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Abstract Effects of N level (15 to 30 m), time of N increase (14 to 28 days after planting), and planting density (1163 to
2093 plants/n?) were determined for crop yield responses of dwarf, rapid-cycling brassic&8(assica napud.., CrGC 5-

2, Genome: ACaacq. Crops were grown in solid-matrix hydroponic systems and under controlled-environment
conditions, including nonsupplemented (ambient) or elevated C@oncentrations (998 12umol-mof). The highest seed
yield rate obtained (4.4 g-n¥-day™) occurred with the lowest N level (15 m) applied at the latest treatment time (day 28).
Inall trials, CO , enrichment reduced seed yield rate and harvest index by delaying the onset of flowering and senescence
and stimulating vegetative shoot growth. The highest shoot biomass accumulation rate (55.5 8-ty ™) occurred with

the highest N level (30 m) applied at the earliest time (day 14). Seed oil content was not significantly affected by £O
enrichment. Maximum seed oil content (30% to 34%, dry weight basis) was obtained using the lowest N level (2b) m
initiated at the latest treatment time (day 28). In general, an increase in seed oil content was accompanied by a decrease
in seed protein. Seed carbohydrate, moisture, and ash contents did not vary significantly in response to experimental
treatments. Effects of N level and time of N increase were consistently significant for most crop responses. Planting density
was significant only under elevated CQconditions.

The U.S. National Aeronautics and Space Administratigruts and growing volume requirements. To realize the genetic
(NASA)isengaged in an effort to perfect its concept of a controligeld potential oBrassica napuscrop growth and yield must be
ecological life-support systems (CELSS). These systems, whistaluated under optimizing environmental conditions with mini-
will exist as finely tuned combinations of physico-chemicatum stress. Determining optimum conditions can be a complex
mechanical, and biological components, will play an essential rtdsk since environmental variables interact with plant growth in a
in the future of human space habitation. A CELSS will be designeatiety of ways (Milthorpe and Moorby, 1979).
torecycle G provide potable water, and produce fresh food during The objective of this study was to test the effects of varying N
long-term space missions during which resupply is either impréevel, time of N increase, and planting density on crop yield
tical or impossible (Hoff et al., 1983). responses of dwarf, rapid-cycliidrassica napusSpecifically,

The vegetarian diet proposed for a CELSS will derive mostwé examined seed yield rate, seed oil content, shoot biomass
its calories from complex carbohydrates. However, vegetablemibduction rate, and shoot caloric harvest index (CHI) as our
also will be necessary to provide essential fatty acids, cooking piimary crop responses. The experiments were conducted under
caloric supplementation, and satiety in the diet. NASA currentipnsupplemented (ambient) and elevatedco@ditions. Statisti-
recommends that at least 20% of the total dietary energy inah models were then developed for each crop response, and
CELSS be derived from high-quality oil that lacks cholestermdlative significance and potential interactions among the experi-

(Wade, 1989). mental variables were determined.
Brassica napuss being considered as an oilseed crop for use in
a CELSS. This species has food-quality and cultural characteris- Materials and Methods

tics that make it a promising CELSS candidate. The dwarf variety
tested in this study cycles quickly under controlled-environment Experimental procedureBrassica napuseeds (Wisconsin
conditions, going from seed to seed in 55 days or less. In additieast Plants, Madison, Wis.) were germinated in quarter-strength
the seeds contain a high-quality oil that is low in saturated fatsloagland’s no. 1 nutrient solution (Hoagland and Arnon, 1950),
Important evaluation criteria for CELSS candidate specipbl 5.6, in petri dishes sealed with Parafilm. After 24 h, seeds were
include increasing edible harvest while minimizing resource iselected for radicle emergence and planted in solid matrix, capil-
- lary-wicking hydroponic systems (Leisure Garden 1250; Pathway
Received for publication 3 Jan. 1994. Accepted for publication 14 June 1984stems, Winston-Salem, N.C.).
Journal paper no. 14055 of the Purdue Univ. Agricultural Experiment Station. The growth medium, which had been rinsed with deionized water
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edge MaryAnn Rounds and Deb Smart, Dept. of Food Science, Purdue Univ??lrei)lfor.e plantlng, was a mixture of 2 V?rmlcu"te 1 perllte (V/V)'
performing the seed composition analysis and Paul Williams, Dept. of Pl anting de.nsny was one of .three levels: 1163, 1628, or 2093 p_Iants/
Pathology, Univ. of Wisconsin, for providing the rapid-cycling brassica gerfi?>. Immediately after planting, each system was covered with a
plasm. The cost of publishing this paper was defrayed in part by the payment of gaggle layer of plastic wrap, and reservoirs were filled 80 ml of
charges. Under postal regulations, this paper therefore must be hereby magks Ie-strength (1X) Hoagland’s nutrient solution (pH 5:55)5)
advertisemensolely to indicate this fact. taini 2 rather th 15wN in the standard 1x f |
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Professor, Dept. of Horticulture; to whom reprint requests should be addressedgrowth chamber (MK-11-77; Environmental Growth Cham-

