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The persistence of color response after fertilizer treatments is a key indicator of turfgrass performance.
Tropical carpetgrass (Axonopus compressus (Swartz) Beauv.) is widely used throughout subtropical
area, was selected as the subject of this study. Five nitrogen (N) treatments applied monthlyat the
application rate of both 7.5 and 15.0 g N/m? as ammonium nitrate (AN), 2.5 and 7.5 g N/m® as a 14-6.2-
11.6 (NPK) slow release fertilizer (SRF), and 7.5 g N/m® as AN+2.5 g N/m® as SRF. The trial was
performed twice in the greenhouse over 9 week period in two growing seasons. Leaf chlorophyll
content, N content, leaf area, plant biomass, and the growth characteristics were measured. Results
indicated that the first leaf, third leaf, and third/first leaf ratios of chlorophyll meter readings (CMR)
increased with N treatments to the control. Linear regressions indicated that dry weight-based (Ng,) or
leaf area-based N (N,) concentrations were highly correlated with CMR during both growing seasons.
However, CMR correlated better with Ny, better than with N,. According to the regressions of leaf N and
total dry weight, the critical range of N could be 2.6 to 3.1%. If based on the regressions of leaf N and
CMR 3/1, the range of N could be 2.7 to 3.0%. Both ranges are very close. Therefore, CMR3/1 could be a
criterion to measuring the N status in tropical carpet grass. This investigation showed that CMR offer
an alternative to tissue testing for N status and can be used to identify fertilizer N recommendations.
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INTRODUCTION

Tropical carpetgrass (Axonopus compressus (Swartz) production and ground and surface water quality

Beauv.) is a native of Central America and the West
Indies (Turgeon, 2007). Tropical carpet grass is an
extremely popular turf grass species throughout the world
because of its low growing, mat-like grass, and low
maintenance characteristics. Soil contamination caused
by excessive chemical use is a typical problem in
farmlands all over the world (Kuo et al., 1999; Sharma et
al., 2011). Efficient use of N fertilizer is important to
economical and environmentally sounds turfgrass

(Kooistra, 2004). While the field performance of various
Nsources varies, forecasting performance is difficult of
given unknown temperature and precipitation (Turner,
1991). Assessment of fertilizer performance under
controlled conditions is potentially useful method for
prescreening of turfgrass response to fertilizer treatment
before actual field trials (Horst et al., 1994). Turfgrass
quality is still determined largely through visual
assessment. However, visual assessment is imprecise
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Table 1. Composition of modified Johnson’s solution.
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Chemical composition Elements Concentration ( ppm)
Macro nutrient (M)
Ca(H2PO4)2 *H.0 P 62
Ca 80
K2SO4 K 235
S 32
MgSO4- 7H>0 Mg 24
S 32
Micro nutrient (uM)
KCl Cl 1.77
H3BOs B 0.27
MnSO4- 7H>0 Mn 0.11
ZnS04-5H,0 Zn 0.13
CuS0QO4-5H,0 Cu 0.03
HoMoOg4 (85%) Mo 0.05
Fe-EDTA Fe 1.12

and dependent on evaluator prejudice. Turfgrass quality
cannot be measured by employing the same method
employed for other agricultural crops (Morris, 2001).
Efficient, low-cost, and non-destructive methods for pre-
screening turfgrass growth to fertilizer are required to
help tackle the problem of excessive fertilizer use in
intensively cultivated areas. The common method of
extraction and quantifying plant N concentration is both
times consuming and destructive to plants. In contrast,
chlorophyll meters enable quick and easy measurement
ofleaf blade greenness, which is an indicator of shoot
chlorophyll content (Rodriguez et al., 2000). Numerous
researchers have studied the relationship between tissue
N status and chlorophyll meter readings (CMR) in some
crops (Kantety et al., 1996). Moreover, conditions for the
use of chlorophyll meters have recently have been
clarified for some crops (Denuit et al., 2002; Giunta et al.,
2002). However, the application of chlorophyll meters to
tropical carpet grass has not been explored. The present
experiment comprised two parts. First, tropical carpet
grass response to fertilizer rates and sources was
screened;second, the relationship between Minolta
SPAD-502 chlorophyll meter readings and plant biomass,
plant growth characteristics, leaf area, and N status in
leaf was investigated.

