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Abstract: Two field trials were conducted in Thailand to determine an appropriate closing cut date
(CCD) and rate of nitrogen application (N-rate) to maximize seed yield and seed quality of the two
novel cultivars (cv.) of Urochloa spp. (Synonym Brachiaria spp.), cv. ‘OKI-1’ (an open-pollinated
tetraploid Urochloa ruziziensis (R. Germ. and C.M. Evrard) Crins originated from cv. ‘Miyaokikoku-
ichigou’) and cv. ‘Br-203’ (U. ruziziensis cv. ‘Miyaokikoku-ichigou’ × U. hybrid cv. ‘Mulato’). The
following treatments were evaluated in this study: four CCDs (uncut, 15 June, 1 July, and 15 July)
and four N-rates (0, 50, 100, and 150 kg/ha). The cv. ‘OKI-1’ showed somewhat differences in tiller
number/m2 (TN), fertile tiller percentage (FTP), inflorescence number/tiller (IN/T) and spikelet
number/raceme (SN/R) with the CCD, while the cv. ‘Br-203’ showed only in SN/R. However, TN
and SN/R were highest for 15 June, and FTP and IN/T were highest for 1 July in cv. ‘OKI-1’. The cv.
‘OKI-1’ showed the highest total seed yield (TSY), pure seed yield (PSY), and pure germinated seed
yield (PGSY) for 1 July, followed by 15 June, and the cv. ‘Br-203’ showed the highest TSY, PSY, and
PGSY for 15 July, followed by 1 July. Nitrogen (N) fertilization showed a negative effect on TSY for
both the cultivars due to the higher N content in the soil. Withholding N fertilizer, a CCD in late-June
to early-July and early-July to mid-July is recommended for cv. ‘OKI-1’ and cv. ‘Br-203’, respectively.

Keywords: Brachiaria; closing date; cutting management; grass seed; nitrogen fertilizer; urea

1. Introduction

Urochloa (Synonym Brachiaria) is the most extensively distributed genus used for
forage grass in the tropics, with approximately 100 species, including several commercially
important species [1]. Ruminant livestock farmers use Urochloa spp. because of their
high forage production and palatability for cattle, as well as their high nutritive value,
adaptability, and environmental benefits (e.g., reducing soil erosion and greenhouse gas
emissions) [2]. Urochloa spp. can be utilized as pasture, fodder in cut-and-carry systems, hay,
silage, and mixed grass-legumes, among other things. Grasses from the genus Urochloa have
been adopted to alleviate livestock feed shortages and improve the availability and quality
of feeds. Furthermore, it can increase livestock productivity and farmers’ revenue [3].

In this study, the optimal rate of nitrogen application (N-rate) and timing of closing
cut date (CCD) were investigated in two novel candidate cultivars of Urochloa grass (Syn.
Brachiaria grass). The one candidate cultivar (cv.) ‘OKI-1’, is an open-pollinated cultivar [4]
that originated from recurrent selection through the evaluation of seed fertility and plant
productivity among the base population of tetraploid Urochloa ruziziensis (R. Germ. and
C.M. Evrard) Crins. cv. ‘Miyaokikoku-ichigou’ [5]. The cv. ‘OKI-1’ was obtained by the
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Department of Livestock Development in Thailand after pre-selection of the desired traits
in Japan. The other candidate, cv. ‘Br-203’, is an apomictic hybrid produced by crossing a
sexual maternal tetraploid parent of cv. ‘Miyaokikoku-ichigou’ (U. ruziziensis) [5]) with an
apomictic paternal tetraploid parent of cv. ‘Mulato’ (U. ruziziensis × U. brizantha (Hochst.
ex A. Rich.) Stapf). The cv. ‘OKI-1’ had significantly higher in vitro dry matter digestibility
compared with U. ruziziensis, cv. ‘Mulato II’ (U. ruziziensis × U. decumbens (Stapf) R.D.
Webster × U. brizantha) and cv. ‘Basilisk’ (U. decumbens) [6]. In addition, the cv. ‘Br-
203’ had a high forage dry matter production (19,200 kg/ha/year on average over two
years at five test sites in Thailand), excellent regrowth and extension, high palatability,
relatively frequent flowering, and a seed ripening rate comparable to ‘Basilisk’ [7]. In a
preliminary trial at the Lampang Animal Nutrition Research and Development Center,
Lampang, Thailand (Lampang ANRDC) in 2017, cv. ‘OKI-1’ produced 15,800 kg/ha/year
of forage dry matter yield. Widespread adoption of these cultivars requires that they are in
demand and that they can be produced economically by increasing seed yield under good
agronomic management.

The purpose of agricultural management for tropical grass seed production is to pro-
duce a synchronized, high-yielding seed crop by encouraging inflorescence development
and restricting this development to a short emergence duration [8]; the closing cut is an
important agronomic practice that is used to accomplish these aims. To allow the crop
to flower properly, the closing cut should be scheduled carefully. Closing cuts that are
too early will produce an excessive bulk of tall grass at harvest, which can increase the
risk of lodging, disease occurrence, insect infestation, hinder inflorescence emergence and
harvesting, and increase seed shattering losses [9,10]. On the other hand, closing cuts that
are too late will remove many developing reproductive apices [11], ultimately decreasing
inflorescence numbers and seed yields. In addition, the decreased leaf area from late
regrowth can reduce seed yields due to a small inflorescence, even though the grass may
be flowering abundantly when cut too late [12].

Hare et al. [9] reported that the final CCD is also very important for seed production in
Urochloa hybrids in Thailand. The optimal time to carry out a final closing cut on the seed
crops of cv. ‘Mulato’ and cv. ‘Mulato II’ was during July (mid-wet season). Optimal times
for the closing cut have also been determined for U. ruziziensis [13] and cv. ‘Mulato’ [14] in
Thailand. These studies recommend that the time of the final closing cut not be delayed
past July, as the harvesting period of these cultivars is mid-November to early December. In
addition, early closing cuts (May–June) and late closing cuts (September) either decreased
seed yields markedly or resulted in no seeds being produced at all [15].

Nitrogen (N) is a major factor limiting the production of grass seeds. Because N plays
such a central role in determining grass seed yield, a key decision is when and how much N
fertilizer should be applied [9]. The appropriate N-rate to optimize seed yield and quality
in Urochloa hybrids [16], cv. ‘Mulato’ [14], U. ruziziensis [17,18], and Paspalum atratum [19]
has been determined in Thailand. These studies found that the optimal N-rate varied
from 40 kg/ha to 400 kg/ha due to several factors, such as soil nutrients, including N,
soil moisture, changes in environmental parameters that affect crop development, and
other aspects related to crop management. Research groups in different countries have
undertaken studies on Urochloa; for example, in Brazil, studies have been conducted on
U. brizantha [20] and U. decumbens [21], and in Benin, on U. ruziziensis [22]. Their results
showed that N-rates for seed production ranged from 50 kg/ha to 100 kg/ha.

