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Abstract

Forage production and quality of five tropical grass accessions (Guimu-1 hy-
brid elephant grass (PG1), Mulato II (M II), Ubon paspalum (PU), hybrid
elephant grass (PH) and Reyan 11 paspalum (PR11)) and two tropical legume
accessions (Reyan 5 stylo (SR5) and Ubon stylo (SU)) were evaluated in a field
experiment in a subtropical area with hot summers and cold winters in Gua-
ngxi, China. Three forage stubble cover managements: no cover (CK), dry
mass cover (MC) and plastic cover (PC) were applied at the end of the sum-
mer period to evaluate cold tolerance and accession survival over the winter.
Photosynthesis measurements were taken from the forages in mid-summer.
The results showed that PG1 accession produced significantly higher dry
matter yields (67.0 t-ha™) than the other grass and legume accessions. Legume
accessions SU and SR5 produced much less dry matter (6.4 - 7.2 t-ha™) com-
pared to the grasses. M II, PU and PR11 contained the largest proportion of
leaf. PG1 and PH showed good cold tolerance (survival rate >85%) under
-1°C conditions without any cover management. PR11 had better cold toler-
ance than PU. M II exhibited very poor winter survival under no cover and
with massive cover, and only survived well under plastic cover. The two stylo
accessions died completely under all winter cover management treatments. In
the growing season, under a given photosynthesis photon flux density (PPFD)
= 1500 pmol m™ s7', the net photosynthesis rate P, of all the seven accessions
was above 28 umol m™ s, of which hybrid elephant grass and M II were
above 42 pmol m™ s™'. Though these 7 tropical accessions yielded high pro-
duction in the grow season, stylo and M II are sensitive to cold in subtropical
region of Guangxi. The result suggests that PG1 and PU are good accessions
and can be used as productive perennial pasture, while stylo and M II are
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simply considered as annual one. Additionally, if paspalum was trained in
cool region before being introduced to subtropical region, it may present both
productivity and enhancive cold tolerance.
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Management

1. Introduction

Typical subtropical areas of Guangxi, China (105°05" - 111°32"E, 21°20" - 26°02"N),
experience hot summers (>35°C) and cold winters (below 0°C or close to 0°C),
and a pronounced seasonal rainfall (70% - 80% between April to August), vary-
ing from 1200 - 2200 mm per annum. The summer energetic availability ad-
vances high productive tropical pasture species, such as Pennisetum, Paspalum,
Brachiaria [1] [2] [3], to growth in subtropical area [4] [5], particular grass C4
plants, which prefer to warmer climates because their physiological processes are
adversely affected by low temperature [6] [7]. Winter-spring low temperature is
one of the most factors to limit the growth and productivity of plants [8] [9] and
limit the geographical locations where cultivated species can be grown [10].
When extend the tropical pasture species to subtropical area, chilling injury of
these pasture species during the winter are serious impact on productivity and
sustainability, which greatly constrain livestock production.

High dry mater production and good quality would have been the great inter-
est by livestock. Net photosynthesis is a characteristic constitutional feature of
accessions and species of plant, high photosynthetic capacity, usually can be ex-
pressed high CO, convert into organic matter biomass by photochemical process
[11]. There are a number of perennial productive and good quality tropical pas-
ture species that do grow in these subtropical areas, but their growth and pro-
duction are usually limited by low winter temperatures [8] [9]. For example, the
net photosynthesis rate (Pn) of Stylosanthes guianensis might decrease dramati-
cally under temperature below 28°C down to 8°C [12]; while Pn of Elephant
grass (Pennisutum purpureum) did not show decrease when temperature drop
from 25°C to 14°C [8]. Therefore, to obtain a good appreciation of pasture spe-
cies adaptation/suitability with high productivity, a winter-cold tolerance germ-
plasm collection under a broad management program should be tested in a typ-
ical soil and climatic zones. However, little information of this case is available
in Guangxi subtropical area where many farmers have been trying to introduce
tropical pasture species in recent years.

Our objectives in this study were to evaluate five tropical grass accessions and
two tropical legume accessions which have been found to be productive in
northeast Thailand, on Hainan Island, China, and in south Guangxi, China by

establishing a field trial to study their dry matter production and quality, photo-
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synthesis and their cold tolerance and winter persistence under different stubble

cover management before the winter.

