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ABSTRAC1'

A preliminary investigation was undertaken to determine the effective­ness of using treated municipal wastewater for irrigation and nutrientstripping by three agricultural crops. Alfalfa and guinea grass werechosen because local production could reduce the large amounts of alfalfacubes and hay imported for the dairy and cattle industry. Papaya wasselected because it is a developing export crop with an established market­ing infrastructure.
Health hazards were not a factor in this study. Forage crops areconsumed by animals before reaching the human food chain. Papayas areharvested 5 to 10 ft above the ground (where drip irrigation lines werelocated), with no direct contact by the irrigated wastewater.Alfalfa produced 16.6 tons/acre/yr dry wt or 85 tons/acre/yr wet wt;guinea grass yielded 21.0 tons/acre/yr dry wt or 126 tons/acre/yr wet wt.Guinea grass contained 1.5 times more water than alfalfa, and although drywt production was higher, its crude protein content was lower, amounting to1.96 tons/acre/yr compared with 3.49 tons/acre/yr for alfalfa.Both forage crops striFPed N fran the effluent but guinea grass wasmore efficient than alfalfa. Nitrate levels of the guinea grass percolatewere below the drinking water limit of 10 ng/R. as NOa-N after the firstharvest, while alfalfa gradUally increased its stripping ability andexceeded the limit after the fifth harvest.

DiffiCUlty was encountered in obtaining a viable crop of papaya.Of the transplanted seedlings, only 25% survived and became established.Thus, female papaya plants were not culled and fruit production ratewas measured for all the plants. Extrarolation of the total yield of122,000 lb/acre/yr, of which 30% was marketable, indicated papaya pro­duction amounted to 36,000 lb/acre/yr which is comparable to cormnercialproduction in Karoho, Hawai'i.





vii

ABSl'RACI'•••• . . . . . . . . . . . v

ANALYTICAL METHODS AND Sl\MPL~ AND HARVESTIR; TEOiNIQUES •

INTROOUCI'ION. •

EXPERIMENTAL PLOIS.
Seed Bed Preparation •
Irrigation • • • • • •

. . . . . . . . . .
. . . .

. . . .

1

5

5

7

8mop QIARACl'ERISTICS. •
8

. . .
9

• • • • 11

22

24

25

· . . .Water and Nutrient Budget Estimates. •
Effect of Environmental Conditions on Crop Yield •
Percolate Water Quality from Alfalfa Plots • • • • •
Forage Value of Alfalfa Grown in Mililani. • • • • • •

ALFALFA PROOUCI'ION. • •

Nutrient and Mineral Uptake of Guinea Grass. • ••••••••Effect of Environmental Conditions and Crop Yield. • • • •Forage Value of Guinea Grass • • • • • • • • •

GUINEA GRASS PRCDUCI'ION • • • • • • • • • • • • . . • • • • • • • • 27

28

32

36
PAPAYA PROOUCI'ION • • • • • • • •

Irrigation Rates • • • • • • • • • • • • • • •
Fruit Size and Weekly Production Rates • • • • •
Fruit Quality. • • • • • • • • • • • • •

42

. . .

• • • • • 37

38

41

41· .
. . . .

· . .

. .. .. . .. .. .. . .. . . .SUMMARY •••••

REFERENCES CITED.

. . . . . . . . . . . . . . . . .
. . .

• • • • • • • 44

· • • • . 45

Figures
1. Schematic Layout of Alfalfa, Qlinea Grass, andPapaya Experimental Plots at Mililani, O'ahu •
2. Irrigation System for Papayas. • • • • . .

6

7
3. Harvested Nitrogen as Function of Net Applied N for Alfalfa. 15
4. Uptake of Nitrogen in Alfalfa as Function of Day-Length Hours. 16



viii

5. Uptake of Nitrogen in Alfalfa as Function of Global Radiation. 17

6. Tissue Uptake of Potassium in Alfalfa as Function of Time. 18

7 • Tissue Uptake of Iron in Alfalfa as Function of Time • • • • • • • 18

8. Tissue Uptake of Manganese in Alfalfa as Function of Time. • • 19

9. Dry Matter Yield as Function of Days of Growth for Alfalfa • • 21

10. Percent Protein as Function of Percent Dry Matter in Alfalfa • • • 21

11. Mean wet Weight and Dry Matter as Function of Day-Length Hours 22

12. Dry Matter as Function of Global Radiation for Alfalfa

Growth Uooer Similar Irrigation Rates and Growth Period. • • • • • 23

13. Nitrate Nitrogen in Percolate from Alfalfa Plots

and in the Awlied sewage. • • • • • • • • • • • • • '. • • • • 25

14. Dry Matter Harvested as Function of Net Awlied Nitrogen • 30

15. Variation of Potassium in Plant Tissue with Time for Guinea Grass. 31

16. Variation of Iron in Plant Tissue with Time for Guinea Grass • •• 32

17. Variation of Manganese in Plant Tissue with Time for Guinea Grass. 33

18. Productivity of Guinea Grass as Function of Day-Length Uooer

Similar Irrigation Rates • • • • • • • • • • • • • • • • • • 35

19. Productivity of Guinea Grass as Function of Global Radiation

Under S~ilar Irrigation Rates • • • • • • • • • • • • • • • 36

20. Nitrate Nitrogen in Percolate from Guinea Grass Plots and

in the Awlied sewage. • • • • • • • • • • • • • • • • • • • • 37

21. Percent Number of Ovoid Papaya as Function of Time • . . . 39

22 • Ovoid Papaya Yield Normalized to Weekly Yields, 5-rk

Moving Average Trend • • • • • • • • • • • • • • • • • • • • • •• 39

23 • Round Papaya Yield Normalized to Weekly Yields, 5-~

Moving Average Trend • • • • • • • • • • • • • • • • • • • • 40

24. Total Papaya Yield Normalized to Weekly Yield, 5-~

Moving Average Trend • • • • • • • • • • • • • • • • . . . . . 40

25. Fiv~week Moving Average Trend of Mean Weights of Ovoid

and Roond Papayas. • • • • • • • • • • • • • • • • • • • • • • • • 41



ix
Tables

1. Alfalfa Growth Period and Yield from Experi.Irental Plots.
2. Percolate and Sewage Quality ••••••••••
3. Water and Nutrient Balances for Alfalfa Plots. •

12

13

• • • 14
4. Calculated Nitrogen Uptake from Tissue Analysis of Alfalfa. 16
5. Nitrate Nitrogen Content of Alfalfa on Dry Weight Basis•• 20
6. Canparison of ~trient Composition of Alfalfa Grown at MililaniExperi.Irental Plots with Average Mainland and Canadian Values 26
7 • Canparison of Proximate Analyses for Mililani and MainlandAverages of Alfalfa. • • • • • • • • • • • • • • • • • • • • • •• 27
8. Qlinea Grass Growth Period and Yield from Experimental Plots • 28
9. Water and Nutrient Balances for Guinea Grass Plots 29

10. Nitrate Nitrogen Concentration in Guinea Grass onDry Weight Basis • • • • • • • • • • • • • • • • • • • • • • • • • 33
11. Calculated Nitrogen Uptake from Tissue Analysis of Guinea Grass.. 34
12. Comparison of Guinea Grass Grown at Mililani, Olahu, withOther Tropical Countries • • • • • • • • • • • • • • • • • • • • • 37





INI'RCDUC1'ION

A small-scale integrated preliminary investigation was undertaken to
determine the effectiveness of using treated municipal wastewater to irri­
gate alfalfa (Medicago sativa), guinea grass (Panicurn rnaximJrn), and papaya
(Carica papaya), and to determine these crops' nutrient stripping quali­
ties.

In large continental areas such as the mainland U.S., fresh surface
water is typically reused many times between its initial appropriation at
the source to eventual entry into the sea. Municipalities adjacent to sur­
face water sources draw water as needed, cleanse it for use, collect it
after use, cleanse it again, and' dispose the treated discharge back into
the stream. This continues until the flow reaches the ocean. In contrast,
stream reaches in Hawai' i are so short that municipal water is just used
once, then disposed into the ocean. If the once-used water could be reused
for irrigation, its utility would be greatly enhanced. This reuse also
reduces the drain on potable water resources which are presently used for
irrigation.

Municipal wastewater irrigation reuse is a common and accepted prac­
tice on golf courses in Hawai'i. But in the agricultural sector where the
results of production enter the human food chain, great caution has been
exercised because harmful organisms, viruses, and heavy netals contained in
sanitary sewage can be recycled through such reuse. Much work has been
done nationwide as well as locally to ascertain the safety of irrigating
with treated wastewaters (Crane and Moore 1984; Bitton and Gerba 1984;
Young and Burbank 1973). In Hawai' i, Lau et ale <1972, 1974, 1975) studied
the effectiveness of irrigating sugarcane with treated sewage effluent.
Their work showed that with slight modification fran standard cultural
practices, wastewater can be successfully used in commercial sugar
agronomy.

