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Key Strategic Opportunities

» Abundant biomass production in tropics (high solar
radiation and year round production — water is key)

» Large land tracts potentially available (Largerdase
in sugar and pineapple production)

» Diversity of Marketing Options (flexibility &
challenges). New Feedstock Processing Alternative:

» Guinea — Abundant tropical grass, high yields, edri
nutrient content, grows well in HI at low elevatson

» Opportunity to adapt new/existing technologies of
biomass conversion high energy feedstocks

» Synergism (Bioenergy and Biofuels) — New Crops
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Figure 1. Simulated tops weight/ha (stover+grain) ta
maturity for maize planted on the first day of eachmonth
at Ewa, Oahu, under rainfed conditions.
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Figure 2. Simulated tops weight/ha (stover+grain) ta
maturity for maize planted on the first day of eachmonth
at Ewa, Oahu, under irrigated conditions.
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Guinea Grass
| (Panicum maximum Jac

* Ubiquitous throughout the

Originally came from Africa.
15 cultivars (FAO web site)

~ that vary considerably in plant
physiological & growth charac.

- A myriad of common names
. which is a reflection of its

& » The most frequently cited,
particularly in Hawaii, is
Common Guinea.

tropical and subtropical regions.

presence through-out the world.

ege of Troj Agriculture and Human Resources
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Guinea GrassHanicum Maximum, Jagq

* GG is the dominant species on former sugarcane lands

* Itis tolerant of grazing, provides good quantity and
quality forage.

« Itis an ideal forage plant as it grows well on a wide
variety of soils.

|t responds very quickly to fertilizer and watering.

It grows from sea level up to 1,200m. GG is considered
as a suitable plant to stop soil erosion on slopes (it has
dense root mats) while providing valuable forage.

* lts resistance to drought also means it builds up a
dangerous mass of plant material so when fires occur,
the blaze is fiercer and native plants which have not built
up fire-tolerance are wiped out.
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- It is considered a dangerous exotic weed thatreggps or
displaces local plants. The seeds are disperséddbsy
- It can survive long dry spells and quick-movinge§ which does not

@ College of Tropical Agriculture and Human Resources
University of Hawai‘i at Manoa

Distribution, Adaptation, & Uses:

» Guinea grass is reported to tolerate annual pitatign of 6.4 to
42.9 in (mean of 40 cases = 18.5), annual temperafib4.0 to
82.1°F (mean of 40 cases = 74.1), and pH of (aBye 4.3 to 8.4
(mean of 33 cases = 5.9).

* Itis commonly found in moist soils, tolerates @g&o open
canopies, and worldwide occurs on roadsides amralanks from
0 to 7704 ft elevation.

» Guinea is found well north and south of the suylit® as well. It
generally ranges from 168 to 28.7PS although more recent
sightings have expanded this range.

» In Hawai'i, naturalized and common from 0-278%ftyeed of
sugarcane fields, roadsides, and river banks. & dogtolerate
waterlogged, clayey soils in high rainfall regidiass commonly
found in moist soils - tolerates shady to open casp

* In fact Guineagrass has been considered a magtyrgoed treated
like a weed in the pineapple/sugarcane lands farsye therefore
historically little-no research has been conduetéd GG in HI.
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Plant Establishment & Fertilization:

Full seed-bed preparation is generally requiredoineagrass
establishment but because of its good seed prastuctseeding
is not required once established.

Sowing depth should not be more than 0.6 in, gshsalv in the
spring or early summer so that forage is estabdisiefore the
extreme heat of summer at the rate of 3-6 kg/Ha42 |b for
‘Hamil’, 7.7-9.9 Ib for ‘Common’).

Average number of seeds per Ib is 793,651 witfediht
cultivars varying (467,120 for ‘Hamil’; 997,732 f@ommon)
and they do not require any special treatment e>agging.
Guineagrass normally seeds profusely.

It should be controlled in the seedling stageat esvery difficult
to remove later when the grass is well establistretit reaches
maturity where seed production occurs.

