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ABSTRACT. A greenhouse study was conducted in a hydroponic sys-
tem to determine the nitrogen (N) utilization efficiency (NUE) of 14
creeping bentgrass cultivars. There were significant differences among
cultivars in plant tissue dry weight, tissue N content, root absorption
efficiency (RAE), and NUE. Considering ail plant tissue (whole plant),
‘Penncross’ accumulated the highest N accompanied with the highest
whole plant dry weight (WPDW), while ‘Allure’ accumulated the low-
est total N and WPDW than all the other cultivars. The proportion of
WPDW and total N partitioned to shoots was higher than partitioned to
roots in each cultivar. On a whole plant basis, *Regent’ had the highest
NUE while *Allure® had the lowest NUE. N absorption efficiency val-
ues were comparatively higher in “Allure’ than any of the other culti-
vars, while ‘Forbes’ had the lowest RAE. The RAE value of the culti-
vars was not a response to the NUE indicating that differences in RAE
was not a critical factor involved in genotypic differences in NUE.
Differences in NUE among most cultivars were correlated to plant dry
weight in a second experiment. Solution systems have the potential for
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an effective means of screening the NUE of creeping bentgrass culti-
Vars.

KEYWORDS. Creeping bentgrass cultivars, nitrogen utilization, root
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Creeping bentgrass (Agrostis palustris Huds.) is one of the most
important cool season turfgrasses. Mowing heights of 0.5 to 1.3 cm
are preferred, so it is widely used as the surface of golf course putting
greens (Turgeon, 1998) and fairways. The nitrogen (N) fertility re-
quirement varies from 8 to 20 g m ™2 per year depending on the
mowing height (Turgeon, 1998).

Nitrogen is considered to be the most important nutrient element
affecting the quality of turfgrass. It represents 3 to 6% of the plant on a
dry-weight basis. Too much N can cause poor root and shoot growth,
greater disease incidence, reduced carbohydrate reserves, reduced tol-
erance to environmental stress, and potentially ground water pollution
(Agnew, 1992). NO5 ™ is the form most commonly used by plants. It is
highly mobile in soil and is not stored in the soil on cation exchange
sites. Golf course putting greens are composed of a high percentage of
sand and receive frequent irrigation, thus, it is very susceptible to
leaching (Geron et al., 1993).

Commonly, N efficiency (NE) in plants is expressed as biomass
produced per unit of N supplied. Genotypic differences in NE have
been demonstrated in several crops, including maize (Moll et al.,
1982), rice (DeDatta and Broadbent, 1988), and pumpkin (Swaider et
al.,, 1994). Causes of genotypic variation in NE relate to two main
components; N absorption efficiency (NAE, total plant N accumulated
per unit of N supplied) and N utilization efficiency (NUE, the quantity
of dry matter produced per unit of plant N). Of these two components,
NUE is considered more influential to NE under low N supply, where-
as under high N supply, genotypic differences in NE were due mainly
to NAE (Moll et al., 1982). Other plant parameters, such root absorp-
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tion efficiency (RAE, total plant N accumulated per unit of root dry
weight) may also affect NE in plants (Kolek and Kozinka, 1991).

Genotypic evaluation for NE is usually conducted at low N supply
levels, commonly < 1.0 mM N (Sander et al., 1987). The water poten-
tial, oxygen level, and N concentration are easier to maintain in a
hydroponic culture than in soil culture (Howard and Watschke, 1984).
Research using hydroponic culture to detect NUE of Kentucky blue-
grass was recently reported by Bertauski (1993). This work showed
that there is a possibility of improving NUE in turfgrasses through
genotype selection. However, little information is available on the
importance of adjusting N applications to match the fertilizer efficien-
cy of a specific cultivar.

The objectives of this study were to evaluate bentgrass cultivars for
their adaptation to low N growing conditions, and to compare the
differences in N accumulation and partioning, NUE, and RAE among
cultivars of creeping bentgrass genotypes.