Sugarcane is a good candidate for sewage effluent irrigation because
the cane is processed before the sugar is consumed by man. This is in
contrast to direct consumption, such as vegetables eaten raw or only par­
tially cooked, which would be poor choices for such irrigation. Forage
crops, such as alfalfa and guinea grass selected for this study, are also
good candidates since they only indirectly enter man's food chain. Papaya,
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although eaten raw, is also a good candidate since the fruits are borne

high above the ground, thus reducing the I;X>ssibility of direct contact with

irrigation wastewater (presupposing no sprinkler irrigation) as compared to

crops grown close to the ground. Aerosol contamination is I;X>ssible but was

not investigated in this study. Alfalfa, guinea grass, and papaya were

specifically selected for their attributes and characteristics which make

them I;X>tentially viable and useful crops as well as being well suited to

effluent irrigation.

As nentioned above, sugarcane, Hawai Ii IS major agricultural crop

($23 million in sales as of 1982 [OPED 1983]), is a good candidate for

effluent irrigation. In recent years, however, its long-term viability has

increasingly shown signs of vulnerability due to low sugar prices, smaller

profit margins, and lower yields, due partly to drought conditions. * Thus,

as the economic viability of sugarcane becomes lOOre tenuous, the state

needs to reexamine the I;X>tential of other crops as land is withdrawn fran

growing sugarcane. However, it should be made clear at the outset that

while alfalfa, guinea grass, and papaya are I;X>ssible alternative crops,

none of these can utilize the large acreage presently in sugarcane. No

single crop, or combination of crops, are available today to match or re­

place sugarcane in acreage and economic return.

Alfalfa was selected for this experiment because a large amount of

alfalfa cubes and hay (33,192 tons in 1983 values at $6.3 million) is im­

I;X>rted for the dairy and cattle industry (Hawaii Agricultural ReI;X>rting

Service 1983). It has been recognized for same time that if local produc­

tion could sUWlant these inports, outgoing monies could be retained for

use within the state. lbnerous attempts have been made in Hawai Ii (Ner the

years to grow alfalfa on a commercial scale with some limited success. The

cultural difficulties involved in such production have been discussed by

Goodell and Plucknett (1972). A I;X>sitive change today is the availability

of varieties better suited to tropical enviromnents than were available

during that earlier study.

Besides alfalfa, there is a continuing need for fresh green feed,

COIm'OOnly called "green chop" because it is cut in the field and fed as is

to animals. Pineapple green chop filled this need until its discontinuance

*The Honolulu Advertiser, 30 Aug. 1984, p. ~l; 31 Aug. 1984, p. A-I; 31

Aug. 1984, p. A-lO.
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after heptachlor, an insecticide which had been applied to the plants, was
found in fresh milk.

Q.1inea grass, which is grown locally as a pasture grass in drier
areas, is thought to be a good replacement for pineapple green chop as well
as have export potential as hay. * It is well adapted and grows wild and
aggressively in dry to moderately wet areas at low (warm) elevations. When
allowed to grow uninhibited, it will reach 7 to 8 ft (2.1-2.4 m>. But at
that height its nutrient value is minimal, consisting mainly of cellulose.
As with virtually all grasses, feed value is highest at a young stage when
the protein percentage is higher and there are relatively more green leaves
as opposed to coarser, less nutritious stems as the grass matures. This
means more frequent harvesting at a younger stage as opposed to growing
taller stands which would yield more tonnage per harvest. The strategy
of judicious timing of harvest balances the higher quality and lower
tonnage of young growth with the lower quality and higher tonnage of
greater maturity to attain optimtnn quality and tonnage.

Under natural rainfall conditions, guinea grass grows mainly during
the wetter winter months, becoming dormant as rainfall wanes during the
summer. Thus, irrigation would not only extend the growing season, but
also greatly increase yields during the long days of summer when solar
insolation is highest. Although moisture is plentiful during the winter,
yield is actually reduced during this period because of a combination of
shorter day length (less solar radiation) and flowering of the grass which
greatly reduces foliar growth by diverting energy to seed production.

Alfalfa, a legume, is the preferred forage because of its high protein
content, but it is relatively difficult to grow in Hawai'i. On the other
hand, guinea grass grows aggressively with no care but, being a grass, is
lower in protein even when harvested at a young stage. Alfalfa and guinea
grass fit into different niches of the feed ration schane by virtue of
their differing nutritional composition. At the same time, however, both
are competitors for the same feed dollar in that the rancher would like to
obtain maximtnn feed value for money spent. In the case of forage, protein
content is one of the major criteria of feed value. The dilemna is in
balancing the high quality, lower tonnage, and more difficult culture of

*w. w. r-ti:all 1985: personal communication.
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alfalfa against the lower quality, higher tonnage, and ease of culture of

guinea grass.

Papaya was selected for testing because it is a developing export crop

with an established and ongoing marketing infrastructure which is a major

advantage in export coI'llIOOdities. With irrigation, the plant is well adapt­

ed to the warm climate, high sunlight, and well-drained soils of many areas

presently in sugarcane. The key is good drainage because papaya grows very

well in wet areas as long as the drainage is satisfactory.

Aside from irrigation, wastewater applied in excess of evapotranspira­

tion can be used to recharge the groundwater aquifer if it can be cleansed

to an acceptable level. The initial cleansing steps begin in the waste­

water treatment plant wherein the primary treatment process mechanically

removes settleable suspended solids and the biological secondary treatment

extracts dissolved solids and nonsettled suspended solids. Tertiary treat­

ment, also a biological process, is used to polish off the cleansing pro­

cess, mainly by removing nitrogen and phosphorus. Most treatment plants in

Hawai'i Cb not attain tertiary treatment levels, but all effluent dis­

charged on land is chIorinated before leaving the treatment plant.

Additional cleansing takes place in the plant-soil regime where the

treated effluent is applied in irrigation. A wide variety of soluble plant

nutrients, such as nitrogen, phosphorus, potassium, and sulfur, is dis­

charged in sewage effluent and their recovery through crop intake is a

bonus as well as an inp:>rtant part of water cleansing.

Nutrients are further removed fram a particular environment by

harvesting the crop, whereas if the growth were allowed to remain in place,

the nutrients absorbed by the plant would accumulate and, on decomposition,

would leach into groundwater. Therefore, crop harvesting enhances water

quality and is an essential part of the cleansing process. Thus, in using

wastewater for irrigation three tasks occur sinultaneously: (1) water is

provided for crop needs, (2) nutrients are recycled through crop produc­

tion, and (3) water is cleansed for groundwater recharge.

In addition to the removal of nutrients through plant uptake, the soil

itself is capable of tying up other chemical elements. For example, be­

cause of their mineralogic composition, IIDst of the highly weathered soils

in Hawai' i can inJrobilize large amounts of phosphorus, an element fre­

quently found in wastewater. The soil can also remove bacteria and viruses
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from the percolate under certain conditions (Gerba and Bitton 1984) .

Danestic sewage is preferred for irrigation and recharge because it
is cleaner and less likely to contain undesirable heavy metals, such as
mercury, lead, chromium, or other contaminants that corne from industrial
wastewater. The Mililani Wastewater Treatment Plant secondary-treated
sewage used for this project is almost entirely of domestic origin. There
are few industrial and commercial discharges into the Mililani sewer
system.

The intent of this project was to obtain as much data as p:>ssible to
determine whether this preliminary effort shows promise for further devel­
opnent.

EXPERIMENTAL PLOrS

Five experimental plots were located at the Mililani Wastewater Treat­
ment Plant (MWWrP) from which secondary-treated sewage was readily avail­
able. The growth plots were placed nearby the final effluent chlorination
tank and discharge box. The KWlI'P main recirculation purcq:lS, operated
24 hr/day for sewage effluent, were used to provide pumping pressure for
the irrigation reuse project.

Two plots each of alfalfa and guinea grass were arranged diagonally
opposite each other in a square layout (Fig. 1). The plots were separated
by sheets of p:>lyethylene plastic and by an earth berm to prevent lateral
flow of the irrigation water. The fifth plot contained papaya plants
located next to the guinea grass plot (G-2) and arranged in rows spaced
7 ft (2.13 rn) apart, with 6 ft (1.83 rn) between plants.