2. Materials and Methods
2.1. Materials

Materials include Guimu-1 hybrid elephant grass (PG1, Pennisetum ameri-
canum L. X P. purpureum Schumach x P. purpureum Schumach) from Nan-
ning, Guangxi (Liang 1999); Mulato II [MII, Brachiaria ruziziensis Germain &
Evrard x B. decumbens Stapf x B. brizantha (A. Rich.) Stapf], Ubon paspalum
(PU, Paspalum atratum Swallen), Ubon stylo [SU, Stylosanthes guianensis
(Aublet) Swartz x var. vulgaris M. B. Ferreira & Sousa Costax var. pauciflora M.
B. Ferreira & Sousa Costa [13] [14] [15] from Thailand; and hybrid elephant
grass (PH, Pennisetum americanum L. x P. purpureum Schumach), Reyan 11
paspalum (PR11, Paspalum atratum Swallen), Reyan 5 stylo [Stylosanthes guia-

nensis (Aublet) Swartz. var. guianensis [5] [16] [17] from Hainan island China.

2.2. Site Description

The field trial was conducted at the Guangxi Institute of Botany, Yanshan town,
20 km south of Guilin City, Guangxi, China (110°18"E, 25°04"N). The average
annual temperature is 19.3°C and the annual rainfall 1900 mm (Figure 1(a)).
The wet season (70% of total rainfall) is in the summer from April to August.
The dry season begins in September and lasts through to February. Cold tem-
peratures begin in November, dropping dramatically with onset of strong winds.
On average, three days of daily-mean temperatures of <0°C per year have oc-
curred since 1951, reaching a minimum of —4.9°C.

The field trial site was on clay Haplic Acrisol soil previously planted in peach
trees from 2002-2006 and was waste land in 2007-2008. Soil samples to 10 cm
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Figure 1. (a) Climatic diagram of Guilin over 55 yrs. Moist conditions are indicated if the
temperature line is below the precipitation line (bar area) and very wet conditions are in-
dicated if the precipitation >100 mm (black area). P refers to precipitation and T refers to
temperature; (b) temperature and precipitation at Guilin from April 2008 to April 2009. P
refers to precipitation and T refers to temperature.
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depth, taken at sowing in May 2008, showed that the soil pH was 6.24 (water
method), total N was 1.405 g-kg™, total P was 0.9695 g-kg™, total K was 7.475
g'kg™', hydrate N was 150.5 mg-kg™', available P was 56.6 mg-kg™', available K
was 47.7 mg-kg™" and total sulfur was 186 mg-kg™".

2.3. Experimental Design

Trail was initiated in April 2008. The seven accessions were planted in 2 m X 3 m
plots in a randomized design with three replications. On April 29 - 30, 2008,
seeds of M II, Ubon paspalum, Reyan 11 paspalum, Ubon stylo and Reyan 5 sty-
lo were sown in spacing of 20 cm x 10 cm for the grasses and 10 cm x 10 cm for
legumes, and stem cuttings of Guimu 1 and hybrid elephant grasses were planted
in 20 cm x 10 cm spacing. Animal manure at 33,333 kg-ha™ (20 kg-plot™) and
compound fertilizer (N:P:K = 15:15:15) at 500 kg-ha™ (0.3 kg-plot™) were ap-
plied across each plot at planting. Urea at 333 kg-ha™ (0.2 kg-plot™') was applied
to each plot after every cutting harvest.

A cold tolerance and winter survival management trial was conducted on the
same plots during the 2008-2009. Air temperatures references were taken at the
Gantang vegetation monitoring site, 6 km away from the trial site. Following the
last cutting harvest on 24™ November, 2008, a stubble height of 10 cm was left on
all the plots. Each plot was divided into three equal areas and three treatments
were applied: (1) No cover (CK); (2) Dry mass cover (MC) applied on 21* De-
cember, 2008, the day before the weather forecast informed us that the Cold
Wave Weather was arriving. Dry grass residues from the last harvest in Novem-
ber were used to cover the grass plots, but rice straw was used to cover the le-
gume plots. Some soil was use to suppress the grass cover in case the grass was
blown away by strong winds; (3) Plastic cover (PC). Plots were covered with

plastic sheets on the same day as MC.

2.4. Sampling and Measuring

Dry matter cuts of the grass accessions were taken in August, September and
November in 2008 and 2009, when their heights reached 1.0 - 1.5 m. Dry matter
cuts of the two stylo accessions were taken in August and November of both
years when they were dense and covered the soil completely. At each cut, three
random 1 m x 1 m quadrants were sampled at 5 cm above ground level in each
plot. At the last cut in November 2008, samples were cut to 10 cm above ground
level.