MATERIALS AND METHODS
Solution Culture

Seeds of 14 bentgrass cultivars (Table 1) were sown in plastic trays
(25 % 52 cm?) containing medium-grade vermiculite and covered
with a thin layer of the same medium to reduce desiccation. After 16 to
18 d, seedlings were removed from the vermiculite and any media
attached to the roots was washed off with distilled water. Uniform
sized seedlings (root length about 2.5 cm) were placed in the center of
a sterilized Dispo plug (Scientific Products Co., San Jose, CA ) (10
mm in height X 20 mm in diameter) for physical support. The Dispo
plugs with the seedlings were placed in a hole cut in a styrofoam sheet
(30 % 43 x 2.5 cm?) that floated on the surface of 15 | of 10% v/v
modified Pellet and Roberts’ solution (Pellett and Roberts, 1963) con-
taining 10 ppm of N in plastic aerated tanks with the roots submerged
in the solution. The plants were allowed to acclimate in the tanks for 5
d before transplanting to the final screening system. Seedlings of
uniform size were removed from the tank and placed into PVC pots
(20 cm in height % 10 cm in diameter). A thin-knock out cap (10 cm
in diameter) served as the lid. Four holes, the size of the Dispo plugs
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TABLE 1. The entries and source of the bentgrass (bent) cultivars used in the
experiments.

Eniry Mo, Mama Spacios Sourca
1 BR 1518 dryland e USEA Grean Saction
2 Al calonial Wilametia Seed Ca.
3 Egmaont brewnbop Benl Disen-Fennell Sead Co.
L Bardet codontzl Barsriarg US4
5 National cranping Picksead Wes!
8 Lopaz treeping Finelewn Feseanch Cor,
7 5A 1020 troeping Seed Research ol Ovegon
B Puter creaping dackin Seed Co.
] Regant croeping Barenburg USA
] Pennengle craaping Ta-2-Gneen Crap,
n Canmen crBEping Advania Seeds Waest, Inc.
12 Forbes 28-12 ereeping Forbes Seed & Grain
12 Providence creeping Seed Research of Ovagon
14 Peroxcrss creaping Tee-2.Green Crop,

were drilled in each lid. Three of the holes were used to support the
seedlings and the fourth one was used as access for an aeration tube.
Each pot contained 1.6 | of solution. The solution contained 50%
Pellet and Roberts’s solution with a low level of N (3 ppm) substituted
for the normal N concentration. During the experimental period,
KNOj; was added to maintain the desired N level by spectrophotome-
ter (Beckman DU-65) at 210 nm. Desired solution level was main-
tained with distilled water to replace water lost through evapotran-
spiration. Solution pH was adjusted between 5.5 to 6.5 (pocket pH
meter, Analytical Measurements Inc. Model 107) by addition of 0.5 N
HCI. Solutions were renewed every wk after the first 2 wks since the
nutrient uptake rate was slow.

Data Collection and Analysis

Plants were harvested after four wks. The dry matter in shoots and
roots were dried separately in an oven at 80°C for 72 hrs. Sample
tissues were kept in the oven before grinding. All samples were
ground to pass a 40 mesh screen with a Wiley-Thomas Mill grinder.
The ground tissue was used to measure tissue N by Micro-kjeldahl
method (Cataldo et al., 1974).
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Treatments and Experimental Design

Two experiments (EXP1 and EXP2) were conducted in the green-
house in December, 1993 and February, 1994. In EXP2, N was ad-
justed to its desired level twice each day after two weeks, and pots
were rotated once per wk. A complete randomized design with five
replications of each cultivar was used in both experiments. The culti-
vars evaluated are shown in Table 1. High pressure sodium vapor
lights were applied at a 14/10, day/night ghnmpnrind. Light intensity
from lamps ranged from 600 umol m~2 s~ ! in the middle of the
bench to 290 umol m ™2 s ! at the edges for the EXP1 and 400 pmol
m~2 57! in the middle of the bench to 190 pumol m ™2 s™! at the
edges for the EXP2 (measured by Li-1776 solar monitor, Li-Cor In-
struments, Inc.) Data were subjected to an analysis of variance. Signif-
icant differences among cultivars were evaluated using Fisher’s pro-
tected least significant difference (LSD) test.