Growth Patterns, Yields & Soil Requirements

Stand density, plant maturity, soil moisture, and
fertility are all factors positively correlated yceld.

Although yields are most affected by rainfall ambu
and distribution many other factors interact withl s

moisture to affect plant growth, including soil tigse

and fertility, management, and cultivars.

Guineagrass regrows quickly, even in short grazing

rotations, and can produce equal amounts of forage
whether harvested bi-monthly or biannually in aisem
arid climate (22.8 in rainfall/year).

In African range, Guinea grass was able to in&eas
(sandy soils) or maintain (alluvial soils) its
propagation of total DM vyield after 6 yr of being
clipped whenever it flowered.
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Growth Patterns, Yields & Soil Requirementsg

» Green matter yields of 38.8 tons/acre per yeae hav
been obtained from unfertilized stands; on well
manured or fertilized stands, 55.8-67.0 tons/aceergr
fodder has been obtained per annum.

» Guineagrass will grow on a large range of soilg, b
produces poor stands on infertile types. It is well
adapted to sloping, cleared land in low to moderate
rainfall areas (31.5 to 70.9 inches in well-draigeds)
and it will tolerate acid conditions if drainagegisod.

 Guineagrass requires medium to high soil fertil#nd
prolonged grazing or harvesting without replaciat s
nutrients but it normally results in stand declines

« Forage yield and nutritive value is also generhigher
in grass-legume mixtures than pure, unfertilizeakgr
swards.

Factors Influencing Forage Quality

Environment

Light intensity (solar radiation) Temperature

Day length Topography

Water (precipitation) Soil (fertility, moisture)
Vegetative growth (yield) Development
Maturity, plant death Dormancy

Plant Composition

Reserves Cell wall (NDF)
Non-structural carbohydrates Lignification
Protein fractions Secondary factors affecting user

Value as Feedstock (Animal or Bioenergy Crop)

Nutritive value (balance) Quantity of forage (avhiliy)
Availability/access Intake and digestibility/passage
Forage/Grazing Management Harvesting and storage

$$$ Returns to Producer
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Grass Nutritional Value

CHEMICAL COMPOSITION OF FORAGES,

PARTICULARLY GUINEA GRASS ( Panicum maximum )

VARY WIDELY DEPENDING ON:
Geographical location (soil type, elevation)

Weather (temperature, solar radiation, rainfall)

Soil pH and fertility

Pasture/forage management techniques

TROPICAL GRASSES MATURE RAPIDLY AND

NUTRITIVE VALUE DELINES WITH:

Lower soluble carbohydrate and protein
contents; Higher fiber and lignin levels

Nutrient Analysis of Various Tropical Biomass Grass

Matter (DM) Basis ]

es [Data on Dry

Source of data - Combination of Dr. James R. Carpent  er research samples and Dept of

HNFAS data base.

Grass Dry  Crude Ash NDF  Cellulose Lignin
Matter Protein  (Inorganic) ~Cell Wall
Guinea  Fresh
n 38 41 26 14 14 14
Mean 339 121 11.7 693 321 59
Min 155 23 7 564 245 35
Max 75.1 21.7 166 819 385 99
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Mineral Analysis of Various Tropical Biomass Grasse
(DM) Basis

Source of data - Combination of Dr. James R. Carpent
HNFAS data base.

s (Data on Dry Matter

er research samples and Dept of

Grass

Dry

Ash, %

Calcium

Phosphorus

Potassium

Silicon

Aluminum

Iron

Matter, %

(Inorganic)

%

%

%

%

ppm

ppm

Guinea
n
Mean

Min

Fresh
38
33.9
155
75.1

26
11.7

16.6

42
0.53
0.15
1.35

43
0.29
0.1
0.82

43
1.94
0.4
5.02

3.01
2.74
3.33

13
174
24
580

39
124
10
510

Best Management Practices for the Remediation of Fmer
Sugarcane Lands for Sustainable Livestock Productimin Hawaii.