A 2 kg subsample per plot was oven dried at 80°C for 12 h and dry weight
recorded. Air-dried samples taken on 30™ August and 24™ November in 2008
from each plot were cut into 2 cm lengths and were analyzed for crude protein
and crude fibre and crude fat following the methods of the Chinese National
Standard GB/T6432-1994, GB/T 6433-2006 and GB/6434-2006 [18]. Leaves and
stems of samples cut on 24™ November, 2008, were separated and dried in the

laboratory to determine their ratio.
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Photosynthesis measurements were taken from 12" - 18" August, 2008. Gas
exchange parameters (net photosynthesis rate P,, transpiration rate 7; and sto-
matal conductance rate G,) was measured on the most recent fully expanded leaf
of each plot at 1500 umol m™2s™". Then water use efficiency WUE equal to P,/T,
ratio. Photosynthetic photon flux density (PPFD) light levels were measured by a
Li 6400-02B LED light chamber (Li-COR, Inc, USA). The photosynthetic rate of
the grass accessions were measured on four samples per plot at 14 light intensi-
ties of PPFD obtained following the order 2200, 1800, 1500, 1200, 1000, 800, 600,
400, 200, 150, 100, 50, 20, 0 pmol ms™' to determine the light curve.

After winter cold tolerance management, on 10" May, 2009, the survival (S)
and the mortality (M) of tufts of grasses and the area of mortality of the legume

were surveyed.

2.5. Statistic

Survival rate (&) was then calculated by:
R, = S/(S +M)*100%

The photosynthesis rate response to light was fitted by the Mitscherlich func-
tion [19]:

P=P_ [1_ eXp—Aqe(PPFD—LCP):|

where P is the net photosynthesis rate; P, the maximum photosynthesis rate,
A, corresponds to the initial slope of the curve at low light levels (0 - 200 pmol
m2s™"); LCPis the light compensation point (referring to the x-intercept, when
net photosynthesis is equal to zero), and PPFD refers to the incident photosyn-
thetic photon flux density. The light saturation point (LSP) was defined as 90%
of PPFD at P,,, using Formulate (1) [20] [21].

The statistical program SPSS 13 was applied to analyze mean comparison be-
tween accessions and years under One-way ANOV A statistics with significant at
the P < 0.05 significant level.

3. Results
3.1. Meteorological Data

The highest temperature during the study was 38.2°C (average highest daily
mean 30.8°C) and the lowest —1.0°C (average lowest daily mean 1.0°C) (Figure
1(b)). Temperatures below zero only occurred for two days on 22™ and 23" De-
cember, 2008, and the daily mean temperature then averaged 3°C until the mid-
dle of February. Temperatures rose rapidly in mid February to 27°C - 30°C,
dropped again in March to below 10°C, before rising again in April. The total
rainfall was 2023 mm from April 2008 to March 2009 (Figure 1(b)), which was
6% higher than the long-term average.

3.2. Dry Matter Yields and Quality

The grass accessions produced between 23.5 - 67.0 t-ha™" DM, three to five times
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higher than the stylo accessions which produced 6.4 - 13.0 t-ha™' (Figure 2). The
two stylo accessions behaved as annuals and died out during the first winter.
They both were resown the following spring in April 2009. In the second year,
DM yields of the stylo accessions were higher than the first year yields, but DM
yields of the grass accessions were lower in the second year compared to the first
year. Among the five grass accessions, Guimu-1 hybrid elephant grass produced
significantly the highest (P<0.05) DM (67 tha™"-yr™'), 122% and 92% higher than
the paspalum accessions in 2008 and 2009 respectively. M II also produced sig-
nificantly higher DM yields than the two paspalum accessions (P < 0.05), 27%
and 40% higher in 2008 and 2009 respectively, but yielded similar levels to hy-
brid elephant grass. In the established year, paspalum from Thailand produced
significantly higher DM than that from Hainan island, but not significantly dif-
ferent in the second year.

Crude protein levels of the two elephant grass accessions, two stylo accessions
and M II were all over 10% at all cutting intervals, but the two paspalum aver-
aged only 7.5% (Table 1). Hybrid elephant grass yielded significantly higher le-
vels of crude protein than the other grass accessions, which were similar to levels
produced by Ubon stylo, however, Reyan 5 stylo from Hainan island yielded
much less levels of crude protein but higher levels of fibre than Ubon stylo from
Thailand. The two paspalum accessions produced the lowest crude protein but
their leaf ratio was over 80%, which was similar to M II and much higher than
the elephant grass and stylo accessions (Table 1). M II produced high levels of
crude protein, low fibre levels and a high percentage of leaf DM. Guimu-1 ele-
phant grass produced significantly less proportion of leaf DM (52%) than the
other grasses in the study. Both stylo accessions had a lower proportion of leaf
DM than the grasses (Table 1).