The Lahaina soil (Tropeptic Haplustox [Oxisoll; clayey, kaolinitic,
isohyperthermic) at the site is characteristic of the central plain of
0' ahu. At an elevation of 480 ft <146 rn), the normal average rainfall at
Mililani is 40 in.lyr <1 016 rmv'yr).

seed Bed Preparation

The plots were graded and tilled to a depth of 3 ft (0.91 rn) by using
a D-8 tractor. Trenches for the installation of the plastic sheeting and
Porvic (PVC) tubes for water sarrpling were dug using a back-me. Plastic
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Figure 1. SChematic layout of alfalfa, guinea grass, and

papaya experimental plots at Mililani, 0' ahu

sheets were extended chwn to a depth of 3 ft to separate the alfalfa and

guinea grass plots and prevent lateral novement of water during flood irri­

gation periods. Final grading and berm installation were accomplished with

a "Bobcat" which could easily maneuver in the snall space. The Bobcat was

also used to bore 1.5 to 2 ft CO .46-0 .61 m> deep by 1 ft CO.3 m> diameter

holes for the p:l.paya seedlings. The final preparation was rototilling to a

depth of 1 ft using a front-tine tiller and pick and shovel, finishing with

a rear-tine tiller.

To reduce the ~tition of weeds with the alfalfa, the two alfalfa

plots (A-I, A-2) were fumigated with Dowfume* (98% nethyl branide and 2%

chloropicrin) to kill any ungerminated weed seeds, insects, nematodes, and

*Farm Chemicals Haridbook (Meister Publishing 1981) •
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fungi which may have been in the soil. These plots were allowed to aerate
for five days before seeding.

. Alfalfa seeds treated with Rhizobium sp. were sowed by hand at an
application rate of approximately 25 seeds/ft 2 , using sand as a diluent.
GJinea grass was transplanted fran a nearby standing crop (using one stem
with roots) into rows 18 in. (0.46 mn) apart with 1 ft between plants. The
plots for guinea grass were not rototilled and were left rough.

Irrigation

submain (Fig. 2).

1/2-1n. Polyethylene
Latera I PJpe

Irrigation system
for papaya

lIB-in. Polyethylene
TUbin9 \

~kedt:/S:::ke

Figure 2.

1- in. PVC

The forage crops were initially sprinkler irrigated with sewage and
fresh water to establish a finn stand before using a flood irrigation sys­
tem. A IOOnth after the alfalfa plants had been established, all plots were
flood (border) irrigated using a network feed system of 0.5 in. <12.7 mn)
polyethylene tubes as laterals connected to 1 in. (25.4 rrm> PVC submains.
Sewage was obtained from the MWWl'P main J?llIllIS through a 4-in. (101.6-mn)
pipe that feeds a 2 in. (50.8 rem> PVC main line.

The one papaya and four forage plots were irrigated twice weekly on
Tuesday and Thursday by an autanatic timer operating a solenoid valve con­
trolling the flow of sewage. The length of each watering cycle was set
for one oour and the flow rates were adjusted by ball valves installed on
the I-in. submains leading to each plot. Total volumetric flows were

recorded weekly fran I-in. water
meters attached in front of the
ball valves.

The papaya seedlings were
irrigated with fresh water and
sewage using a garden hose, and
later drip-irrigated using 1/8 in.
(3.18 rem> polyethylene tubes with
o.06-in. (1.52-mn) emitters. The
tubes were fed from 0.5 in.
<12.7 mn) polyethylene pipe lat­
erals connected to a 1 in. PVC
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ANALYTICAL ME'lBCDS AND SAMPLIR; AND HARV&STIR; TEOINIQUFS

Porous PVC tubes l~ in. (38.1 nm) in dianeter for water sampling were

buried below the planting surface at an approximate depth of 3 ft <1 rn).

Teflon suction tubes (~ in. [6.35 nml) were attached and extended to the

surface to provide a vacuum source to withdraw the percolate. A PVC pipe,

l~-in. in dianeter, was perforated with 1/8 in. dianeter holes spaced l~

in. apart. These holes were then covered with a layer of PVC window screen

and a sheet of grade "M" Porvic membrane (Sedgley and Millington 1957) was

wrapped over the screen around the tube and cemented in place with PVC

cement. Use of these drainage tensianeters was described by Ekern (1967).

Tests for nitrate and nitrite nitrogen, total Kjeldahl nitrogen, and total

phosphorus were according to Standard Methods (APHA, M'lWA, and WPCF 1980)

and the Methods for Chemical Analysis of Water and Wastes (EPA 1976) •

An X-ray quantaneter was used to analyze plant tissues for selected

elements. Crude protein was calculated by multiplying the amount of

amrooniacal nitrogen by 6.25 since protein is 16% nitrogen. The amount of

ammoniacal nitrogen was calculated as the difference between the total

nitrogen and the nitrate nitrogen.

To approximate the nutritional value of the harvested forage as a

feed, proximate analyses were performed by the Agricultural Diagnostic

Service Center of the University of Hawaii at Manoa, Cooperative Extension

Service, Feed and Forage Analysis Progran.

The alfalfa crop was hand-harvested using a commercial 22 in. (0.56 rn)

hedge trimner, and the guinea grass using a -gas-IX>wered weed cutter to

which a weed cutting blade was attached. The alfalfa was cut leaving

approximately 1 to 2 in. (25.4-50.8 rrm> of plant stern, while the guinea

grass was cut leaving 3 in. <76.2 rrm> of stern. After harvesting, the

plants were inmediately irrigated to reduce water stress.

~ ClIARACl'ERISTICS

Guinea grass (Panicum rnaxintJrn) is a perennial "weed" from Africa that

grows 3 to 7 ft (0.91-2.13 rn) high. The 10 to 30 in. (254-762 rrm> leaves

grow erect and are covered with stiff hai rs at the base. Propagation of
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guinea grass is by seed fran the flowering heads which are 8 to 20 in.
(203-508 nm) long and by underground sterns or stolons (tussocks). This
grass is found at low elevations in areas of low rainfall along roadsides
and in cultivated areas. When planted as forage in a pasture, guinea grass
has a crude protein content of 10 to 11%.

Alfalfa (Medicago sativa L.), the rrost corraoon legume used as a pasture
grass for cattle fodder (hay or silage) in temperate climates, has the
highest water requiranent of any forage crop. Propagation of alfalfa is
by direct seeding. The recommended rate for an optimum stand in Hawai I i
is 200 lb/acre (0.02 kg/m2 ) of seed or 100 seeds/ft 2 (Goodell and Plucknett
1972) •

Papaya (Carica pcmaya) has hollow, single sterns crowned with large
palmate leaves. The melon-like fruit varies greatly in size and shape for
different varieties. The commercial solo variety, used in this experiment,
produces two types of trees: the female and the continuously fertile
hermaphrodite. Female trees produce round fruits and in commercial produc­
tion are always cut and ranoved, even though the fruits produced taste the
same as those from the rrore desirable hermaphrodite tree. Fruits produced
by the hermaphrodite tree are long and cylindrical, ovoid or pyriforn­
(pear-) shaped, and are preferred by growers and consumers. These trees
produce fruit year round; however, with seasonal changes a shift occurs in
the type of flowers produced and deeply furrowed, ptmpkin-shaped fruits or
distorted fruits result. These fruits, carpellodic in shape, are produced
from January to April. seasonal changes in fruit types are related to
temperature and excess water application.

AU'AU'A PRCDUC1'ION

Some die-off occurred in the two plots of alfalfa planted by hand
seeding because irrigation by an oscillating sprinkler may have caused
droplets to beat oown the germinated seedlings. Any residual herbicide
from previous land use can be ruled out as a cause of die-off because
initial germination was good. Plots A-I and A-2 had resI;ective die-offs
of 36.4 and 16.2% of the seeded area.

QIestions on the necessity of nitrogen application to alfalfa crops
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have often been raised. Generally, applied nitrogen has reduced nitrogen

fixation in legumes (Bezdicek, Mulford, and Magee 1974) and, where plants

are heavily nodulated and producing nitrogen fixation, application of

nitrogen produces only minor gains in dry matter and protein production

(Lee and Smith 1972). lIl1ttall (1976) rep:>rted that under heavy irrigation

with low soil-IOOisture tension, alfalfa is succulent, with low protein

content, and that additional nitrogen application does not economically

increase the forage quality.

The first crop of alfalfa was harvested 71 days after seeding and

contained 10 to 20% flower bloans. Alfalfa generally does not flower

well under low elevation, Hawai' i conditions; thus, the crop maturity

cannot be judged by the aroount of bloan. Fifteen nmaturen alfalfa crops

were harvested between December 1982 and August 1984. Q1e immature crop

(2 wk growth period) was harvested in July 1983 when installation of a new

pipe line through the experimental plots was imninent. During the con­

struction of a new sewer line, one of the guinea grass plots (G-l) was

completely destroyed and a section of the alfalfa plot <A-2) was dug up

leaving 39% of the original area planted.