MATERIALS AND METHODS

Tropical carpetgrass sods (from the Rose Extension Center, Taipei,
Taiwan) were grown in 15 cm diameter* 20 cm deep plastic pots
containing loam, peat moss and vermiculite (2:2:1= v:v:v) medium.
The greenhouse study was conducted in the climate-controlled
greenhouse as spring season (28/23°C day/night, 4.86-MJ m2.d™)
(Model LX-102 potable light meter, Alfa Electronics inc., NJ.), and
as winter season (22/20°C day/night, 3.64-MJ m?.d™) for a 9 weeks
period, respectively. Pots were watered 125 ml by potable water

twice a week. Five N treatments were applied as follows: slow-
release resin-coated fertilizer (SLW) (Osmocote, contain of 14: 6.2:
11.6 (NPK); Tai-Ho Company, Taipei, Taiwan) at N rate of both 2.5
and 7.5 g N /m? per month; fast-release fertilizer ammonium nitrate
(NH4NO3(AN); Tai-Fertilizer Company, Taipei, Taiwan) at N rate of
both 7.5, and 15.0 g N/m? per month; and mixed fast- and slow-
released fertilizer at N rate 7.5 N/m? per month as NH,NO;
5.0+Osmocote2.5 g N/m? per month after seed germination. A
modified N-deficient full-strength Johnson'snutrientsolution was
applied weekly to prevent deficiency in the other essential elements
(Table 1). Potable water was adopted as a control. The first and third
fully expanded leaves (those with collars surrounding the stem)
from the apex of the plant weresampledfrom each pot for
chlorophyll and chlorophyll meter readings (CMR) measurement.
CMR were assessedwith a chlorophyll meter (Model Minolta SPAD-
502, Minolta Co. Ltd., Japan). This SPAD-502 chlorophyll meter
uses a silicon photodiode to detect transmittance though a leaf
sample of light emitted from two light emitting diodes: one with a
peak emittance at 650 nm, where absorptance by chlorophyll is a
high and relatively unaffected by carotene, and one with a peak
emittance at 940 nm, where absorptance by chlorophyll is
negligible. The third/first leaf CMR ratio was identified as CMR 3/1.
Harvested samples were divided into root and shoot portions and
oven dried at 7°C for 48 h. The root and shoot dry weight and the
length and width of the largest fully expanded leaf were measured,
and stolon numbers were counted. The specific leaf weight (SLW)
of the fully expanded leaf was calculated as the ratio of leaf weight
to area. Leaf area was measured with an LI-COR Area Meter,
(Model LI-3000, LI-COR, Inc., Lincoln, Nebraska, USA). Leaf N
content was analyzed with semi-micro Kjeldahl digestion and
distillation (Kuo et al., 1999). Leaf N concentration was derived
withdry weight (Ngw) and leaf area (Na). The experimental design
was completely randomized with six replications. Mean separation
was evaluated at the 0.05 probability level using Duncan’s multiple
range tests.

RESULTS AND DISCUSSION

Regardless of N fertilizer concentrations, the first leaf,
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Table 2. Effect of N applications on chlorophyll meter reading (CMR) value of first and third fully expanded leaf, CMR 3/1
value, specific leaf weight (SLW) and dry weight based N (Ndw) of tropical carpetgrass during winter season.