80
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Figure 2. Dry matter yield of seven tropical forage accessions in 2008 and 2009. SR5
(Reyan 5 stylo), SU (Ubon stylo), PG1 (Guimu-1 hybrid elephant grass), PH (hybrid ele-
phant grass), PU (Ubon paspalum), PR11 (Reyan 11 paspalum), MII (M II). Different
lower case letters refer to significant at the 0.05 level under One-way ANOVA statistics.
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Table 1. Levels of crude protein, crude fibre and leaf ratio in seven tropical forage acces-

sions.
Crude protein Crude fibre Leaf DM ration %
Accession Cutting time
(%) (%) £CV%
Mulato II August 11.9 25.5
(M1I) November 10.6 25.2 84.79 £0.01
Reyan 2 paspalum August 8.0 27.8
(PR2) November 7.7 34.0 80.36 + 6.88
Ubon paspalum August 7.4 28.4
(PU) November 7.2 27.8 90.65 + 5.15
Guimu-1 hybrid
August 10.3 29.2
elephant grass
November 13.3 321 52.34 £4.73
(PG1)
Hybrid elephant grass August 15.4 30.3
(PU) November 16.1 25.0 64.10 +3.42
Ubon stylo (SU) November 16.8 26.4 49.57 +7.06
Reyan 5 stylo(SR5) November 11.0 34.1 47.82 £ 8.16

3.3. Photosynthesis

Under a given PPFD = 1500 pmol-m™ s, the net photosynthesis rates (P,) of
the seven accessions were all over 28 umol'm™s™', of which hybrid elephant
grass and M II were over 42 pmol-m s, followed by Guimu-1 hybrid elephant
grass, Reyan 5 stylo, Ubon paspalum, Ubon stylo and Reyan 11 paspalum
(Figure 3(a)). Stomatal conductance (G,) of the two legume accessions was sig-
nificantly higher than that of the grass accessions, while Gs of Guimu-1 hybrid
elephant grass and Hybrid elephant grass was significantly higher than that of
the other three grass accessions, (Figure 3(b)). The transpiration (7}) of the two
stylos was significantly higher than that of grasses, (Figure 3(c)), resulting in
their water use efficiency (WUE) being significantly lower than the grasses,
(Figure 3(d)); Tr of MII was higher than that of other four grass accessions, but
it was no difference among paspalums and pennisetum. WUE of hybrid elephant
grass was significantly highest followed by PG1, MII, PU and PR11. The photo-
synthesis-light curve analysis of the five grasses resulted in the M II curve on the
top, followed by hybrid elephant grass, Guimu-1 hybrid elephant grass, Ubon
paspalum and Reyan 11 paspalum (Figure 4(a)); The maximum value of net
photosynthesis was highest in M II, followed by the two hybrid elephant grass
accessions and the two paspalum accessions (Figure 4(b)). Light saturation
points (LSP) of M II and the two hybrid elephant grasses were much higher than
the paspalum accessions (Figure 3(b), Figure 4(c)).

3.4. Cold Tolerance and Winter Survival

None of the stylos survived after the winter. Reyan 11 paspalum survived better
than the other accessions in all three treatments (Figure 5). The survival rates of

Reyan 11 paspalum under plastic cover and control treatments were not differ-

%%
035: Scientific Research Publishing

457



C.X.Heetal.

(b)

N

Gs (mol m2s)
o o o o :
O N b OO OO =~ N

SRS SU PG1 PH PU PR11MiIl SR5 SU PG1 PH PU PR11 MIl
Accession Accession
(c)
25
$20
=
3 15 |
€10 |
50
0
SR5 SU PG1 PH PU PR11 MII SR5 SU PG1 PH PU PR11 Ml
Accession Accession

