 1167
8 40 7.0 12.4 1149
LSD (0.05) = 0.1 5.6 53
Rate (L) = ne # &