The relationship between the CCD and the N-rate has been investigated in U. ruziziensis
by Wongsuwan [18], who found that a high pure germinated seed yield (PGSY) could be
obtained using an N-rate of 150 kg N/ha and an early CCD (24 March 1997). Satjipanon
et al. [17] reported that high seed yield with good quality was obtained in U. ruziziensis
using a CCD on 14 August 1984 and 7 August 1985 with an N-rate of 400 kg N/ha. In other
grass cultivars, such as cv. ‘Mulato’, the optimal CCD should not be later than 15 July, and
N fertilizer should be applied at 100 kg N/ha thereafter [14].
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Successful seed production of the two novel cultivars of Urochloa spp., cv. ‘OKI-1’ and
cv. ‘Br-203’, could provide the basis for greatly increased forage production. To maximize
seed production, an understanding of cultivation practices was required for widespread
adoption of the new cultivars. With the knowledge of cultivation practices, including an
optimal CCD and N-rate, seed producers can decide whether such an enterprise would
be technically and economically viable. In addition, to provide useful information on the
agricultural management of these grasses when they are promoted for planting in Thailand,
two trials were designed to evaluate the effects of N-rate and CCD on seed yield and seed
quality of both cultivars. They were examined under four CCDs (uncut, 15 June, 1 July, and
15 July) and four N-rates (0, 50, 100, and 150 kg N/ha) with four replications in a split-plot
configuration in a randomized complete block design (RCBD).

2. Materials and Methods
2.1. Location of the Experiment

From May 2018 to February 2020, two field experiments were carried out at the
Lampang Animal Nutrition Research and Development Center (Lampang ANRDC), Hang
Chat, Lampang, Northern Thailand (18.3◦ N, 99◦ E; 320 m asl). The soil belongs to the Renu
soil series [23] (pp. 49–50). This soil has been classified according to USDA soil taxonomy
as Ultisols, with sandy loam in the topsoil and sandy clay in the subsoil. The preliminary
soil and post-harvest soil samples were collected at a depth of 0–15 cm.

2.2. Meteorological Data

In 2018 and 2019, data on temperature, precipitation, rainy days, sunshine duration,
relative humidity, and day length at Lampang ANRDC were collected from Hang Chat
Agrometeorological Station in Hang Chat, Lampang, Thailand, which is about 2 km away
from the experimental sites.

2.3. Experimental Design and Treatments

Trial 1: Effect of CCD and N-rate on seed yield, seed yield components, and seed qual-
ity in the candidate cultivar ‘OKI-1’ which originated from recurrent selection through the
evaluation of seed fertility and plant productivity among the base population of tetraploid
Urochloa ruziziensis (R. Germ. and C.M. Evrard) Crins. cv. ‘Miyaokikoku-ichigou’.

The trial was conducted using a split-plot configuration in a randomized complete
block design (RCBD) with four replicates (blocks). The main-plot treatments comprised
four CCD treatments, i.e., uncut, cut on 15 June, 1 July, and 15 July, and sub-plot treatments
within each main-plot included N-rates of 0, 50, 100, and 150 kg N/ha applied in the form
of urea (46% N).

On 22 June 2018, the 30-day-old seedlings of cv. ‘OKI-1’ were planted in a plot size of
4 × 5 m at a spacing of 1 × 1 m. At the time of planting, a basal fertilizer dressing (312.5 kg
NPK/ha, 15%:15%:15%) was applied. To maintain uniform stands, any dead seedlings
were replaced with fresh seedlings (grown at the same time as the deceased seedlings).
Two months later, each tussock was loosely tied to a bamboo stake with plastic-coated
wire to prevent its growth covering the ground. Weeds were controlled by removing them
manually over the course of the experiment. The establishment year (2018) data were not
analyzed or reported because all seedlings were planted on 22 June. After seed harvest,
the grass cutting was performed on 28 December 2018 at 10 cm above ground level. The
plant residues were then manually removed within one day after cutting and topdressing
fertilizers (62.5 kg P/ha as single super phosphate and 62.5 kg K/ha as potassium chloride)
were applied immediately. The effect of the CCD and N-rate was then analyzed in 2019
(the second year of the experiment). The closing cut occurred at the time specified, and the
grass was cut with a sickle, as shown in Figure 1. After the closing cut of each treatment,
topdressing with urea at a predefined rate was applied immediately to each tussock.



Agronomy 2022, 12, 513 4 of 19

Agronomy 2022, 12, 513 4 of 19 
 

 

fertilizers (62.5 kg P/ha as single super phosphate and 62.5 kg K/ha as potassium chloride) 
were applied immediately. The effect of the CCD and N-rate was then analyzed in 2019 
(the second year of the experiment). The closing cut occurred at the time specified, and 
the grass was cut with a sickle, as shown in Figure 1. After the closing cut of each treat-
ment, topdressing with urea at a predefined rate was applied immediately to each tussock. 

   
Figure 1. Grasses were cut by hand at the time specified for each closing cut date. 

Trial 2: Effect of CCD and N-rate on seed yield, seed yield components, and seed 
quality in a cv. ‘Br-203’, an apomictic hybrid produced by crossing a sexual maternal tet-
raploid parent of cv. ‘Miyaokikoku-ichigou’ (Urochloa ruziziensis (R. Germ. and C.M. Ev-
rard) Crins.) with an apomictic paternal tetraploid parent of cv. ’Mulato‘ (U. ruziziensis × 
U. brizantha (Hochst. ex A. Rich.) Stapf.) 

The experimental site used for this trial was approximately 30 m away from the ex-
perimental site of Trial 1. For cv. ‘Br-203’, all of the treatments and methods, and the basal 
fertilizer rate used was equal to those applied for cv. ‘OKI-1’ in Trial 1. 

2.4. Data Collection and Seed Harvesting 
In all two trials, the beginning of the first flowering time was recorded for three ran-

domly selected plants per plot once the first inflorescence had fully emerged from the 
sheath. Except for the border row, all of the inflorescences within each plot were harvested 
when the seeds were mature (late November to late December). At the time of harvest, 
three randomly selected plants in each plot were counted for the total number of tillers 
per plant. Fifteen randomly selected tillers on the three selected plants were counted for 
the number of inflorescences per tiller (IN/T). Fifteen randomly selected inflorescences on 
the three selected plants were counted for the number of racemes per inflorescence (RN/I). 
The number of spikelets per raceme (SN/R) was calculated by averaging the top, mid, and 
lower racemes of each inflorescence, which were chosen at random from among the fifteen 
inflorescences on the same three selected plants. Tiller fertility was calculated as the per-
centage of fertile tillers over the total number of tillers. When the seed was almost ripe, all 
of the inflorescences in each tussock were tied together as manageable bunches. The ma-
ture seeds were then shed from the manageable bunches and gathered with the use of a 
nylon net sheet positioned beneath the inflorescences. As shown in Figure 2, three fine 
mesh nylon net sheets per plot were used. The two nylon net sheets (A) each have a width 
of 1.2 m and a length of 5 m. The other one is a nylon net sheet (B) that is 1.2 m in width 
and 3 m in length. The bunches of grass plants, especially the inflorescences, were bent 
towards the nylon net sheets, following the red arrow directions. The experimental plots 
during seed harvesting are shown in Figure 3. When harvesting seeds, ripe seeds are 
threshed off the inflorescence by gently tapping. The ripened seeds fall into the nylon net 
sheet. The fallen seeds were scooped from the nylon net sheets and put into two fine mesh 
nylon bags that were prepared for collecting seeds in each plot. One bag was used for 
collecting seeds from two “A” nylon net sheets (border rows of grass plants), and the other 
bag was used for collecting seeds from a “B” nylon net sheet (six plants inside the plot). 
Only the collected seed from the “B” nylon net sheet in each plot was used to estimate 
seed yield, in order to avoid edge effects and bias caused by abiotic environmental factors 

Figure 1. Grasses were cut by hand at the time specified for each closing cut date.