Figure 3. Photosynthesis characters of 7 tropical forage accessions at a given PPFD of
1500 umol-m™2s™. SR5 (Reyan 5 stylo), SU (Ubon stylo), PG1 (Guimu-1 hybrid elephant
grass), PH (hybrid elephant grass), PU (Ubon paspalum), PR11 (Reyan 11 paspalum),
MII (M II). P, refers to net photosynthesis rate, G, to stomatal conductance, 7, to trans-
piration rate, WUE to water use efficiency. Different letters refer to significant at the 0.05
level under One-way ANOVA statistics.
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Figure 4. Photosynthetic rate response to PPFD of 5 grass Accessions. PGl (Guimu-1
hybrid elephant grass), PH (hybrid elephant grass), PU (Ubon paspalum), PR11 (Reyan
11 paspalum), MII (Mulato II).Where P,: net photosynthetic rate, P, : the asymptote of
photosynthesis at high light, ZSP Light saturation point.

ent and were significantly higher than survival rates under the straw cover
treatment. The survival rates of Guimu-1 hybrid elephant grass and hybrid ele-
phant grass were also high under control management, 85% and 90% respec-
tively (Figure 5). Survival rate of M II under plastic cover was 83.2%, signifi-
cantly higher than under straw covering (15.7%) and control (5.8%) treatments.
Similarly, the survival rate of Ubon paspalum under plastic cover also increased
compared to control and straw cover, but these latter two cover treatments were
significantly higher than those of M II. Survival rate of paspalum from Hainan

was higher than that from Thailand in different treatment, particularly under no
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Figure 5. Survival rate after winter 2008-2009 under species and management treat-
ments. CK: control, MC: grass and straw cover, PC: :plastic sheet cover. SR5 (Reyan 5
stylo), SU (Ubon stylo), PGl (Guimu-1 hybrid elephant grass), PH (hybrid elephant
grass), PU (Ubon paspalum), PR11 (Reyan 11 paspalum), Mulato II (M II).

cover treatment (CK).

4. Discussion

In subtropical areas of southern China, it has been short of native perennial
pasture species with excellent quality. But the wet season coincidentally occurs
in the hot summer provide an advantage condition for introducing tropical pas-
ture species. However, low temperature (minor degree occurs commonly) in
winter would constrain to establish perennial pasture with good tropical species
which needs persistence over years. In this study, productivity of all the acces-
sion are high. PG1 and PH elephant grass become widely grown in southern
subtropical China due to their very high DM and protein content. Although the
growing season is shorter than that in Thailand, DM of M II, PU, and SU were
much higher than those reported at northeast Thailand [13] [15] [22]. The rea-
son may be that sufficient heat, water and radiation at our subtropical site facili-
tate these plant to photosynthesize and produce biomass; Comparatively, at
northeast Thailand, the long dry season from winter to early summer, and fol-
lowing long rainy and dully summer days which result in periodic water and
radiation deficiency leading to photosynthesis and biomass reduction [15] [22].
With high leaf ratio and low fibre levels, M II and the two paspalum accessions
present good digestive and palatable traits [14] [15]; they might produce smaller
amounts of DM comparing to elephant grass but still making them promising
summer accessions in southern China.

Photosynthesis variables consider to be indicators of productivity capacity.

P .. of the 5 grass accession are high. 2, .. of two elephant grass PG1 and PH is
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much higher than some other elephant grasses such as pearl millet (Pennisetum
americanum L.) (25 pmol-m™s™") [23], and common elephant grass (Pennise-
tum purpureum Schumach) (<30 pmol-m™s™") [24]. PR11 and PU paspalum
produce 2, in our study is compatible to PR11 paspalum (28.8 pmol-m *s™") re-
ported by Liu [25] at Zhanjiang, China but higher than bahia grass (Paspalum
notatum Fliigge) (26 pmol-m™s™") by Ribeiro [26]. This results showing these
introduced grass accessions presented a satisfied productivity capacity. The two
stylos produce higher P, than that under cooler and less radiation greenhouse
condition [12], indicating stylos prefer to high radiation and hot temperatures.
Therefore, subtropical summer is advanced for stylo to uptake CO,.

However, high photosynthesis does not always results into high DM [11].
Under natural conditions, DM obtained from photosynthesis may be influenced
by many factors, e.g. LAI, radiation reaching the leaves, leaf temperature, air
humility and soil conditions and fertility [27]. Our five grasses has high leaf area
index (LAI, MII: 11.29 + 2.05; PU: 8.01 £ 1.25; PR11: 7.82 * 1.5; PG1:5.2 + 1.0;
PH:4.04 + 1.3), which may be a one reason to explain their high DM. DM/P, .

ratio could be referred to photosynthesis-biomass transfer rate. Range DM/ 2,
ratio (Figure 6) did not fully consistence with range of DM (Figure 2) or P,
(Figure 4(b)). With highest DM/ P, ratio, PG1 elephant grass obtained highest