The average wet-weight yield of the fifteen mature cuttings of alfalfa

was 8.5 tons/acre (1.90 kg/rn2 ), with a IOOisture content of 82.8% and a

crude protein content of 20.7% on a dry matter basis. Although the two

niImnaturen crops harvested in July produced a low yield of 4.31 tons/acre

(0.97 kg/rn2 ) with a high IOOisture content of 87.2%, the crude protein on a

dry-matter basis (DMB) was the highest (26.4%) of all the harvested crops.

In comparison, experimental trials for ten different alfalfa varieties at

low elevation on irrigated fields at Kekaha, Kaua'i produced green matter

yields ranging from 2.8 to 4.4 tons/acre/cutting (0.63-1.0 kg/rn2 ) or an

average of 3.7 tons/acre (0.83 kg/rn2 ) (Britten and Wallis 1964). Yields

of 45 to 50 tons/acre/yr (10.09-11.21 kg/rn2/yr) of fresh-cut forage from

ten cuttings in the year planted were reported by Goodell and Plucknett

(1972). The two experimental plots at Mililani averaged 90.4 tons/acre/yr

(20.26 kg/rn2/yr> under various irrigation regimes, ranging from 1.70 to

11.10 acre-in.lwk <174.68 to 1 140.53 rn3 /wk) of sewage effluent applica­

tion.

Dry matter (DM) yield for two harvests of alfalfa grown with rwnicipal

wastewater in Canada averaged 4.27 tons Wacre or 2.14 tons Wacre/
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harvest (Bole and Bell 1978). At Mililani 15.55 tons/acrelyr of dry matter
was produced for eleven harvests or 1.41 tons Wacre/harvest· (0.32 kg DW
m2/harvest). Variety effects may account for the difference in yield pr~
duction.

The yield of alfalfa for each plot and growth period for Mililani is
smmnarized in Table 1.

Since no actual sunlight data were taken at the Mililani site during
the course of the experiment, global radiation data taken in Honolulu was
extrapolated to Mililani. Correlations between the Honolulu station and
stations OS 260 and 541,. located in central 0' abu, were respectively 0.864
and 0.812 for r 2 (Ekern and Yoshihara 1977). Mililani is located between
the two stations OS 260 and 541, and the correlation from Honolulu to
Mililani would have a value of r 2 = 0.81 to 0.86.

water and Nutrient Budget Estimates

A water budget for the alfalfa crops was determined by estimating
evapotranspiration, using available global radiation data recorded for
Manoa. Using the net radiation equal to tw~thirds of the global radiation
and the energy equivalent for the evaporation of one inch of water as equal
to 1500 cal/crn2 of net radiation, the evapotranspiration rates could be
approximated (Ekern 1965; Larcher 1980). The amount of water percolated
would be equal to the difference of the applied effluent and the estimated
evapotranspiration.

Water quality analyses of the applied sewage and percolate for total
Kjeldahl nitrogen, nitrate nitrogen (K1;-N), and orthophosphate Ibosphorus
(Table 2), together with the water budget and forage analyses provided a
nitrogen and phosphorus balance (Table 3). The average nitrogen balance
for the A-I and A-2 alfalfa test plots was -541 lb/acre/yr (-0.06 kg/m21
yr). This large deficit indicated that some form of nitrogen fixation was
taking place since the soil could not likely provide the large amount of
nitrogen required. Of the total amount of sewage applied to the alfalfa,
49% of the nitrogen was lost by percolation. Uptake of the net applied
nitrogen is shown in Figure 3.

The total nitrogen in the harvested alfalfa crop ranged from 22 to
159 lb/acre/roo (2.46 x 10-3 to 1.78 X 10-2 kg/m 2 /roo) with an average of
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TABLE 1. ALFALFA GRG1IH PERIOO AND YIELD FRG1 EXPERIMENl'AL PLaI'S

Harvest Growth Sewage Fresh Dry Plot

Date
Period Applied Weight Weight Area
(days) (acr~in.lwk) -(lb/acrelday)- (ft 2 )

29 March 1983 71* 5.18 218 44 275
71t 3.95 244 43 493

03 May 1983 35 5.41 663 114 275
35 4.40 597 125 493

27 May 1983 24 5.87 838 125 275
24 4.30 731 III 493

17 June 1983 21 4.62 1003 148 275
21 3.90 791 114 493

01 July 1983 14 5.57 667 86 275
14 3.52 564 71 493

09 August 1983 39 2.96 349 74 275

05 August 1983 35 1.70 117 26 299

08 September 1983 30 4.09 567 101 275

34 3.32 524 86 299

20 Q:tober 1983 42 4.85 503 90 275

42 4.72 676 III 299

22 November 1983 33 3.26 439 72 275
33 3.41 501 76 299

29 December 1983 37 flooded 349 69 275
37 flooded 384 57 299

01 February 1984 34 3.20 508 66 275
34 2.86 450 61 299

14 March 1984 42 4.08 357 73 275
42 4.26 386 78 299

11 April 1984 28 9.50 506 104 275
28 11.10 445 84 299

16 May 1984 35 9.04 450 103 275
35 10.21 464 101 299

20 June 1984 35 7.59 527 107 275

35 8.72 496 97 209

20 July 1984 30 8.10 265 59 214

30 10.65 275 63 79

Mean 34.4 495 84.9

*A-1 plot.
tA-2 plot.
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TABLE 2. PERCOLATE AND SEWAGE QUALITY

1983 sample PO,. TKN NO;"-N 'IN NO;'-N----------------(rng/t)- % of 'IN

07 June Sewage 4.37 20.6 6.6 27.2 24.3
A-I 0.12 0.3 18.0 18.3 98.3
A-2 0.15 1.1 19.4 20.5 94.6
G-1 0.08 0.8 12.2 13.0 93.8
G-2 0.12 0.6 7.5 8.1 92.6

21 June Sewage 5.72 10.6 5.3 15.9 37.1
A-I 0.09 0.3 16.5 16.8 98.2
A-2 0.05 0.9 15.8 16.7 94.6
G-1 0.12 0.8 2.8 3.6 77.8
G-2 0.10 0.7 1.2 1.9 63.2

05 July Sewage 5.02 12.6 3.9 16.5 23.6
A-I 0.17 0.8 13.2 14.0 94.3
A-2 0.06 1.5 12.7 14.2 89.4
G-1 0.13 1.1 1.2 2.3 52.2
G-2 0.12 0.9 1.4 2.3 60.9

09 August Sewage 4.84 18.1 2.6 20.7 12.6
A-I 0.04 0.6 7.2 7.8 92.3
G-2 0.08 0.8 1.1 1.9 57.9

04 Q::tober Sewage 4.30 16.4 4.0 20.4 19.6
A-I 0.03 0.4 5.8 6.2 93.5
G-2 0.03 0.3 1.5 1.8 83.3

Mean Sewage 4.85 15.7 4.5 20.1 22.4
A-I 0.09 0.5 12.1 12.6 96.0
A-2 0.09 1.2 16.0 17.2 89.3
G-1 0.11 0.9 5.4 6.3 76.6
G-2 0.09 0.7 2.5 3.2 59.8
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Figure 3. Harvested nitrogen as functionof net applied N for alfalfa

92 lb/acre/IOO (1.03 x 10- 2 kg/m2/IOO). Low nitrogen uptake « 0.01 kg/m2 /IOO) occurred during the winter IOOnths when the day length was less than12.0 hr and also when the plants received minimum irrigation and werestressed (2.3 in.lwk [58.42 rmn/wkl in August). The tabulated values ofnitrogen uptake for each harvested crop are shown in Table 4. Variationsof nitrogen uptake with hours of day length are shown in Figure 4. Thelinear regression curve takes the form,

N = -0.0177 + 0.00236T

r 2 = 0.76,

where N is nitrogen uptake (kg/m2/IOO), T is day length (hr), and r 2 is the
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TABLE 4. CALaJLATED NITROOEN UPl'AKE FRa-1 TISSUE ANALYSIS CF ALFALFA

HARVESr
NITROOEN UPI'AKE ~Y GLCBAL

A-I A-2 LF.N;'lH RADIATION
NO. (kg/m2/roo x 10-2 ) (hr) (cal/cm2 )

2 1.20 1.15 12.51 589.5

3 1.40 1.35 13.00 518.7

4 1.78 1.37 13.24 573.1

5 1.26 1.08 13.30 563.5

6 0.74 0.25 13.13 541.7

7 1.17 1.04 12.60 551.8

8 0.96 1.20 11.87 492.6

9 0.90 0.91 11.17 373.6

10 0.73 0.64 10.77 326.4

11 0.92 0.79 10.85 341.8

12 0.79 0.86 11.45 451.2

13 1.18 1.12 12.15 496.6

14 1.05 1.12 12.74 538.4

NJl'E: Mean value of N uptake = 92 lb/acre/roo (1.03- 2 kg/m2/roo) •

•

Nu = -0.0177 + 0.00236T
r 2 = 0.76
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Figure 4. Uptake of nitrogen in alfalfa as
function of day-length hours
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17

coefficient of determination.
A correSIX>nding plot of nitrogen uptake vs. global radiation is shown

in Figure 5. An increase of 100 cal/cm2 global radiation resulted in
17.25 kg/halIoo nitrogen uptake.