Trial 2: Effect of CCD and N-rate on seed yield, seed yield components, and seed
quality in a cv. ‘Br-203’, an apomictic hybrid produced by crossing a sexual maternal
tetraploid parent of cv. ‘Miyaokikoku-ichigou’ (Urochloa ruziziensis (R. Germ. and C.M.
Evrard) Crins.) with an apomictic paternal tetraploid parent of cv. ’Mulato‘ (U. ruziziensis
× U. brizantha (Hochst. ex A. Rich.) Stapf.)

The experimental site used for this trial was approximately 30 m away from the
experimental site of Trial 1. For cv. ‘Br-203’, all of the treatments and methods, and the
basal fertilizer rate used was equal to those applied for cv. ‘OKI-1’ in Trial 1.

2.4. Data Collection and Seed Harvesting

In all two trials, the beginning of the first flowering time was recorded for three
randomly selected plants per plot once the first inflorescence had fully emerged from the
sheath. Except for the border row, all of the inflorescences within each plot were harvested
when the seeds were mature (late November to late December). At the time of harvest,
three randomly selected plants in each plot were counted for the total number of tillers per
plant. Fifteen randomly selected tillers on the three selected plants were counted for the
number of inflorescences per tiller (IN/T). Fifteen randomly selected inflorescences on the
three selected plants were counted for the number of racemes per inflorescence (RN/I).
The number of spikelets per raceme (SN/R) was calculated by averaging the top, mid,
and lower racemes of each inflorescence, which were chosen at random from among the
fifteen inflorescences on the same three selected plants. Tiller fertility was calculated as the
percentage of fertile tillers over the total number of tillers. When the seed was almost ripe,
all of the inflorescences in each tussock were tied together as manageable bunches. The
mature seeds were then shed from the manageable bunches and gathered with the use of
a nylon net sheet positioned beneath the inflorescences. As shown in Figure 2, three fine
mesh nylon net sheets per plot were used. The two nylon net sheets (A) each have a width
of 1.2 m and a length of 5 m. The other one is a nylon net sheet (B) that is 1.2 m in width and
3 m in length. The bunches of grass plants, especially the inflorescences, were bent towards
the nylon net sheets, following the red arrow directions. The experimental plots during
seed harvesting are shown in Figure 3. When harvesting seeds, ripe seeds are threshed off
the inflorescence by gently tapping. The ripened seeds fall into the nylon net sheet. The
fallen seeds were scooped from the nylon net sheets and put into two fine mesh nylon
bags that were prepared for collecting seeds in each plot. One bag was used for collecting
seeds from two “A” nylon net sheets (border rows of grass plants), and the other bag was
used for collecting seeds from a “B” nylon net sheet (six plants inside the plot). Only the
collected seed from the “B” nylon net sheet in each plot was used to estimate seed yield, in
order to avoid edge effects and bias caused by abiotic environmental factors that affected
each grass plant (i.e., sunlight, wind, humidity). All bags of grass seed were sun-dried on
the ground and hung for a few days after being hung for several days in the shade. Seeds
were collected every four days except for the final collection, which was collected 15 days
after the previous collection (a total of five times). The plots were harvested separately.
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2.5. Seed Processing and Calculation of Secondary Attributes

The harvested seeds were air-dried in the shade for several days before being sun-
dried for a few days and then cleaned with a hand screen. Seeds with endosperm (filled
seeds) were separated from the inert fraction and empty or light seeds using a South Dakota
seed blower. The seed blower works by using airflow generated by a blower motor, and as
that air passes through a column, the air lifts light, fluffy material or empty seed into the top
beveled area of the column, while larger, heavier good seed stays at the bottom. Separations
are accurately controlled by a calibrated valve cap at the top of the column. The filled seeds
were then stored in paper bags at 25 ◦C with a relative humidity of less than 50% until seed
testing. Seed yield (SY) was recorded for each plot. Seed moisture content (SMC), seed
purity percentage (PP), thousand seed weight (TSW), and seed germination percentage
(GP) were assessed using the test methods of the International Seed Testing Association
for U. ruziziensis [24]. TSW was measured using the weight of a pure-seed spikelet. Seed
purity testing was performed by separating the pure seed fraction from inert materials and
other seeds, and then separately weighing the pure seed fraction. The PP was calculated by
multiplying the weight of pure seed by 100 and dividing it by the total weight of the sample.
Germination tests were carried out 90 days after the seeds were harvested. SY was adjusted
to 11% SMC. The tiller number/m2 (TN), inflorescence number/m2 (IN), the number of
fertile tillers per plant, fertile tillers percentage (FTP), and filled seed percentage (FSP) were
then calculated. The fertile tiller number/m2 (FTN)*100/TN was used to determine the
FTP, while the pure seed yield (PSY) was calculated as SY*PP/100, and the pure germinated
seed yield (PGSY) as PSY*GP/100.

2.6. Statistical Analysis

The ANOVA was performed using a split-plot design in RCBD with the four main-
plot treatments and four sub-plot treatments replicated four times for yield and quality
properties. Significant differences among the treatment means were tested by the least
significant difference with the R software version 4.1.0 [25]. The Pearson’s correlations



Agronomy 2022, 12, 513 6 of 19

were calculated for the CCD and N-rate with seed yield, seed yield components, and seed
quality, and significant differences were declared among the means when p < 0.05.

3. Results and Discussion
3.1. Soil and Weather Conditions

The chemical properties of preliminary soils at the experimental sites are shown in
Table 1. Despite the fact that the soils at both experimental sites were acidic, had a low
organic matter content (<1%) and were deficient in essential minerals, the cultivars ‘OKI-1’
and ‘Br-203’ demonstrated edaphic adaptation in terms of growth and productivity [26].
Our findings were confirmed by Rao et al. [27], who reported that most commercial Urochloa
spp. are adaptable to a wide range of soil types; from poor, acidic soils to highly fertile,
neutral soils.

Table 1. Chemical properties of preliminary soils collected from both experimental sites.

Trial pH
OM
(%)

Total
N (%)

Extractable (mg/kg) EC
(dS/m)P K Ca Mg Na S Mn Fe Cu Zn

1 5.39 0.67 0.03 0.89 39.84 614.38 36.66 12.44 3.03 14.15 55.70 0.24 0.07 0.83
2 5.68 0.73 0.04 0.87 85.23 225.66 23.10 9.03 2.43 11.76 26.45 0.02 0.04 0.70

Abbreviations: OM, organic matter; EC, electric conductivity.

In soil samples collected immediately after seed harvest, the pH, phosphorus, and
potassium levels were lower than before sowing, whereas the amounts of organic matter
and N were slightly higher. The element values in each treatment were similar (Tables 2
and 3).

Table 2. Chemical properties of post-harvest soils in the experimental field in Trial 1.

N-Rate
(kg N/ha)

pH Organic
Matter (%) Total N (%)

Extractable (mg/kg)

P K

0 5.15 1.53 0.08 0.71 24.74
50 4.76 0.94 0.05 0.86 25.24

100 5.16 0.85 0.04 0.67 27.99
150 5.05 1.24 0.06 0.68 25.76

Table 3. Chemical properties of post-harvest soils in the experimental field in Trial 2.