DM from high photosynthesis rate. However, due to its fair low DM/Z,

max

ratio,
PU elephant grass obtain much less biomass than PG1 although it has similar
photosynthesis rate and LAI. Meanwhile, with lowest DM/Z, ,, ratio among all
the accession, M II obtain lower DM than PG1 even though it has higher photo-
synthesis rate and LAI. Additional reason could be that dense canopy of M II
may block radiation reaching to leaves understory thereby reducing total photo-
synthetic production and hence producing lesser amounts of DM; furthermore,
M II has a large root biomass (Eduardo Stern personal communication) and
more root biomass implies less above ground DM [28].

High net photosynthesis may at the same time consume a lot of water from
the soil by high stomatal openness [29]. In this study, although the transpiration
rate of all 7 accessions were high, but the stomatal openness and transpiration
rate of grass accessions were much less than of stylo accessions, thus the water
use efficiency of the grass accessions were particular higher than that of the stylo
accessions, indicating the grass accessions might adapt to less water condition.

When considering the persistence of a tropical species growing at subtropical
zone, it is very important to understand if this species can tolerant to cold tem-
perature below 0°C. PG1 and PH elephant grass and PR11 paspalum had high
survival rates without any cover management, suggesting they are good cold to-
lerance. Ubon paspalum may consider to be a medium cold tolerance accession
as it could survive well under any either cover management. However, M II was
very susceptive to cold, it could survival only under plastic cover management.
In Florida, USA, M II was considerably weaken by winter cold temperatures be-

low 0°C and recover slowly in the spring [3]. There is significant risk in using M
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Figure 6. The ratio of Dry matter/Maximum net photosynthetic rate of the grass acces-
sions. PG1 (Guimu-1 hybrid elephant grass), PH (hybrid elephant grass), PU (Ubon pas-
palum), PR11 (Reyan 11 paspalum), MII (M II).

IT in perennial pasture systems. Therefore, in subtropical conditions, M II should
be treated as an annual and be replanted every year.

To introduce legume forage accessions is very important as the number has
been far from sufficient in subtropical region. In our study, although the sum-
mer DM of the two stylo accessions was high, but they succumbed to the winter
cold with no plants survive during the winter. Some studies reported that some
stylo accessions could survived in a mild winter cold subtropical sites [16] [17]
[30]. SR5 presented most weaken to cold comparing to other stylo accessions
such as GC1480, GC 1463 and Reyan 10 stylo [17] [30]. Therefore, SU and SR5
stylo should be treated as annuals and be replanted every year.

Accession trained in different climate condition may affect its cold tolerance.
Two grass accessions PG1 and PH from Nanning (south subtropical) express the
best cold tolerance, following PR 11 paspalum from Hainan(north tropical) and
PU paspalum and M II from Ubon Ratchathani, Thailand (typical tropical). As
Nanning, Hainan and Ubon Ratchathani locate in northern hemisphere de-
creasing with latitude, meaning their minimum temperature increase; thus we
could conclude that trained in a cooler climate is possibly to result in better cold
tolerance of an accession.

Different cover practice may influence on cold-susceptibility of a plant. Basing
on the data of two weak cold-tolerance accessions PU and M II, we could specu-
late that plastic cover is significantly better than mass (straw) cover. The reason
may be that: in mass cover management, the cold air could reach to the stubble
by the inter space of the straw, while in plastic management, plastic could block
the cold air from the stubble, as a result to delay the cold impact. Therefore,

plastic cover may be better to protect the stubble.

5. Conclusion

Due to climate restrained, to evaluate a high production and good quality forage

K2
0:;5: Scientific Research Publishing

461



C.X.Heetal.

accession is an urgent practical problem in the subtropical region. Our study
suggests that all 5 grasses could be used as summer forage as they produce high
photosynthesis and mass production and good protein content. Two elephant
grass PG1 and PH, and paspalum accession from Hainan are the most suitable
species as perennial pastures in Guangxi subtropical region. However, the two-
stylo legume is not suitable for perennial because they are susceptible to winter
cold. Paspalum trained in a cool climate zone before being introduced to sub-
tropical region is recommended; but it needs some cover for winter management
if introduced from warm climate such as Thailand when used for perennial
parsture. M II has very high leaf proportion but sensitive to cold; it needs plastic
cover during winter when used for perennial forage. Therefore, it is necessary to

understand the accession’s performance before planted in large scale.
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