Most of the applied phosphorus is either taken up by the alfalfa or by
adsorption by the soil particles, and very little is percolated into the
groundwater. An average of 98% of the applied phosphorus was removed by
the soil and the crop.

Alfalfa is a heavy user of potassium. The mean concentration of K
found in the tissues of the two plots was 3.1% dry matter basis (OMB) which
meant 10.5 lb (4.8 kg) of K would be removed per ton of harvested wet
forage. The amount of K uptake by the plants is shown in Figure 6 for an
ll~-IOO period. The uptake increases in succeeding harvests after the
addition of KCl and then decreases to an equilibrium level.

The depletion of available iron by alfalfa is a logaritlunic function
as shown in the plot of iron in the plant tissue as a function of time
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Figure 7. Tissue uptake of iron in alfalfa
as function of time

(Fig. 7). The regression curve equation is Fe = 933.9 - 95.69 loge D

with a coefficient of determination, r 2 , equal to 0.75 (Fe = ppn iron; D =

days) • Most of the iron in the soil exists in the ferric state and is
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unavailable for plant usage. The availability of iron is closely asso­
ciated with soil manganese. Wahiawa soils have about 25% total Fe but
iron deficiency in pineapple occurred because of the high Mn content of 3%.
The manganese is being reduced at the expense of iron oxidation: Fe++ +
Mn+++ + Fe+++ + Mn++ (Johnson 1924). Studies by Asghar and Kanehiro (1981)
indicated that the addition of fertilizer F'e in high-Mn soils provided no
benefit to Fe deficiency in pineapples and may, in fact, aggravate the
balance by bringing more Mn into solution. Iron deficiency in alfalfa can
be ameliorated by supplying Fe as a foliar spray, such as the present
industry practice for pineapples.

Figure 8 shows the amounts of manganese found in the plant tissue of
harvested alfalfa over an ll~-rno period. Essentially, no decreasing trend
occurs, indicating sufficient manganese was available for crop utilization.

One of the main concerns with continuous irrigation with wastewater
effluent is the accumulation of non-protein nitrogen as nitrates, in the
plant tissue. Toxic syrrptoms may result in animals fed nitrate at levels
greater than or equal to 0.44% dry weight (Prewitt, 1975). Tissue analysis
of the alfalfa crops showed nitrate nitrogen levels ranging from 0.074 to
0.197%, which is below the tolerable limit. Nitrate levels for the first
seven harvests are shown in Table 5.

The amount of dry matter produced is dependent on the length of t.ime
allowed for growth. Immature crops of alfalfa may cont.ain a very high
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TABLE 5. NITRATE NITR(X;EN OONTENT OF ALFALFA

ON DRY w"EIGHI' BASIS

Harvest Plot %

No. No. 003-N

1 ...•••.•••.•.•

2 ••••••••••••••

3 .•••••••••••••

4 ••••••••••••••

5 ••••••••••••••

6 ••••••••••••••..............
7 ••••••••••••••

A-I
A-2

A-I
A-2

A-I
A-2

A-I
A-2

A-I
A-2

A-I
A-2

A-I
A-2

0.0759
0.0741

0.1010
0.1970

0.1680
0.1050

0.1750
0.1320

0.1690
0.1480

0.1160
0.0927

0.1110
0.1180

Wl'E: A-I mean value = 0.1273%,
A-2 mean value = 0.1170%.

percentage of protein, but the total dry matter produced is relatively low,

whereas an over-mature crop may produce large quantities of dry matter but

very stemmy plants low in protein.

The average harvesting period cited in the literature is 33 days and

may be as low as 28 days dur ing the surmner rronths and as long as 40 days in

the winter (Goodell and Plucknett 1972). For the experimental plots in

this study, the harvesting periods ranged from 14 to 42 days. For equal

irrigation rates, the relationship between growth interval and dry matter

yield is shown in Figure 9. Regression analysis showed that the line of

best fit is exponential with an equation of rn = -2.88 + 1.34 In GP, where

GP is the growth period in days and Df..1 is the dry matter yield in tons/

acre. The coefficient of determination, r 2 , is 0.95.

As the amount of dry matter increases, the protein content of the

plant decreases. The plant becomes woody with an increase of cellulose and

lignin. The relationship between percent dry matter (DM) and percent crude

protein (CP) is shown in Figure 10. The reSUlting equation of the curve
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CP = 344.6 mr L03 with a coefficient of determination, r 2 , of 0.93.

Effect of Environmental Conditions on Crop Yield

DAY LEN;'lH. The alfalfa plots were grown during mean day lengths

ranging from 10.85 hr (29 Dec. 1983-1 Feb. 1984) to 13.24 hr (27 May­

17 June 1983). An increase of 2.24 hr/day in the day length from an

initial 11.0 hr caused an increase in weight production of 1.30 tons/acre

(0.29 kg/m2 ) or an increase of 16.35%. Similarly, the dry matter increased

18.5% in total production. Thus, an increase of 1.0 hr/day in the day

length would result in a wet-weight production increase of 0.59 ton/acre

(0.13 kg/m2 ). These curves are shown in Figure 11 along with the regres­

sion curve equations.

As the day length increased, the length of the growing period and the

amount of sunlight available increased. The amount of dry matter produced
. ,

is dependent on the total calories of radiation available for leaf photcr

synthesis. Figure 12 shows the relationship between dry matter yield and

global radiation.

IRRIGATlOO RATES. The effects of irrigation have been studied for the
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growth and quality of alfalfa (Vough and Marten 1971; Wahab and Chamblee
1972; Donovan and Meek 1983; Meek, Donovan, and Graham 1980; Carter and
Sheaffer 1983). Alfalfa grown at high soil-rroisture stress yielded less
dry matter than that grown at low soil-rroisture stress. A higher percen­
tage of leaves and lower percentages of acid detergent fiber and lignin
often occurred, but the percentage of crude protein was inconsistent with
high soil-rroisture stress (Vough and Marten 1971). Wahab and Chamblee
(1972) found that supplemental irrigation on alfalfa in addition to natural
rainfall produced superior growth for the first year arid that the benefits
ceased when excessive soil rroisture contributed to the loss of stands be­
cause of disease infestation.

Donovan and Meek (1983) concluded that water management is critical
for naximum alfalfa production and that under-irrigation resulted in a loss
of stand. A good approximation of an optimum irrigation treatment was 75%
of the pan evaporation, which is equal to the alfalfa evapotranspiration.
Flooding of the stand which results in soil oxygen levels of 6% or less for
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periods greater than 24 hr resulted in losses of alfalfa stands (Meek,

Donovan, and Graham 1980) •

Flooding of the alfalfa stands occurred during the 19 December 1983

to 3 January 1984 period when over 100,000 gal (378.5 m3 ) of effluent were

accidentally applied because of a faulty solenoid valve. The alfalfa stand

was reduced 23% (wet weight harvested). The effects of under-irrigation

were more pronounced than over-irrigation. During the summer months when

water is essential for growth, a decrease of 48% in irrigation resulted in

a production loss of 62% in the wet weight yield and 32% decrease in the

crude protein content of the forage (l July 1983 and 9 August 1983 har­

vest) •

Percolate Water Quality fran Alfalfa Plots

One of the primary objectives of sewage irrigation is to reclaim the

water through groundwater recharge after the nutrients are stripped from

the excess irrigation flow by the ground-cover crop. Because alfalfa roots

have nodules containing nitrogen-fixing bacteria, not all of the harvested

nitrogen in the plant material came fran the sewage. Nitrate analyses of

eight percolate samples taken in June, July, August, and OCtober 1983

showed that the concentration of nitrate nitrogen for the 4-mo period de­

creased after each harvest. Values of ~-N ranged from 5.8 to 19.4 IIB/Q"

averaging 13.6 IIB/ Q, (Table 2). A plot of ~-N concentration versus time

showed the nitrates reached acceptable limits (10 rrg/Q, as NO';-N) after the

fifth harvest or 188 days after seeding (Fig. 13). .The curve takes an

exponential form,

N = 20.37 e-o•o 1 T

r 2 = 0.99

where N is nitrate nitrogen in mg/Q, and T is time in days after seeding.

A plot of the NO';-N concentration of the effluent is shown in

Figure 13. The mean concentration of ~-N in the effluent is 4.5 rrg/Q,.

It should be noted that even after seven harvested crops, the percolate

NO';-N concentration did not fall below that of the sewage irrigation water.