N-Rate
(kg N/ha)

pH Organic
Matter (%) Total N (%)

Extractable (mg/kg)

P K

0 5.12 1.16 0.06 0.71 39.15
50 5.23 1.23 0.06 0.89 44.04

100 5.15 1.19 0.06 0.84 45.46
150 5.18 1.16 0.06 0.82 34.52

Increasing seed production in Urochloa spp. mostly relies on their adaptability to the
climate. Seed set and pure live seed yield were substantially affected by weather conditions,
particularly rainfall in the pre-heading stage [28]. Urochloa spp. are typically grown in areas
with higher annual rainfall (>2000 mm/year), but they have been grown in areas with
a minimum annual rainfall of roughly 1000 mm in Australia [29], and in some Urochloa
hybrids, even in places with an annual rainfall as low as 700 mm and a dry season of
5–6 months [30]. During this study period (7 December 2018 to 24 December 2019), the
annual rainfall was 855.9 mm with 96 rainy days, conforming to the range mentioned
above (Figure 4A). The grasses received 112.47 mm/month of rain in the growing period
(June to November, 2019), which is considered sufficient for growth. Similarly, Bouathong
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et al. [16] reported that Urochloa grass requires 83–125 mm of rainfall each month during its
growth period. In this study, the maximum rainfall occurred in August 2019 (330.1 mm
with 24 rainy days). During that time, the grasses were regrowing after closed cutting and
applying N, which meant that the timing of rainfall was well suited for the growth of the
Urochloa cultivars.
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minimum, and the maximum temperature; (C) The monthly average day length and average daily
sunshine duration.

It is well known that the optimal temperature and precipitation are necessary to
increase pasture grass seed yield and quality [31]. In our trial, the monthly average
relative humidity, the monthly average minimum, and the maximum temperature were
shown in Figure 4B. During the experimental period, the average temperature and relative
humidity in 2018 and 2019 were 26.6 ± 1.9 ◦C, 27.3 ± 3.0 ◦C, and 79.5 ± 8.3%, 71.6 ± 12.6%,
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respectively. Bouathong et al. [16] reported that the average temperature during their
experiment was 27.3 ◦C, which was within the optimum range of 25–35 ◦C for Urochloa
species. This range was similar to that reported by Wongsuwan [32] (in [33]) for the
optimum day- and night-time temperatures for U. ruziziensis, which were 33 ◦C and 28 ◦C,
respectively. From these reports, the average temperature at our study time is suitable for
seed production of the two cultivars of Urochloa spp.

Figure 4C depicts the monthly average day length and average daily sunshine duration
at the experimental sites. At the experimental sites, the average day length during the trial
period was approximately 12 h/day, and the average sunshine duration was 6 h/day, with
the shortest duration in August (3 h/day) and the longest duration in April (9 h/day).
These conditions were most likely sufficient for Urochloa cultivars to grow and flower. This
corroborates the findings of Wongsuwan [32], who reported that day length is crucial for
triggering the reproductive development of U. ruziziensis in Thailand. They also found that
the highest ruzi seed yields were obtained at 11-h day lengths compared with the longer
day lengths (14, 13 and 12 h).

3.2. Effects of CCD and N-Rate on Seed Yield, Seed Yield Components, and Seed Quality in the
Two Novel Cultivars of Urochloa spp.

In 2019, the period of cv. ‘OKI-1’ growth following the CCD to the beginning of the
seed harvest in the treatments that were cut on 15 June, 1 July, and 15 July was 163 days, 148
days, and 133 days, respectively; the period of growth in the uncut treatment was 354 days.

For cv. ‘Br-203’, the growth period from the beginning of each CCD till the beginning
of harvest was longer than in cv. ‘OKI-1’ for three days: 166 days, 151 days, and 136 days
for the CCD on 15 June, 1 July, and 15 July, respectively, and it was 357 days for the uncut
treatment. Onset of flowering in both cultivars occurred at approximately the same time
(13–29 October). The duration of seed harvesting was similar among all treatments in
each cultivar (cv. ‘OKI-1’; 25 November–24 December and cv. ‘Br-203’; 28 November–
28 December).

In both trials, the analysis of variance showed that there were no significant interactions
between CCD and N-rate for any of the traits measured, which is consistent with the
findings of Nakmanee et al. [14] on cv. ‘Mulato’ in Northeast Thailand. Lodging was not
observed in any of the treatments because all plants were tied to a bamboo stake inserted
into the ground. Therefore, tiller death and seed shedding were not caused by lodging.

In both trials, several parameters, including seed yields, were not influenced by N-rate.
This might be because of the incomplete N uptake and excessive rainfall after applying
N fertilizer, which can cause soluble nitrate ions to be leached out of the rooting zone,
diminishing N use efficiency [34]. N top-dressed as urea is expected to be lost through
leaching and volatilization. Additionally, high temperatures also cause higher rates of NH3
volatilization because they increase the concentrations of NH3 dissolved in soil water [35].
Furthermore, because the soil at the experimental sites is a single-grain structure, N loss
into the ground is possible. This is supported by the earlier studies [35,36], which reported
that various soil and climate factors interact to affect urea volatilization, and N responses
are also affected by climate, geographical factors, and soil factors, such as type, texture,
drainage, pH, fertility, moisture, and temperature. However, the efficiency of N application
varies with plants, soil, seasons, climatic conditions, and application techniques. By
understanding soil and climate factors that influence volatilization, avoiding applying
urea in situations that may enhance volatilization or adopting best management practices
to minimize the risk of loss is needed. Another possible reason for this is that when low
soil fertility is caused by a deficiency of other nutrients rather than N, responses to N will
be improved once these nutrients are present in sufficient amounts [36]. Further study is
required to evaluate the timing of N fertilizer application on seed yield, efficiency of N use,
and apparent N efficiency of cv. ‘OKI-1’ and cv. ‘Br-203’.

N could be applied to seedlings during the vegetative to spikelet initiation period.
Adequate N from floral initiation to seedhead emergence can boost seed yield by improving
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tiller survival, increasing seedhead density, seedhead branching, floret differentiation, and
seed size [37,38]. However, in our study, the N fertilizer was applied once in one dose
after the closing cut immediately. This means plants do not get efficient fertilizer until the
reproductive growth period. We have found that many tillers become yellowish from the
start of seed harvest until the end of harvest. Furthermore, previous studies have shown
that a split N application can improve nutrient use efficiency, promote optimal seed yields,
and reduce nutrient loss [39,40]. Therefore, to achieve high seed yields in the two novel
Urochloa cultivars, besides N fertilizer application after closing cut, applying N before
flowering may be required.