RESULTS
Experiment 1 (EXPI)

There were significant differences in root dry weight (RDW), shoot
dry weight (SDW), and whole plant dry weight (WPDW) among the
14 cultivars (Table 2). The proportion of WPDW partitioned to the
shoots was generally higher than partitioned to the roots. ‘Lopez’ had
a SDW:RDW ratio significantly higher than all the other cultivars,
except ‘National’.

There were significant differences in plant tissue RN, SN and WPN
content, NUE, and RAE among the 14 cultivars (Table 3). RN content
indicated that ‘Bardot’ accumulated the most N among all the culti-
vars, while ‘Forbes’ and ‘Egmont’ accumulated less WPN than the
other cultivars. This might have been one of the reasons that ‘Bardot’
produced significantly more RDW than the other cultivars. The pro-
portion of whole plant total N partitioned to shoots was higher than
partitioned to roots in each cultivar.

On a whole plant basis, ‘Egmont’ had the highest NUE, with the
exception of ‘Carmen’. There were no significant differences in RAE
among the cultivars.
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TABLE 2. Root dry weight (RDW), shoot dry weight (SDW), and whole plant dry
weight (WPDW) accumulation and partitioning 14 bentgrass cultivars in EXP1
and EXP2.

Culivans EXP1 EXP2
ROW SOW WEOW ROW sow WRDW

mg % mg % wmg &A m % my % mg SR
BR1SIA 148 388 2% 12 am 16 a8l 380 L3 B0 22 TS
Allure 1.21 4132 1.73 a8 254 1.5 ar a0 1,48 670 22 209
Egmon 160 448 1.7 552 A& 142 12 @O 19 B0 313 185
Bardel 196 47 2T A3 470 142 120 38 200 G5 3 17
Hasioas! 085 256 21T Ta4  anm 338 083 228 279 R4 362 as
Loper 10 8 333 TR AM 48 142 281 286 Te 368 3
SR100 118 74 313 TR R 43 28T 1.03 254 am T4E 05 300
Putter 134 WS 283 695 406 23 013 2 338 BB 40 559
Regest 145 215 38 725 588 2e8 105 239 AW TRl 44 215
Penneagle 146 288 400 732 548 283 104 230 348 TTO 44 AE
Carmen 158 308 348 em2  S13 297 1185 257 382 748 456 320
Forbes 47T M0 L7 TO0 257 250 13 289 337 T4 480 248
Providencs 1M 267 468 733 502 275 115 236 374 TE4  4Ed Az
Pemnmoss 133 anz aoT =1 440 20 1.3 257 178 T3 S08 2988
LS50 ps [ 067 ns 158 k] 033 0E 108
¥ Percent of RDW, SOW, and WRDW.
ROW + SOW.
Experiment 2 (EXP2)

There were significant differences among the 14 cultivars in RDW,
SDW, and WPDW (Table 2). ‘Penncross’ had the highest SDW, but
was statistically the same has ‘Penneagle’, ‘Carmen’, ‘Forbes’ and
‘Providence’. ‘Penncross’ also had the highest WPDW, but was statis-
tically the same has ‘Penneagle’, “Carmen’ ‘Forbes’ and ‘Providence’.
The proportion of WPDW partitioned to shoots was generally higher
than that partitioned to roots. ‘Putter’ had a S/R ratio that was signifi-
cantly highest among the cultivars. The bunch-type cultivars had rela-
tively lower S/R ratios than the creeping-type cultivars due to their
relatively lower SDW.

There were significant differences in RN, SN, WPN content, NUE,
and RAE among the 14 cultivars (Table 3). N content of shoots indi-
cated that “‘BR1518" and ‘Allure’ accumulated significantly less SN
man the other cultivars. From a whole plant basis, ‘Penncross’ accu-
mulated the highest WPN accompanied with the highest WPDW. The
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TABLE 3. Root N (RN}, shoot N (SN}, and whole plant N (WPN) accumulation
and partitioning, and N utilization efficiency (NUE) and root absorption efficien-
cy (RAE) of bentgrass cultivars in EXP1 and EXP2.