Extrap:>lation of the two curves indicated that the NO;'-N of the alfalfa­

plot percolate would be equal to or less than that of the irrigation water

after the eighth harvest. Of the total nitrogen percolated into the
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Figure 13. Nitrate nitrogen in percolate from
alfalfa plots and in the applied sewage

ground, an average of 94.4% is in the form of nitrates.

Total nitrogen of the percolate showed signs of reaching an equilib­

rium value approximately 4 to 6 rrg/ Q, after seven harvests.

Phosphorus was taken up by plants and fixed in lIDavailable form on

soil particles so that 98.2% of the applied P was removed. The average

P concentration in the percolate was 0.09 rrg/Q,. The soil removal of P,

however, will continue only until the P-fixing capacity is exceeded.

Forage Value of Alfalfa Grown in Mililani

A comparison of the nutrient composition of alfalfa grown at Mililani

and average mainland values is shown in Table 6. Also shown is a partial

analysis of alfalfa irrigated with municipal wastewater in Taber, Alberta,

canada. On a green-chop (fresh) basis, an animal in Hawai' i \\QuId have to

consume 33% more forage to obtain enough dry matter and crude protein as

compared to irrigated mainland alfalfa. The forage at Mililani contained

33% more water than average mainland material, while the nutrients and

minerals are comparable on a dry matter basis (DMB).

Proximate analysis is based on the separation of feed components

according to their feed values. Usually the components are water, crude

protein (CP), crude fat or ether extract (EE), crude fiber (CP), nitrogen­

free extract (NFE), and mineral rratter or ash. Nitrogen-free extract in-
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TABLE 6.

Location

ea-1PARISOO CF NUTRIENT CDMPOSITION CF ALFALFA GRCWN AT MILILANI

EXPERIMENrAL PLOl'S WITH AVERAGE MAINLAND AND CANADIAN VALUES

% % P K Ca Mg Na Mn Fe Cu Zn

DM CP ------------(%)------------- -------(rng/~)-------

Mililani 17.3 20.7 0.30 2.99 1.42 0.22 0.18 70.8 461 9.6 47.7

Mainland* 25.9 21.9 0.30 2.10 1.68 0.30 0.16 50.1 310 9.5

Canadat 19.4 0.31 0.33 37.0 226 7.4 32.0

OOI'E: All values given on dry matter basis except DM (as sarrpled basis) •

NOI'E: CP = crude protein.
*Average values obtained from National Research Council (1969) of National

Academy of Sciences.
tAlberta.

eludes most sugars, starches and soluble lignins, and hemicellulose. NFE

is usually determined by difference, as

%NFE = [100 - (%H20 + %CP + %EE + %CF + % ash)].

The crude fiber determination was revised by another procedure devel­

oped by Van Soest and Moore (1966). This involves the separation of the

feed into two fractions: one of low digestibility (neutral detergent

fiber, NOF); the other of high digestibility (neutral detergent solubles,

NOS) • Neutral detergent fiber consists primarily of cellulose, lignin,

silica, hemicellulose, and some proteins. Because all of the lignin and

hemicellulose are included in the fiber analysis, the value for NOF is

higher than the conventional crude fiber analysis.

Since all the proximate analyses for all conventional feedstuff pub­

lished in 1969 by the National Research Council (NRC) used the conventional

crude fiber determination, the calculated nitrogen-free extract does not

corresIXlnd with newer analyses using NOF. A !IDre reasonable value for

crude fiber in the NFE calculation would be from the acid detergent fiber

procedure used to determine acid insoluble lignin. This value of crude

fiber called ADF (acid detergent fiber), obtained by boiling the sarrple in

sulfuric acid and detergent, is similar to the conventional crude fiber

value ootained by boiling in sulfuric acid and sodium hydroxide base. A

comparison of proximate analyses for alfalfa grown on the mainland and at

l>1ililani is shown in Table 7.

True digestibility ('I'D) of the forage is determined by the equation,

TO = 0.98 NOS + (1.473 - 0.789 loglo lignin) NOF, where TO is true digesti-
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TABLE 7. COMPARISOO <F PROXIMTE ANALYSES FOR NILILANI
AND MA.INLAND AVERAGES <F ALFALFA

ALFALFA LFAF AND STEM (%)
FRESH BASIS Mean Pr~ Full

Values* Bloomt Bloomt

Dry lIatter 17.8 21.1 25.3
Ash 9.8 9.6 8.4
Crude Fiber 28.8 26.0 31.7
Ether Extract 2.9 2.2 3.0
Nitrogen-Free Extract 37.2f 41.7 40.0
Protein 21.3 20.5 16.9

*Mililani alfalfa.
tMainland alfalfa.
fCalculated using acid detergent fiber value for crude
fiber.

bility, NOS are neutral detergent solubles, andNDF are neutral detergent
fibers (Cullison 1982). The mean 'ill for Mililani alfalfa was 88.85%,
ranging from 86.05 to 92.3%.

GUINEA GRASS PRCDUcrION

Guinea grass was first harvested four oonths after transplanting the
slips, and subsequent harvests were made at 38-day intervals except for
three Ulttings at 59 days between February and June 1984. Nine crops
were harvested between January 1983 and June 1984 (Table 8). The average
wet-weight yield was 14.41 tons/acre (3.33 kg/m2

) or 655.5 lb/acre/day
<0.07 kg/m2/day), with an average moisture content of 82.14% and a
120 tons/acrel:yr crude protein content of 9.52% (DMB). Irrigation rates
varied from 1.20 to 3.78 acr~in./wk (123.35-388.55 m3/wk), averaging 2.75
acr~in./wk (282.67 m3/wk).

After the 20 September 1983 harvest, seed heads began to appear on the
guinea grass and after a 38 day growth period, the plants all had seed
heads. Also noticeable was the chlorotic appearance of the plants in the
center of the plot in comparison to the lush green growth at the edge of
the plot. This condition continued on through the 31 May 1984 harvest.
Analyses of the soil and foliage yielded no causative deficiency in
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TABLE 8. GUINEA GRASS GRcwrH PERIOD AND YIELD

FROO EXPERIMENTAL PLars

Harvest Growth
. Sewage Fresh Dry

Date Period
Applied Weight Weight

(acre-in.lwk) --(lb/acre/day)--

27/05/83 38 3.26 784 115

38 2.95 736 123

05/07/83 39 3.06 1019 142

39 2.48 1268 187

12108/83 38 1.50 686 113

20/09/83 39 2.80 868 152

28/10/83 38 3.12 591 114

06/12/83 39 2.76 387 71

03/02/84 59 flooded 536 93

02/04/84 59 2.57 469 93

31/05/84 59 3.78 399 86

Mean 44 2.83 655 117

nutrients or minerals.

Nltrient and Mineral Uptake of Guinea Grass

A similar nutr ient balance for nitrogen and phosphorus was made for

one guinea grass crop as was done for alfalfa. The tabulated results are

shown in Table 9.

Studies of Porvic percolate and influent sewage quality showed nitro­

gen removal by the soil and plant system ranging from 52 to 91% with a

mean value of 77%. Ortho-P removal averaged 97.9% of the sewage applied

amount (Table 2) •

A plot of the amount of nitrogen harvested versus the applied sewage

quantity showed no perceptible relationship. Since guinea grass requires

low quantities of water to maintain growth and is drought resistant, the

data obtained at the irrigation rates selected are at maximum production

levels and the irrigation rates are excessive. A comparison of dry matter

produced as a function of net applied nitrogen for irrigated guinea grass

and California grass is shown in Figure 14. California grass is able to

utilize nitrogen linearly up to 2700 lb/acre/yr <0.30 kg/m2/yr). High
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application of sewage and corresponding nitrogen was not achieved at

Mililani because of the chlorotic synptans arising in the center of the

guinea grass plot.

Qlinea grass also takes up potassium in fairly large quantities

similar to alfalfa. The mean concentration in the harvested plant tissue

was 2.36% (DMB) which meant for each ton of wet forage harvested, 7.93 lb

(3.6 kg) of K would be ranoved-a contrast to the 10.5 lb (4.8 kg) K re­

roved per ton of alfalfa. The uptake of K for nine consecutive harvests of

guinea grass is shown in Figure 15. The regression curve is exponential

with the equation of the line as ~rcent in tissue = 2.87 e-o•o02 12T with a

correlation coefficient of 0.95 (T = time in days).
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Iron uptake by guinea grass is a logarithmic function similar to
alfalfa (Fig. 16). The regression curve is Fe = 1145 - 181.5 logeo with a
coefficient of determination, r 2

, of 0.97 (Fe = ppm iron, D = days). With
an average concentration of Fe = 0.0249% (DMB) in the plant tissue, 1 ton
(907.2 kg) of harvested guinea grass will ranove 0.08 lb <0.04 kg) of Fe
from the soil.