3.2.1. Trial 1: Effect of CCD and N-Rate on Seed Yield, Seed Yield Components, and Seed
Quality in Cultivar ‘OKI-1’

As shown in Table 4, the CCD had a significant effect on seed yield, some seed yield
components. The highest seed yield was obtained from the 1 July CCD, while the lowest
seed yields were obtained from the uncut treatment and the 15 July CCD. Canto et al. [41]
reported that crops with later CCD treatments and lower N nutrition rates, which caused
the low leaf area, had a reduced ability to provide carbohydrates for seed production,
along with a short period for the commencement of spikelets in new tillers. The results
are consistent with an earlier study on CCD in cv. ‘Mulato’ grown in Thailand; the lowest
PSY was obtained from the uncut plots and the delayed CCD (15 August) [14]. A study on
Megathyrsus maximus cv. ‘Mombaza’ grown in Mexico by Joaquín et al. [42] also confirmed
that the closing cut (precut) has a positive effect on the yield and quality of the guinea
grass seed, with the highest yield being found with the CCD of July 20 when compared
with the treatment without closing cut and the other delayed CCD treatments. However,
this finding contrasted with a study on U. ruziziensis by Phaikaew et al. [15] in which the
highest PSY was obtained in uncut plots. Similarly, Satjipanon et al. [17] showed that the
highest PSY in the second year of the experiment was also obtained in uncut plots. As
hypothesized, our experiments prove that the CCD was found to be particularly critical
for seed production. This supports previous studies on Urochloa hybrids conducted in
Thailand [9]. The proper time to implement a closing cut on the seed crops of cv. ‘OKI-1’
was 147–163 days (15 June–1 July) before seed harvest.

Table 4. Effect of closing cut date and nitrogen application rate on seed yield and seed yield
components in cultivar ‘OKI-1’.

Treatment TSY
(kg/ha)

TN
(No./m2)

FTN
(No./m2)

IN
(No./m2)

FTP
(%)

IN/T
(No.)

RN/I
(No.)

SN/R
(No.)

Closing cut date
Uncut 484.96 b 94.62 b 83.31 173.60 88.37 ab 2.07 ab 3.54 37.05 ab

15 June 510.23 ab 105.25 a 89.31 171.67 86.30 ab 1.87 b 3.26 38.34 a

1 July 660.44 a 92.88 b 85.90 182.65 92.81 a 2.14 a 3.61 34.79 b

15 July 479.29 b 99.69 ab 80.85 157.39 82.01 b 1.90 ab 3.61 34.58 b

CV (%) 40.20 12.20 19.70 25.50 13.10 16.70 14.50 12.30
N-rate

(kg N/ha)
0 587.25 87.42 b 80.96 174.03 93.01 a 2.13 3.73 a 36.05

50 562.57 100.94 a 89.04 175.19 88.45 ab 1.95 3.40 ab 35.24
100 443.62 100.15 a 86.38 159.54 86.62 ab 1.85 3.66 a 37.01
150 541.47 103.94 a 83.00 176.54 81.41 b 2.05 3.23 b 36.44

CV (%) 45.70 14.90 23.20 31.50 17.20 21.00 15.20 12.20

Mean 533.73 98.11 84.84 171.33 87.37 2.00 3.51 36.19
CCD × N-rate ns ns ns ns ns ns ns ns

Abbreviations: TSY, total seed yield; TN, tiller number per square meter; FTN, fertile tiller number per square
meter; IN, inflorescence number per square meter; FTP, fertile tiller percentage; IN/T, inflorescence number per
tiller; RN/I, raceme number per inflorescence; SN/R, spikelet number per raceme; ns, non-significant. Note:
a,b Means followed by different superscripts in each column indicate significant differences (p < 0.05).
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The total number of tillers, the percentage of tillers that went through the reproduc-
tive stage, and the number of reproductive tillers are the variables that are most highly
correlated with seed production [43]. Several studies (e.g., [44–46]) have reported that
optimum tiller density affects increased forage and seed yields. The poor seed yield of the
uncut crop could be attributed to intra-plant competition because many tillers remained
vegetative despite the otherwise favorable conditions for reproductive development. The
closing cut increases seed yields by removing the shading effect of cumulative forage
plants and allowing sunlight to penetrate the grass canopy, resulting in more rapid tiller
emergence [38]. In addition, the closing cut is favorable to the competition for the reserves
and photoassimilates in the leaves, stems, and young inflorescences of the emerged tillers,
which affect the final mass of seed. The competition is influenced by the tiller hierarchy, i.e.,
tillers of smaller orders form heavier seeds since they receive more assimilates [9,47,48]. If
plants are left uncut, they will grow to be overly tall, resulting in a decreased seed yield [12].
However, not much information has been specifically published on Urochloa grass with
regard to tiller density and seed yield, or on the interrelationship between these two traits.

The closing cut on 15 June significantly increased TN and SN/R (p < 0.05); however,
IN/T was the lowest for this treatment. The 1 July CCD produced the highest FTP and
IN/T, but SN/R was the lowest, the same as the 15 July CCD.

The low FTN and IN values found for the 15 July CCD were caused by the low
fertility of late-emerging tillers. In addition, the 15 July closing cut decreases seed yields
because many FTN are removed. The removal of many potential tillers reduces the number
of inflorescences and results in inflorescences with fewer spikelets, even in the research
carried out in Lolium spp. [10] These findings clearly show that FTP and IN had a positive
relationship (Table 5). This corroborates with previous results [43], which reported that late
cuts in relation to the cycle of forage grasses can have negative effects on the productivity
of seeds, possibly by reducing the photosynthetic area and eliminating reproductive parts
of the tiller. The increased IN in the closing cut treatments was found to be related to the
increased seed yields. The study on Pennisetum spp. and Andropogon spp. by Mishra and
Chatterjee [49] reported that a decrease in tiller fertility due to a delayed closing cut was
strongly related to reduced seed yields, and it was quite possible that the apices of many
of the early-forming tillers were destroyed. Additionally, a significantly lower SN/R was
observed for the 1 July and 15 July CCDs in this trial. These findings were similar to those
of Wongsuwan [18], who reported that the late closing cut severely depressed both floret
numbers and fertilized seed numbers in U. ruziziensis.

Table 5. Correlation coefficients for seed yield, seed components and CCD in cultivar ‘OKI-1’.

Traits CCD TSY TN FTN IN FTP IN/T RN/I

TSY −0.3600
TN −0.3668 −0.5223

FTN −0.1675 0.3454 0.4199
IN 0.2100 0.7733 −0.4966 0.5782

FTP 0.1931 0.8311 −0.6407 0.4271 0.9817 **
IN/T 0.3686 0.6802 −0.9443 * −0.0990 0.7543 0.8555
RN/I 0.0378 0.2722 −0.8100 −0.8042 −0.0536 0.1361 0.5890
SN/R 0.4129 −0.3906 0.5640 0.6699 0.1631 −0.0174 −0.3566 −0.8943 *

Abbreviations: CCD, closing cut date; TSY, total seed yield; TN, tiller number per square meter; FTN, fertile
tiller number per square meter; IN, inflorescence number per square meter; FTP, fertile tiller percentage; IN/T,
inflorescence number per tiller; RN/I, raceme number per inflorescence; SN/R, spikelet number per raceme. Note:
Values without asterisks are not significant, * correlation is significant at the 0.05 level (two-tailed), p < 0.05 =
0.878339 and ** correlation is significant at the 0.01 level (two-tailed), p < 0.01 = 0.958735.