CMR

Nitrogen rate (g N/ m? per month CMR 3/1 SLW Naw (%0
9 @ P ) " Firstleaf  Third leaf aw (%)
Control 24.8 °* 16.8 ¢ 0.66°¢ 2172 1.4°
SLF 25 35.1° 36.3° 1.03° 2232 2.1¢
SLF 7.5 38.8%® 43.2° 1.12% 19.6°2 3.1°
AN 7.5 38.0% 426° 1.12% 19.4 2 26°¢
AN15.0 39.82 452% 1.14 % 2072 3432
AN 5.0+ SLF 2.5 38.3% 4472 1.17°2 21.4° 30°
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Figure 1. Regression between (a) dry weight-based (Ndw) and
(b) area-based (Na) leaf nitrogen concent on chlorophyll meter
readings (CMR) of tropical carpetgrass in spring season.

third leaf, and third /first leaf ratios of CMR increased with
N treatments compared to the control in both experiments
(Tables 2 and 3). The comparison of specific leaf weight
(SLW) in the fertilizer treatments showed no significantly
difference. These results confirmed that the potential use
of SLW as a screening criterion for tropical carpetgrass
was small under both growing seasons. The analysis of N
content of different fertilizer concentration treatments

showed a very significant difference (Tables 2 and 3).
Linear regression of dry weight-based (Ng,) or leaf
area-based (N,) N concentration on leaf CMR values was
extremely significant (P<0.001) for both growing seasons
(Figures 1 and 2). Figures 1 and 2 showed that CMR
values were better correlated with Ng, than with N, at
both growing season, indicating that CMR estimated Ng,
(R2 values of 0.913, and 0.861) better than N, (R2
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Table 3. Effect of nitrogen applications on chlorophyll meter reading (CMR) value of first and third fully expanded
leaf, CMR 3/1 value, specific leaf weight (SLW) and dry weight based N (Ndw) of tropical carpetgrass during spring

season.
Nitrogen rate CMR
CMR 3/1 SLW Naw(%
(g N/m? per month) First leaf Third leaf aw(%)
Control 26.7 o 24.1¢ 0.90 ¢ 343% 1.77°¢
SLF 25 26.8° 27.2¢ 1.03° 325% 1.93°¢
SLF 7.5 39.8° 44.8° 1.13°2 28.7 ¢ 251°
AN 7.5 37.0° 40.3° 1.09 ® 28.5°¢ 262"
AN15.0 440° 48.4° 1.10%® 29.7 ¢ 3.56°
AN 5.0 + SLF2.5 403 % 40.3° 1.00" 29.5 ¢ 3.41°
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Figure 2. Regression between (a) dry weight-based (Ndw) and (b)
area-based (Na) leaf nitrogen content on chlorophyll meter readings
(CMR) of tropical carpetgrass in winter season.

values of 0.748, and 0.717) as a screening criterion.
Thus, this study suggested that the Ny, is responsible for
a significant amount of the variation in CMR.

The critical range of N was often estimated by the
regression between total weight and the N quantity of
leaves (Ulrich and Hills, 1976). The increase of N content

can result in the growth of stolon dry weight, shoot dry
weight, and total dry weight. The total dry weight was at
the maximum when Ng, was 3.1%. On the other hand,
the minimum of the critical range of N is 2.6% of the N
content when total dry weight decreasing by 10% (Ulrich
and Hills, 1976). From the measurement of CMR 3/1 in
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tropical carpetgrass, the CMR 3/1 of the samples with N
are larger than 1, which means that the third leaf is
greener than then the first leaf. According to Cheng
(1996), when the first leaf was greener than the third leaf,
it indicated an N deficiency. The CMR 3/1 of the samples
without N in fall and spring are 0.66 (Table 1) and 0.90
(Table 2), respectively.

According to the regressions of the leaf Ng, and total
dry weight, the critical range of N could be 2.6-3.1%
(CMR is between 35 to 41). If based on the regressions
of leaf N and CMR 3/1, the range of N could be 2.7-3.0%
(CMR is between 39 to 42). Both ranges are close
correlated. CMRoffer an alternative to tissue tests, and
can aid in determining effective for application rates of N
for turfgrass. Experimental data demonstrates that the
use of chlorophyll meter to measure tropical carpetgrass
growth and development is simple and effective. Future
field evaluations should assess the association between
CMR and the reference indicator of turfgrass N nutrition
status, the Nitrogen Nutrition Index.
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