Uptake of manganese by guinea grass is dissimilar to alfalfa. Whereas
alfalfa showed no decreasing concentration trend of Mn with time, guinea
grass showed a linear decrease in manganese in the plant tissue with each
consecutive harvest. This indicated that the amount of manganese available
for plant tissue uptake was decreasing and may have been a limiting factor.
The decrease of Mn in the plant tissue versus harvest intervals is shown in
Figure 17 with a linear regression curve of ~m = 131.57 - 0.22 D and a co­
efficient of determination, r 2 , of 0.85 (Mn = ppm manganese, D = days) •

The uptake of nitrate by guinea grass was similar in magnitude to
alfalfa with values ranging from 0.031 to 0.214% which are below the toler-
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Figure 16. Variation of iron in plant
tissue with time for guinea
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able limit of ~O .44%. Nitrate levels in the plant tissue for the first six

harvests are presented in Table 10. The calculated nitrogen uptake for

each guinea grass crop, using the tissue analyses data, is listed in

Table 11. The mean uptake for eight harvested crops is 57.2 lb/acre/100

(64.1 kg/hallOO). In oo~rison, sugarcane assimilated 19.6 lb/acre/100

(22 kg/hallOO) as reported by Lau et al. (1975).

Effect of Environmental Corxlitions am Crop Yield

Dtl\Y LEm'IH. Qlinea grass was grown during mean day lengths ranging

from 10.81 hr (6 Dec. 1983-3 Feb. 1984) to 14.27 hr (27 May-5 JUly 1983) •

A plot of wet-weight yield in tons per acre versus mean day length in

hours under similar irrigation rates showed that each hour increase in day

length resulted in an increased yield of 6.5 tons (5 896.8 kg) of forage
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TABLE 10.

Harvest
No.

NITRATE NITR(X;EN CDNCENTRATION IN
GUINEA GRASS CN DRY WEIGH!' BASIS

Plot %
No. ro;-N

1 ·.............. G-1 ·............ 0.214·.............. G-2 ·............ 0.102

2 ·.............. G-1 ·............ 0.193·.............. G-2 ·............ 0.038

3 ·.............. G-1 ·............ 0.063·.............. G-2 ·............ 0.031

4 ·.............. G-2 ·............ 0.197

5 ·.............. G-2 ·............ 0.043

6 ·.............. G-2 ·............ 0.052

Wl'E: Mean value = 0.104% ,
Median value = 0.063% •

i~"
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TABLE 11. CALaJLATED NITRCX;EN UPl'AKE FR<lv1
TISSUE ANALYSIS OF GUINEA GRASS

HARVEST
ID.

NITRCXiEN UPI'AKE
G-l G-2

--(kg/hallOO)---

· .

· .
· .

· .
65.9

70.8

68.4

77.8

55.6

44.9

57.8

53.4

•••• e.•••••••

. .83.2

63.2
2 ••••••••••••••

3

4

5

6

7

8

9

WI'E: Mean value = 64.1 kg/hallOO
(57.2 lb/acrellOO).

(Fig. 18). This is in oontrast to alfalfa which yielded only a 0.59 toni

acre (0.13 kg/m2 ) increase for each hour of day length. The variation of

yield with total global radiation is shown in Figure 19. GJinea grass is a

C, plant since it has the low CO 2 compensation p:>int typical of C, plants

(Krenzer and Moss 1969, Table 3). SUgarcane and some tropical grasses

which use the C,-dicarboxylic acid pathway for CO 2 fixation can t:hotcr

synthesize at rates significantly greater than temperate latitude grasses

which use the oonventional C3 (Calvin) cycle found in algae and many other

plants (lUll 1969; Kortschak, Hartt, and Burr 1965; Hatch and Slack 1966;

Burr et ale 1957; El-Sharkawy and Hesketh 1964; Hesketh and Moss 1963;

Murata, Tayarna, and Hanrna 1965). several anatanical features of the leaf

as well as the physiological lack of photorespiration in C, plants have

been linked to their greatert:hotosynthetic capacity (Pull 1969; Rechel and

Walsh 1985). This heightened ability for carbon dioxide utilization also

gives the C, plants a greater nitrogen-use efficiency <Brown 1985). The

efficient use of sunlight by C, plants makes them likely to resp:>nd to the

20% increase in sunlight from the longer summer days.

IRRIGM'IOO RATES. Unlike alfalfa, guinea grass growth rate and yield

is highly dependent on the day length and temperature. Wide variations in

the rate of sewage irrigation had minor effects on the yield and were over­

shadowed by the effects of day length and temperature. To determine the
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Figure 18. Productivity of guinea grass as
function of day-length under
similar irrigation rates

effects of irrigation rates, the guinea grass crop must be grown under
similar day length and temperature. A period of one year with nine har­
vests was insufficient time to produce any rnearlingful data for the consump­
tive use determination or rate effects.

Consumptive use of water by guinea grass has been reported by Vasquez
(1965) for Puerto Rico. The highest water use and yields were obtained
dur ing the spring and summer IOOnths. The total use for the year was
57.7 in. (1 465.6 rrm> of water. The sewage applied at Mililani totaled
> 150 in. (> 3 810 mnV and would represent an over-irrigation condition.

Phosphorus concentrations in the percolate were similar to the alfalfa
plots, averaging 0.10 rrg/,Q" thus indicating fixation by the soil.
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Figure 19. Productivity of guinea grass as
function of global radiation
under similar irrigation rates

PERCOLATE WATER SAMPLIN:;. A plot of nitrate nitrogen versus time

showed that just before the second harvest, the nitrate level in the per­

colate dropped below 2 mg/£ as N and remained fairly constant at that level

(Fig. 20).

For guinea grass, the concentration of nitrate nitrogen in the per­

colate was less than that of the incoming effluent after the first crop was

harvested. The average nitrate nitrogen ranged from 60 to 77% of the total

nitrogen percolated into the ground. The total nitrogen in the percolate

ranged from 9 to 10% of the total application.

Forage Value of Guinea Grass

A comparison of a partial proximate analysis of guinea grass grown at

Mililani and selected tropical countries is given in Table 12. The aver­

age percent dry matter grown at Mililani is lower than in other tropical

countries. This can be attributed to the over-irrigation of the crop and

the consequent decrease in productivity. The mean calculated true digesti­

bility of guinea grass was 89.02% and ranged from 83.49 to 95.77%.
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TABLE 12. <X>MPARISON CF GUINEA GRASS GRavN AT
MILILANI, 0' AHU, WITH Ol'HER TROPICAL
COUNI'RIES

UXATION
DRY

MATI'ER
(%)

% OF DRY MATI'ER
Crude Ether As

Protein Extract h

Mililani

Malaysia

Nigeria

Tanzania

16.8

23.0

25.7

28.0

9.5

11.7

7.8

8.8

1.8

1.3

1.4

1.5

10.6

13.0

12.2

12.9

Wl'E: Data for Malaysia, Nigeria, and Tanzania
from GOhl (1975).

PAPAYA PRCDUC1'ION

Difficulty in establishing a papaya stand was encountered at the
beginning of the project. Initially, no viable seedlings emerged when
seeds obtained from the University of Hawaii seed supply were planted
directly in the plot. Subsequently, of the 53 Waimanalo low-bearing papaya
seedlings purchased at a nursery on 9 June and transplanted on 13 and 14
June 1983, only 13 survived the transplanting phase.

After the surviving transplants were established, female plants were
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not culled and all were allowed to produce fruits because there were so few

plants left. In conunercial practice, female plants, which yield small

round fruits, are culled before fruits are produced. The desirable and

conunon shape sold on the market is the hermaphroditic pyriform or ovoid,

with the I¥riform predominating. The ratio of ovoid to round fruits varied

from 2.86:1 to 1:6. Under inposed growth conditions, irrigation rates, and

seasonal changes, the hermaphroditic plants changed tyPes and reverted from

a predominant pyriform or ovoid shape (Type IV) to a predominant round

shape (Type II) and distorted ovoid shapes (Type III). Type I or female

trees produce only round fruits and remain stable, unaffected by seasonal

and environmental changes. Studies by Awada and Ikeda (1957) showed that

under high irrigation where soil rroisture was maintained between 32.0 to

34.3%, the percentage of Type II and III fruits (carpellodic) were signifi­

cantly higher than in low irrigation plots (25.8% soil rroisture) suggesting

that there is a relationship between sex expression and moisture level of

the soil. A plot of the percent number of ovoid or Type IV fruits as a

function of time showed an increase during the rronths of April and August

(Fig. 21).

Irrigation Rates

The average irrigation rate to the p;lpayas was approximately 1.8 in.