The seed quality of cv. ‘OKI-1’ was also affected by the CCD. The highest FSP, TSW,
and PP were obtained from the 1 July closing cut (Table 6). The lowest TSW was observed
when the closing cut was delayed until 15 July. The uncut treatment had significantly
reduced FSP and PP values (p < 0.05) when compared with the 1 July treatment. The
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obviously low PP and GP values were observed in the uncut and 15 July CCD treatments
when compared with the 15 June and 1 July CCDs. These low values also led to low PSY
and PGSY significantly (p < 0.05). Although a significant difference was observed in PP,
seed purity was very high in each treatment due to good management from seed setting
until seed harvesting and cleaning. The most marked effect of the CCD on these seed
quality attributes in OKI-1 was gained from the CCD on 1 July, as shown in Table 6. In this
trial, the 15 July CCD had a lower TSW than the other CCD treatments. This tendency was
similar to that observed in seed quality in P. atratum in Thailand in that a May–July CCD
had a higher TSW than an August CCD [11], and similar to cv. ‘Mulato’ in Thailand [14],
where TSW decreased following the delayed CCD (comparing between 15 June, 15 July
and 15 August). This was due to the duration of growth after cutting until flowering being
shorter than it was in the other treatments, which caused a decrease in seed size [45].

Table 6. Effect of closing cut date and nitrogen application rate on seed quality in cultivar ‘OKI-1’.

Treatment FSP
(%)

TSW
(g)

PP
(%)

PSY
(kg/ha)

GP
(%)

PGSY
(kg/ha)

Closing cut
date

Uncut 24.56 b 8.42 ab 98.73 b 478.82 b 91.62 439.71 b

15 June 28.55 ab 8.51 ab 99.00 ab 504.87 ab 93.02 474.05 ab

1 July 35.08 a 8.58 a 99.22 a 654.97 a 93.28 611.31 a

15 July 28.70 ab 8.32 b 98.72 b 473.39 b 91.38 432.55 b

CV (%) 28.40 3.40 0.50 40.40 3.50 41.40
N-rate (kg

N/ha)
0 33.52 a 8.72 a 99.30 a 582.89 92.55 539.26

50 30.03 ab 8.49 ab 98.47 b 553.68 92.97 514.97
100 27.52 b 8.34 b 98.99 ab 439.62 92.31 408.71
150 25.82 b 8.29 b 98.91 ab 535.86 91.47 494.68

CV (%) 21.50 4.30 0.80 45.50 5.10 46.30

Mean 29.22 8.46 98.92 528.01 92.32 489.40
CCD × N-rate ns ns ns ns ns ns

Abbreviations: FSP, filled seed percentage; TSW, thousand seed weight; PP, purity percentage; PSY, pure seed yield;
GP, germination percentage; PGSY, pure germinated seed yield; ns, non-significant. Note: a,b Means followed by
different superscripts in each column indicate significant differences (p < 0.05).

The CCD was not significantly correlated with all the seed quality attributes in cv.
‘OKI-1’ (p > 0.05) (Table 7). The reasons for the low PSY and PGSY were related to the uncut
treatment’s having a low FSP and a low PSY, because the FSP was positively correlated
with PSY and PGSY (Table 7).

Table 7. Correlation coefficients for seed quality and CCD in cultivar ‘OKI-1’.

Traits CCD FSP TSW PP PSY GP

FSP −0.7112
TSW −0.1391 0.6318
PP −0.4614 0.8609 0.9326 *

PSY −0.3621 0.9089 * 0.8176 0.9161 *
GP −0.4023 0.7084 0.9515 * 0.9596 ** 0.7725

PGSY −0.3711 0.9072 * 0.8460 0.9376 * 0.9983 ** 0.8082
Abbreviations: CCD, closing cut date; FSP, filled seed percentage; TSW, thousand seed weight; PP, purity
percentage; PSY, pure seed yield; GP, germination percentage; PGSY, pure germinated seed yield. Note: Values
without asterisks are not significant, * correlation is significant at the 0.05 level (two-tailed), p < 0.05 = 0.878339
and ** correlation is significant at the 0.01 level (two-tailed), p < 0.01 = 0.958735.

The N-rate had no significant effect on the seed yields in cv. ‘OKI-1’ (Table 4). However,
the N-rate had a significant (p < 0.05) effect on seed yield components; the applied N
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enhanced TN, and increasing N-rates decreased FTP. On the other hand, the lowest RN/I
value was observed at the highest N-rate (150 kg N/ha). This is in contradiction with earlier
findings [8,50], which reported that the positive response of tropical and subtropical grasses
to N fertilizer was primarily due to an increase in the number of fertile tillers, increased
spike length, and an increase in the number of spikelets/spikes.

The N-rate of 150 kg N/ha produced approximately 16% more TN than the control
treatment. Our results were similar to those obtained in previous studies on U. decumbens
and U. ruziziensis, which showed that TN increased with an increase in the N-rate [20,21].
Wongsuwan [18] also found that the addition of 150 and 250 kg N/ha significantly increased
total reproductive tiller numbers. In our study, the application of 150 kg N/ha to cv. ‘OKI-1’
decreased FTP and RN/I by approximately 13% and 10%, respectively, compared with
the control treatment. The strong and significant negative correlation between N-rate and
FTP was found only in cv. ‘OKI-1’ (Table 8). As reported by Langer [51], the number of
fertile tillers is not necessarily related to increased N application levels, likely because of
unfavorable partitioning of assimilates between leaves for growth and seed production,
greater competition for assimilates in a lodged crop, and possibly due to inadequate
pollination.

Table 8. Correlation coefficients for seed yield, seed components and N-rate in cultivar ‘OKI-1’.

Traits N-Rate TSY TN FTN IN FTP IN/T RN/I

TSY −0.5259
TN 0.8610 −0.4558

FTN 0.1248 −0.3545 0.5828
IN −0.1323 0.9084 * −0.0668 −0.2586

FTP −0.9856 ** 0.3914 −0.8884 * −0.1462 −0.0247
IN/T −0.3612 0.8466 −0.5798 −0.7948 0.7571 0.2823
RN/I −0.6904 −0.1618 −0.7842 −0.2286 −0.5548 0.8025 −0.0296
SN/R 0.5155 −0.7649 0.1253 −0.3261 −0.7035 −0.3715 −0.3048 0.2403

Abbreviations: N-rate, rate of nitrogen application; CCD, closing cut date; TSY, total seed yield; TN, tiller number
per square meter; FTN, fertile tiller number per square meter; IN, inflorescence number per square meter; FTP,
fertile tiller percentage; IN/T, inflorescence number per tiller; RN/I, raceme number per inflorescence; SN/R,
spikelet number per raceme. Note: Values without asterisks are not significant, * correlation is significant at the
0.05 level (two-tailed), p < 0.05 = 0.878339 and ** correlation is significant at the 0.01 level (two-tailed), p < 0.01 =
0.958735.

Additionally, N application significantly decreased the seed quality attributes, such
as FSP, TSW, and PP (p < 0.05) (Table 6). According to our findings, increasing the N-rate
gradually decreased FSP and TSW in cv. ‘OKI-1’. A negative correlation was observed
between seed quality and N-rate in cv. ‘OKI-1’, as shown in Table 9.

Table 9. Correlation coefficients for seed quality and N-rate in cultivar ‘OKI-1’.

Traits N-Rate FSP TSW PP PSY GP

FSP −0.9880 **
TSW −0.9630 ** 0.9929 **
PP −0.2450 0.3445 0.3963

PSY −0.5310 0.6107 0.6767 0.0477
GP −0.7968 0.6971 0.6148 −0.3038 0.2000

PGSY −0.5455 0.6214 0.6845 0.0298 0.9996 ** 0.2267
Abbreviations: N-rate, rate of nitrogen application; FSP, filled seed percentage; TSW, thousand seed weight; PP,
purity percentage; PSY, pure seed yield; GP, germination percentage; PGSY, pure germinated seed yield. Note:
Values without asterisks are not significant, ** correlation is significant at the 0.01 level (two-tailed), p < 0.01 =
0.958735.