Cubibvars EXP1 EXPg
RN BN WPN  NUE® mag® AH = WFH  NUE RAE
mg % my % myg mg % mg % mg % my my %
BR1518 2868 A1 11313 TEA 14182 2685 2847 1450 3TE 2824 TRD 5304 4474 2687

Blure 2662 ZAT B543 TE3 11205 2567 4205 1751 39 2907 600 SASE 4BV LA
Egmoat 2573 301 6330 600 BOOE 4037 2276 1683 B3 4704 TAT  GAZE 4590 1009
Bardot 3748 256 12E T44  4BET NZ3 1651 1480 222 S0E2 TTB  GEA2 4589 1604

Hatbonal 1877 170 B35 810 10862 3352 B0GS 16T 5 223 TS5 GAGA 5B60 2306
Lopez 2070 13T 13434 BE3 15605 2747 5059 1445 196 E236 804 TRSD 5478 188
SRI0X0 2370 156 12000 S44 15270 2839 3084 15B4 ET MH TIA LS 5154 1785
Putier 2752 203 1DB35 TAT 13878 2681 2726 1515 194 G344 BOE TESE 55TO 2463
Reqgent 9332 17T 13250 B2 (BO0MR 3272 2208 1426 205 SA69 TS 6995 6330 1565
Penneagle 2912 172 138084 E2.0 16898 312 2355 1419 189 Ele0 810 TSSD  5RES 1740
Carmen BTG 201 108058 TAD 13748 3TES 2483 B34 230 STB2 TRT  mANE 2B 15EW
Foibes 1832 187 BORD 813 G850 2696 5850 1357 17T 6209 B3 TASS SGE6 143
Providemce 2478 155 14010 B45 18586 16T 2463 1621 206 E241 TR4  TAEI 6040 1832
Ponncross 2801 182 12261 806 15182 2409 2782 1513 174 TI88 @25 &R0 RGBS 1AT2

L50ges 660 2303 E0Z 664 265 250 &5 818 778
* NUE = WPOWIWPH,
¥ RLAE = WPHimg root dry waight

proportion of WPN partitioned to shoots was higher than to roots in
each cultivar. On a whole plant basis, none of the bunch-type cultivars
were as efficient in utilizing N (NUE) as any of the creeping-type
cultivars. RAE was significantly higher in ‘Allure’, ‘Putter’ and
‘BR1518&’ than all the other cultivars. The RAE value of the cultivars
were not a response to the NUE, just as the results of EXP1.

DISCUSSION

The overall WPDW, WPN, NUE, and RAE production in EXP2
was lower than EXP1 because the cultivars were grown under a differ-
ent set of conditions including greenhouse lamps (different bench in
greenhouse) that provided less light. Another reason was on the initial
size of the seedlings. Larger seedlings were chosen for EXP1 than the
seedlings used in EXP2. The average RDW and SDW was 17.0 mg
and 46.9 mg for EXP1, respectively. However, in EXP2 the average
RDW and SDW was 5.4 mg and 13.8 mg, respectively.
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In EXP1 the NUE did not completely correlate to dry matter pro-
duction because the N depletion was very rapid after the second wk.
At that time the N level was only maintained once a day. N uptake and
utilization might have been influenced by the light gradient. In order
to overcome this obstacle, N was brought to a desired level twice a
day. Pots were also rotated every wk in the EXP2. The results of EXP2
were more consistent. The differences in NUE among cultivars was
similar to the difference in WPDW in EXP1. Generally the bunch-type
cultivars had lower SDW, WPDW, S/R ratio, SN, WPN, and NUE
than creeping-type cultivars. The RAE values of the cultivars were not
a response to the NUE, so the RAE was probably not a critical factor
in genotypic differences in NUE. This agrees with Swiader et al.
(1994), who found the same results in pumpkin hybrids. Other factors
such as N assimilatory capacity may be more important in the regula-
tion of N utilization.

Some low NUE cultivars, such as bunch-types bentgrass, may not
be efficient in the absorption, translocation, assimilation, and redis-
tribution of N. High NUE cultivars can grow under the conditions of N
deficiency. Golf course managers may fertilize these cultivars too
much. The low NUE cultivars may not be good N assimilators. Solu-
tion systems may be used as an effective means of evaluating creeping
bentgrass cultivars for their NUE. However, additional NUE evalua-
tions should be conducted under field conditions.
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