C45.7 mn> /wk or 94 in. (2 387.6 mn> /yr. This would supply 0.41 lb of

nitrogen and 0.10 lb P per year per plant which is below the recommended

practice of adding 1 lb of 10-10-10 mixture per rronth per plant or 1.2 lb N

and 0.52 lb P per year. To meet the nitrogen requirements, the current

irrigation rate can be tripled, and to meet phosphorus requirements, in­

creased by five times.

Mature p;lpayas with a yellowish tinge at the apical end were harvested

weekly and weighed according to their shapes, and tabulated. A plot of the

weekly normalized harvested weights of ovoid and round papayas are shown

respectively in Figures 22 and 23. A trend curve was drawn through the

data points by taking a 5 wk moving average of the weekly ~ights.

Since the sampling period for mature fruits extended over only a 12-wk

period, no seasonal variations in fruit production were observed. A trend

line constructed with 5-wk moving averages for total fruit production is

shown in Figure 24.
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Fruit Size and weekly Production Rates

Weekly nean fruit sizes for ovoid papayas vary from 18.2 to 28.9 oz
CO.518-0.820 kg) and for rOlmd fruits from 12.4 to 20.8 oz (0.351­
0.589 kg). The average size of ovoid and rOlmd fruits harvested from
27 March to 3 JUly 1984 was respectively 23.5 and 14.9 oz (0.665 ane]'
o.422 k~). During this period, 373 fruits were harvested. The trend
variation in sizes for each type of fruit is shown in Figure 25.

Fruit Quality

This variety of papaya has a firm flesh that retains its hardness even
when the fruit is a mature yellow and does not become mushy when overripe.
The rOlmd female fruit contains little or no seeds and, when peeled, is
suitable in a fruit salad with a minimum arnolmt of preparation. The waste­
water irrigation appeared to have no adverse effect on fruit quality.
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A total of 15 cuttings of alfalfa was harvested during the period

fran December 1982 to August 1984. These cuttings were irrigated with

sewage effluent at rates ranging fran 1.70 to 11.10 acr~in./wk (174.74 to

1 140.1 rn3/wk) (nean = 5 .48 acr~in.lwk or 563.29 rn3/wk). Nine cuttings of

guinea grass were harvested between June 1983 and June 1984, under irriga­

tion rates ranging fran 1.50 to 3.78 acr~in.lwk (154.19-388.55 rn3/wk)

(mean = 2 .83 acr~in.lwk or 290.9 rn3/wk). Percolate studies showed that

alfalfa did not effectively strip nitrate nitrogen to meet the drinking

water limit of 10 ng/R, as oo;-N until the fifth harvest or 188 days fran

initial seeding. After the fifth harvest, the nitrate nitrogen level in

the percolate continued to decrease and approach the nitrate level of the

sewage irrigation water of 5 ng/R, ID;'-N. Q1inea grass, however, reduced

the nitrate nitrogen level of the percolate to less than 2 ng/R, as ID;'-N

just before the second harvest and continued to strip nitrogen, reaching a

fairly constant value below 2 ng/R,. Harvested guinea grass removed an

average of 64.1 kg/ha/m> of nitrogen which is three times the amount r~

moved by sugarcane (Lau et ale 1975). compared to california grass under

maximum nitrogen application, the percolate fran guinea grass is sirnilar­

9% of the applied nitrogen (Handley and Ekern 1981) •

The productivity of alfalfa irrigated with sewage effluent averaged

higher than that reported by other researchers in Hawai' i using fresh or

brackish water. Yields of 37 to 46 tons/acre/Yr (8.29-10.31 kg/rn2/yr) of

fresh-cut forage were reported by Britten and Wallis (1964) at Kekaha,

Kaua'i by using ten different varieties. Younge (1952) reported yields

of 27.5 to 38.6 tons/acre/yr (6.16-8.65 kg/rn2/yr) at the Poamoho Experiment

Station on O'ahu. Alfalfa grown on Moloka'i irrigated with 2 acr~in./wk

(205.58 rn3/wk) of 96 grain <1642 ng/R, total salts) saline water produced .

average yields of 58.5 tons/acre/yr <13.11 kg/rn2/yr).

In comparison, alfalfa grown at Mililani produced yields averaging

81.0 to 88.7 tons/acre/Yr (18.16-19.88 kg/rn2/yr). Part of this apparent

high production rate can be attributed to the small plot size and harvest­

ing technique used. All alfalfa plots were hand cut and weighed instead of

machine IOOWed1 therefore, no field losses occurred fran incomplete cutting

and raking.
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GJinea grass grown at Mililani produced wet weight yields averaging

120 tons/acre/yr (26.9 kg/m2/yr) which is less than the Moloka' i experi­
ments with brackish water and yields of 182 tons/acre/yr (40.8 kg/m2/yr).
Extrapolated values of yields in Puerto Rico grown with identical amounts
of nitrogen fertilization and frequent irrigation averaged 17.6 tons dry
matter/acre/yr (3.95 kg DMlm2/yr) (Vazquez 1965). However, guinea grass
yields at Mililani were 21.0 tons dry matter/acre/yr (4.71 kg DMlm2/yr).

Alfalfa crops at Mililani averaged 21.3% protein as compared to aver­
aged mainland irrigated crops with 20.5%. AJ:plication of nunicipal sewage
wastewater in Taber i Alberta, Canada on alfalfa yielded forage with a prcr
tein content of 21.2% for the first harvest and 17.7% for the second
harvest. Although the production of crude protein on a per acre basis
for alfalfa and guinea grass is similar for each harvest, 0.28 tons/acre/
harvest and 0.23 tons/acre/harvest (0.06 and 0.05 kg/m2/harvest), respec­
tively, the production on a yearly basis is greater for alfalfa because of
the increased number of cuttings. To obtain an equiValent amount of prcr
tein in alfalfa, an animal would have to conswne 2.5 times as much guinea
grass on a wet weight basis as alfalfa, because of its lower dry matter and
crude protein content. The yearly rate of crude protein production is re­
spectively 2.49 tons/acre (0.56 kg/m2 ) and 1.96 tons/acre <0.44 kg/m2 ) for
alfalfa and guinea grass.

One of the concerns in fertilizing forages with nitrogen is the accu­
nulation of nitrate to a toxic level of 0.44% or higher dry weight basis.
The nitrate nitrogen concentrations in the forage ranged from 0.074 to
0.197% and 0.031 to 0.214% for alfalfa and guinea grass, respectively.

several problems arose during the forage production eXPeriment. weed
infestation occurred in the alfalfa plots especially irmnediately after
harvesting when the alfalfa was cut low allowing weed seeds to germinate.
Infestation became rore pronounced after the alfalfa was drought stressed
during the construction of the new sewer line. (The weeds gradually took
over and replaced the standing crop and after 19z ro as much as 60% of one
plot was weed infested). However, with proper management using selective
herbicides, the weeds could be controlled or minimized. In contrast,
guinea grass tended to crowd out any germinating weeds because of its
fast-growing nature after harvesting. The height of the grass was effec­
tive in restricting the sunlight available for the low-growing weeds.
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Guinea grass grew well for seven cuttings but then developed a slightly

chlorotic appearance with noticeably reduced growth in the center of the

plot in comparison to the lush green growth at the plot edges and on the

berms. Analyses of the soil and harvested plant tissue offered no causa­

tive nutrient deficiencies.

Establishing a viable crop of papaya was a problem. Of the 53 seed­

lings transplanted into bore holes, only 13 or 25% survived. Danping off

of the seedlings was a major problem at the papaya site and fresh seeds

placed in the soil did not genninate with any success. Since only a small

nmnber of plants became established, none of the female plants were culled

and were allowed to produce fruits to test the effects of sewage irriga­

tion. The fruits were harvested weekly, enwnerated and weighed. No trend

in seasonal changes in sex expression could be established to correspond to

the published literature citation that the production of carpellodic fruits

occurred for the IOOnths January to April. The number of pyriform-type

fruit increased during the IOOnths of April and August and carpellodic

fruits occurred even during the StmIIller m::>nths ·of May to August.

Percolate samples from the papaya were not collected because of the

low irrigation rates and misplacement of the Porvic sampling tubes and a

nutrient balance could not be made. Even though the plants were under con­

stant irrigation, there was sufficient drainage and root rot did not become

a problem. Papaya m::>saic infected one tree which was ranoved.

Using the total weight of p:ipayas harvested over a l5-wk period and

projecting the yield for a year, the estimated yield at Mililani is

122,000 lb/acre/yr (13.66 kg/m2/yr). Of this probably 30% (36,000 lb

[16 329 kg]) is marketable. The estimated potential yield from commercial

growers in Kapoho, Hawai' i is 38,000 lb/acre (4.26 kg/m2 ) for the first

year of production (Yee et ale 1970).
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