3.2.2. Trial 2: Effect of CCD and N-Rate on Seed Yield, Seed Yield Components and Seed
Quality in Cultivar ‘Br-203’

The effect of CCD on seed yield and seed yield components was not significant
(p > 0.05), except for SN/R as shown in Table 10. The results could be explained by the fact
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that all tussocks of grass were supported with bamboo stakes and tied the inflorescences
to the stakes with plastic coated wire, resulting in no tiller damage and no seed loss due
to lodging. Conversely, in several previous studies [11,19], the lower seed yields in earlier
closed crops were observed to be caused by severe lodging at seed harvest. The uncut
treatment had the highest SN/R, while the lowest SN/R was shown in the delayed closing
cut (15 July). Moreover, a delay in the CCD likely caused a decrease in TN, FTN, FTP,
and RN/I. This supports previous findings in P. atratum grown in Thailand [11], which
reported that inflorescences produced from plants cut in August (delayed closing cut) had
fewer racemes per inflorescence and generally fewer spikelets per raceme compared with
inflorescences from plants cut earlier. Since the last CCD of the study was on 15 July, we
were unable to clearly indicate the relationships between the delayed CCD and the seed
yields. However, the CCD treatments applied in this study corresponds to the recom-
mended closing cut period for cv. ‘Mulato’ and cv. ‘Mulato II’ seed crops in Thailand (early
July–early August) [9] as well as the recommendation of CCD for U. ruziziensis [15] and P.
atratum [11,19] should also be performed in early July–early August.

Table 10. Effect of closing cut date and nitrogen application rate on seed yield and seed yield
components in cultivar ‘Br-203’.

Treatment TSY
(kg/ha)

TN
(no./m2)

FTN
(no./m2)

IN
(no./m2)

FTP
(%)

IN/T
(no.)

RN/I
(no.)

SN/R
(no.)

Closing cut date
Uncut 303.17 163.60 127.46 315.00 76.86 2.30 3.42 36.33 a

15 June 298.85 173.81 126.25 293.93 73.73 2.28 3.39 34.62 ab

1 July 339.76 163.12 119.58 308.38 71.93 2.29 3.31 34.45 ab

15 July 361.02 162.75 115.42 327.30 69.56 2.36 3.05 30.77 b

CV (%) 45.30 12.80 18.80 32.20 21.40 19.30 21.50 14.60
N-rate (kg N/ha)

0
50

100
150

411.91
387.20
302.22
374.70

158.92
161.73
167.85
174.79

120.12
118.71
114.58
135.29

293.32
293.64
310.15
347.50

75.83
72.16
67.00
77.09

2.17
2.27
2.38
2.41

3.29
3.07
3.30
3.51

32.21
35.38
32.83
35.75

CV (%) 63.90 17.50 42.70 69.40 36.80 49.20 23.90 16.40

Mean 325.70 165.82 122.18 311.15 73.02 2.31 3.29 34.04
CCD × N-rate ns ns ns ns ns ns ns ns

Abbreviations: TSY, total seed yield; TN, tiller number per square meter; FTN, fertile tiller number per square
meter; IN, inflorescence number per square meter; FTP, fertile tiller percentage; IN/T, inflorescence number per
tiller; RN/I, raceme number per inflorescence; SN/R, spikelet number per raceme; ns, non-significant. Note:
a,b Means followed by different superscripts in each column indicate significant differences (p < 0.05).

A significant correlation (p < 0.05) between CCD and FTP in the cv. ‘Br-203’ is shown
in Table 11. TSY has a positive correlation with IN and IN/T while having a negative
correlation with other seed components.

Table 11. Correlation coefficients for seed yield, seed components and CCD in cultivar ‘Br-203’.

Traits CCD TSY TN FTN IN FTP IN/T RN/I

TSY −0.6000
TN −0.1754 −0.6503

FTN 0.7072 −0.9893 ** 0.5337
IN 0.0675 0.7285 −0.8455 −0.6401

FTP 0.8914 * −0.8821 * 0.2174 0.9413 * −0.3919
IN/T −0.2454 0.7815 −0.5508 −0.7522 0.8946 * −0.6356
RN/I 0.5993 −0.9167 * 0.4430 0.9289 * −0.7345 0.8879 * −0.9195 *
SN/R 0.7261 −0.8437 0.2263 0.8892 * −0.5645 0.9288 * −0.8398 0.9724

Abbreviations: CCD, closing cut date; TSY, total seed yield; TN, tiller number per square meter; FTN, fertile
tiller number per square meter; IN, inflorescence number per square meter; FTP, fertile tiller percentage; IN/T,
inflorescence number per tiller; RN/I, raceme number per inflorescence; SN/R, spikelet number per raceme. Note:
Values without asterisks are not significant, * correlation is significant at the 0.05 level (two-tailed), p < 0.05 =
0.878339 and ** correlation is significant at the 0.01 level (two-tailed), p < 0.01 = 0.958735.
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As shown in Table 12, no seed quality attributes were affected by CCD. However, CCD
had a significant correlation with FSP in cv. ‘Br-203’ (Table 13).

Table 12. Effect of closing cut date and nitrogen application rate on seed quality in cultivar ‘Br-203’.

Treatment FSP
(%)

TSW
(g)

PP
(%)

PSY
(kg/ha)

GP
(%)

PGSY
(kg/ha)

Closing cut date
Uncut 18.25 5.72 95.93 290.90 93.03 269.56

15 June 12.38 5.79 95.21 287.54 91.72 264.05
1 July 14.61 5.72 95.31 325.12 91.06 299.10

15 July 12.12 5.90 87.68 340.75 93.17 318.26
CV (%) 61.90 6.60 13.60 46.80 6.30 48.30

N-rate (kg N/ha)
0

50
100
150

16.40
12.17
14.43
14.33

5.90 ab

5.98 a

5.73 ab

5.55 b

90.08
97.36
92.62
94.07

301.62
331.58
289.13
321.96

93.90
92.28
90.72
92.12

282.18
304.43
266.32
298.04

CV (%) 64.50 8.60 13.60 64.80 5.50 65.20

Mean 14.37 5.78 93.53 311.07 92.23 287.74
CCD × N-rate ns ns ns ns ns ns

Abbreviations: FSP, filled seed percentage; TSW, thousand seed weight; PP, purity percentage; PSY, pure seed yield;
GP, germination percentage; PGSY, pure germinated seed yield; ns, non-significant. Note: a,b Means followed by
different superscripts in each column indicate significant differences (p < 0.05).

Table 13. Correlation coefficients for seed quality and CCD in cultivar ‘Br-203’.

Traits CCD FSP TSW PP PSY GP

FSP 0.9171 *
TSW −0.5491 −0.7422
PP 0.4982 0.5872 −0.9377 *

PSY −0.6109 −0.4277 0.5556 −0.7727
GP 0.4388 0.1978 0.4964 −0.5415 0.0913

PGSY −0.5743 −0.4116 0.5895 −0.8070 0.9972 ** 0.1649
Abbreviations: CCD, closing cut date; FSP, filled seed percentage; TSW, thousand seed weight; PP, purity
percentage; PSY, pure seed yield; GP, germination percentage; PGSY, pure germinated seed yield. Note: Values
without asterisks are not significant, * correlation is significant at the 0.05 level (two-tailed), p < 0.05 = 0.878339
and ** correlation is significant at the 0.01 level (two-tailed), p < 0.01 = 0.958735.