J.L. Deenik, M.S. Thorne, L.J. Cox, H.H. Keyser, &M.H.
Stevenson; CTAHR, Univer. of HI at Manoa
Methods: Experimental Design (Kauai, Big Island)

Split-plot complete block (3 ea) with a factonmbt,
randomized (3x3x2x2) arrangement four treatmeribfac

lime, nitrogen, legume seeding, and grazing
Whole plot treatments include:
3 levels of lime (CaCO3) application at 0, 4.5 442

t/ha,

3 levels of nitrogen fertilizer (urea; 46% N) ati®2, and
365 kg/ha,

2 seeding rates of perennial pearachisspp.) at 0, and

14 kg/ha.

Grazing level; ungrazed (UG) or moderately grazexigG
a split plot treatment.
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Preliminary Conclusions

Many ranchers are now leasing or purchasing fosugarcane
lands on the islands of Kauai, Maui and Hawaii. sMaf these
lands, once abandoned, developed into open grasskamere GG
is now the dominant species.

The soils on these former sugar lands tend tdarbagy acidic
and deficient in important plant nutrients like®,K, and Ca, and
thus, limit the productivity of desirable grassas éegumes.

Results to date show that GG production responaleidly to N
fertilizer added at moderate quantities. Doublimg addition of
urea more than doubled guinea grass productidmeitiawaii
Island pasture, but did not increase grass proaluctn Kauai.

This suggests that N fertilizers not only increBsage production
and productivity, but also improve pasture by bimgsguinea
grass production and reducing weeds in weedy pesstur

Preliminary Conclusions (Cont’'d)

In the short term, lime showed no effect on gmssluction:
indicating that guinea grass is well adapted td goils low in
extractable Ca & P.

Although they noted no significant improvementarage quality,
cattle grazing pressure on treated plots was heeslagive to the
untreated plots indicating improved palatability.

Climatic differences between the two study sited & dramatic
effect on forage productivity (dry weight accumigdat(lb) per day).
The low elevation pastures in a warmer climate anad showed
high productivity at the highest N level producioig average 170 If
guinea grass (DW) per day compared with 75 Ib DWdag at the
Big Island site.

The higher average temperature at the Kauairsitshates into mor
solar radiation and is likely the major contributorithe high grass
productivity.

1%
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Overall Conclusions & Implications

Its quite clear that several crops can be growtecuccessfully in
Hawaii and we are just beginning to understandkéys to GG
production/utilization. We have limited knowledgetioe
economics or commercial production of many of thae@s.

Are we convinced that using Hawaii’s forage grassed acreage
for bio-energy is good use of these resources. Aasetmore
efficient sources of carbon for bio-fuel/energyrtltgpasses, and arg
there more efficient systems than pasture / rangslghat can
produce far greater amounts of potential energyapes.

Are there more efficient locations (mainland) tbah produce bio-
energy far less expensively than here. Bio-energguysstion in
Hawali will always be extremely limited in quantéyd quality.
Will the value of the bioenergy extracted from thed be greater

than the cost to produce it? (labor, fertilizenjipognent, fuel,
irrigation, distilling, production, storage, shipgi, marketing, etc.)

Overall Conclusions & Implications

Can we produce enough carbon to meet the demarttie long
run, we will always, like our food, be importingergy sources
from somewhere and they will always be cheaper thizet can be
produced here.

Use of large tracks of land for bioenergy cropd gieatly
reduced our capacity to produce food in the islgtis byproduct
from this process will not make up for the thousaatlanimal
units lost by harvesting fresh guinea grass fdubl-production).

Is importing food items into the state more costign importing

fuel/energy into the state. Unit for unit on a papita basis, does

l;lood cost more for Hawaii consumers than the eneogygumed
ere.

Therefore should the state be placing more efforfand/water

use for increasing agricultural food productiorheatthan

focusing on energy.
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