In the findings in several tropical pasture grasses, N fertilizer application to seed crops
affects yield component dynamics such as tiller increase, number of fertile tillers, florets
per spikelet, and seed per head, resulting in higher seed yield and quality [37]. However,
in this experiment, all of the measured agronomic traits, except TSW, were not significantly
(p > 0.05) affected by the variation in N-rate. Average seed yield, seed yield components,
and seed quality attributes of cv. ‘Br-203’ in response to different N-rates are presented in
Tables 10 and 12. The addition of N tends to increase IN and IN/T in Br-203 (Table 10),
though no significant difference was observed. This is consistent with a strong positive
correlation that was observed between TN, IN, and IN/T and the N-rate (Table 14).
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Table 14. Correlation coefficients of seed yield, seed components and N-rate in cultivar ‘Br-203’.

Traits N-Rate TSY TN FTN IN FTP IN/T RN/I

TSY −0.5385
TN 0.9845 ** −0.4567

FTN 0.5900 0.3364 0.6823
IN 0.9074 * −0.2248 0.9633 ** 0.8406

FTP −0.0394 0.8285 0.0880 0.7835 0.3438
IN/T 0.9771 ** −0.6991 0.9357 * 0.4050 0.8068 −0.2508
RN/I 0.6394 −0.1345 0.7618 0.7318 0.8621 0.4199 0.5333
SN/R 0.5845 0.1445 0.5316 0.6348 0.5324 0.3285 0.4927 0.0721

Abbreviations: N-rate, rate of nitrogen application; TSY, total seed yield; TN, tiller number per square meter; FTN,
fertile tiller number per square meter; IN, inflorescence number per square meter; FTP, fertile tiller percentage;
IN/T, inflorescence number per tiller; RN/I, raceme number per inflorescence; SN/R, spikelet number per raceme.
Note: Values without asterisks are not significant, * correlation is significant at the 0.05 level (two-tailed), p < 0.05
= 0.878339 and ** correlation is significant at the 0.01 level (two-tailed), p < 0.01 = 0.958735.

The effect of N on seed quality varies depending on the species and environmental
conditions [37]. A negative correlation was observed between seed quality and N-rate
in cv. ‘Br-203’, as shown in Table 15. According to our findings, higher levels of N-rate
gradually decreased TSW in cv. ‘Br-203’. Even though these results differ from previous
studies on U. decumbens [21], U. ruziziensis [18], and cv. ‘Mulato’ [14], they are consistent
with those of earlier studies in P. atratum at Pakchong, Thailand [19]. For example, in
hybrid Urochloa lines in which an N-rate of 80 kg N/ha was applied, TSW was reduced
when compared with an N-rate of 40 kg N/ha [16]. Meijer and Vreeke [52] reported that
average seed weight was reduced at high N-rates because the increase in the proportion of
late-developing inflorescences results in lighter seed weight at harvest.

Table 15. Correlation coefficients for seed quality and N-rate in cultivar ‘Br-203’.

Traits N-Rate FSP TSW PP PSY GP

FSP −0.2951
TSW −0.8789 * −0.1906
PP −0.6613 −0.2844 0.7748

PSY 0.1246 −0.6624 0.1416 0.6618
GP −0.6845 0.4739 0.4161 0.6840 0.2287

PGSY 0.0716 −0.5615 0.1404 0.6945 0.9917 ** 0.3415
Abbreviations: N-rate, rate of nitrogen application; FSP, filled seed percentage; TSW, thousand seed weight; PP,
purity percentage; PSY, pure seed yield; GP, germination percentage; PGSY, pure germinated seed yield. Note:
Values without asterisks are not significant, * correlation is significant at the 0.05 level (two-tailed), p < 0.05 =
0.878339 and ** correlation is significant at the 0.01 level (two-tailed), p < 0.01 = 0.958735.

According to Nakmanee et al. [7], cv. ‘Br-203’ has adapted well to the conditions
in northeastern and northern Thailand, and this cultivar has high agronomic potential,
including the ability to tolerate drought conditions. The cultivar appeared to have a
sufficient number of inflorescences, racemes, and spikelets, indicating a potential for
favorable seed yields. However, this cultivar also produced numerous empty seeds, which
decreased seed yields and the low seed-set observed was a crucial weakness of the cultivar
as well as hybrid Urochloa grasses, and a poor seed-set could be a common flaw in newly
formed apomictic forage grass hybrids [53,54]. An early study on cv. ‘Mulato II’ reported
very low seed yields with fewer than 2% of the spikelets that formed viable seed, likely
due to pollen sterility [9]. One reason for low seed setting is thus partly genetic in origin.
For example, Risso-Pascotto et al. [55,56] reported that more than 65% of pollen grains in
interspecific hybrids between U. ruziziensis and U. brizantha were sterile. Specifically, they
demonstrated that this sterility had a genetic basis and was due to irregular chromosome
segregation, chromosome stickiness, abnormal cytokinesis, and asynchronous meiosis.

In both trials, close cutting is required for seed production in both Urochloa cultivars.
Mid-June to early July was the best period for close cutting cv. ‘OKI-1’, and early-July to
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mid-July was the proper time for close cutting cv. ‘Br-203’. This study discovered that N
fertilizer application had no direct effect on seed yield. This is supported by the study on
Cenchrus spp., which reported that the amount of N fertilizer required depends on species,
soil type, and rainfall [37]. The low soil fertility, which is caused by a deficiency of other
nutrients besides N, affected the plants’ responses to N. Once these nutrients are present
in sufficient concentrations, the N response may improve [36]. More often, 100–250 kg
N/ha of crop and a rate of more than 300 kg N/ha caused a reduction in seed yield due to
severe plant lodging [37]. Moreover, N fertilization management can affect the seed yield
and quality of tropical forage grasses. The responses of tropical grasses as a function of N
fertilization management may vary between species and cultivars [39]. Additionally, in
terms of economic performance and the relationship between seed production and N-rate,
the results of this study showed that no N fertilizer was appropriate for the two novel
Urochloa cultivars in northern Thailand. However, further studies should be conducted to
confirm these results.

4. Conclusions

This study was conducted to evaluate the effects of CCD and N-rate on seed yield and
seed quality of two novel cultivars of Urochloa spp. (cv. ‘OKI-1’ and cv. ‘Br-203’) so that
farmers can utilize information on the agricultural management of these grasses when they
are promoted for planting in northern Thailand.

1. No significant mutual interactions were observed between the CCD and N-rate on
seed yield, seed yield components, or seed quality in both cultivars.

2. The highest seed yields in cv. ‘OKI-1’ and cv. ‘Br-203’ were obtained when the CCD
was 1 July and 15 July, respectively.

3. The CCD affected most seed quality attributes, except seed germination percentage
(GP) in cv. ‘OKI-1’.

4. The CCD in late-June to early-July and early-July to mid-July are recommended for cv.
‘OKI-1’ and cv. ‘Br-203’, respectively.

5. The seed yields in cv. ‘OKI-1’ and cv. ‘Br-203’ were non-significant in response to the
different N-rates in the fertilization timing in our experiment.
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