J. AvER. Soc. HorT. Sci. 119(6):1137-1143. 1994. 1137



bers, Chagrin Falls, Ohio). Conditions were maintained at2@00; Horiba Instruments, Irvine, Calif.), which provided a feed-
relative humidity of 75% 5%, and a diurnal temperature cycle dback data signal to the flow controller. Chamber, @@s set at
25and 20C for 20 and 4 h, respectively. Photosynthetic photon fl®00 umol-mott and was maintained at this level (99812
(PPF) was provided by 215-W VHO fluorescent lamps, apahol-mot?) during the experiment.
photoperiod was constant (24 h). PPF levels varied slightly be-After the 55-day cropping cycle, nutrient solution was withheld
tween experiments. For the ambient-@&periment, PPF aver-and plants were allowed to air dry for 7 additional days. After
aged 50%umol-nr?-st (LI-1776 solar monitor; LI-COR, Lincoln, harvest, all shoot biomass except seeds was dried for 72 h in a
Neb.). PPF averaged 48@nol-m?s*during the elevated-CO forced-air oven at 75C and shoot tissue weights were determined.
experiment. These PPF averages reflect a 3.4% difference betvBamause of the 7-day dry-down procedure, it was not possible to
the two experiments. separate and measure root biomass accurately. The dry, fibrous
After 24 h, the plastic wrap was removed. To ensure propeots disintegrated readily during attempts to separate them from
plant densities, replacement transplants were positioned whaeesolid matrix.
seedlings did not emerge. Less than 5% of total seedlings in a giveAn operating CELSS will be an extremely dynamic and com-
system was transplants. plex system, with control algorithms dependent on raw-material
For the first 13 days of growth, solution reservoirs were refillgatoduction rates and resource consumption rates. For this reason,
as needed with nutrient solution containings2 kh Nitrogen was we have reported canopy seed yield and shoot biomass production
shifted to higher levels in some trays beginning on day 14 (Tabka in terms of their associated yield rates (i.e ;2gday?), with
1). Nitrogen level was increased by replacing the initial nutrigmtoduction rates determined with respect to the 55-day cropping
solution with a solution containing either 15, 22.5, or 30 kh cycle. CHI values are also included, since these indicate the
(Table 2). Similar treatments were initiated on days 21 or 28. Thasgount of inedible biomass that must be channeled through the
three treatment times corresponded to preflowering, flowerimggycling subsystem, which typically involves energy-intensive
and postflowering developmental stages, respectively. In all traygycedures.
once N was increased, fresh solution at the elevated N treatmereed composition analysi$o determine composition and
level was provided as needed for the rest of the crop-productstimate seed energy content, proximate analysis was performed
cycle. on seed samples from the various treatment combinations. This
For CQ, enrichment studies, a mass-flow valve (Side-Trakrocedure was as follows. Six to ten grams of seeds was ground for
Sierra Instruments, Carmel Valley, Calif.) released @@ the 30 sec using a mill (Micro Mill; Bell-Art Products, Pequannock,
chamber as needed. The valve was controlled by a mass-fiéM.). Ground samples were analyzed for moisture, fat, protein,
control system (Sierra FloBox, Series 900; Sierra Instrumentmd ash content according to standard procedures of the Associa-
and additional CQwas provided from a tank of compressed gatson of Official Analytical Chemists (AOAC) (1990). Moisture
Chamber air was sampled with an infrared gas analyzer (PtRntent of 2- to 3-g samples was determined by weight difference
after drying the samples for 18 h in a vacuum oven at 70C and 3.3
Table 1. Experimental variables and their treatment levels. kPa Hg pressure. Seed oil content was determined by extracting 2-
to 3-g samples with petroleum ether for 8 h in a Soxhlet extraction

\I\/lﬁ:f;; T lr;l]r'::lts Sy’\rlnboI = 2;e5;/ecl>sr 30 unit. After evaporating the petroleum ether from the extract,
Time of N inorease DAP ¢ 1“1 2i ‘Or 28 remdua} fat was weighed. Protein and ash contents were then
Planting density plantsfin 0 1163 1162’8 or 2093 determlngd from.the dry,_ defat_ted samples. Segd protein content
’ ’ was obtained using a micro-Kjeldahl method with a conversion
ZDays after planting. factor of 6.25; this procedure has been detailed previously (AOAC,
1990). Ash content was determined by weight after incinerating
Table 2. Elemental composition of modified nutrient solutions. samples in a muffle furnace at 550C for 18 h. Moisture, oil, and ash
contents were determined from triplicate samples, whereas seed
N treatment level protein content was determined from duplicate samples. Seed
Element 0.13x 1x 1.5x ox  carbohydrate content was then calculate(_j by difference [e.g:,
(mw) percent carbohydrate = 100% — (percent moisture + percent protein
N 2 15 225 30 + percent f’iS_h + percent fat)]. _
p 1 1 1 1 Model fitting and _data ana_lys@'he three-fa_ctor, three-level,
K 6 6 85 11 completely rand.omlzed. _deS|gn used for this stuqu (Box and
S 2 5 5 5 Behnken, 1960) is spec_lflc for response surfacg deS|gns mvplvm_g
Ca 5 5 75 10 secon_d—order polynomla_ls. The three factors |nvest|g_ated in t_hls
Mg 2 2 2 5 study included N Ieyel, time of N increase, and plan_tlng density
Cr? 13 (Table 1). The ambient- and elevated;@®periments included
() 15_tr|als,_3 of which were replications of the e_xperlmental center
point. This type of design reduced the two main sources of error—
B 46 46 46 46 variance and bias error (Box and Draper, 1959).
Fe 44 44 44 44 Data were analyzed using SAS’s RSREG procedure (SAS
Cl 18 18 18 Institute, Cary, N.C.). This software option provided second-order
Mn 9.2 9.2 9.2 9.2 polynomial equations to model the crop response variables of
Zn 0.77 0.77 0.77 0.77 interest. Analysis of variance provided information on the signifi-
Cu 0.32 0.32 0.32 0.32 cance of each term in a given model and the extent of variable
Mo 0.11 0.11 0.11 0.11 interactions. Model terms nonsignificant ab&®#=0.05 were held
Z arge Cl differences due to KCl and Ca€lts used to maintain K andat zero while grid points for that response model were generated.
Ca at nonlimiting levels in 0.13x N (2urN) nutrient solution. Variable interactions were typically insignificant to our re-
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Table 3. Mathematical models used to represent crop response variables of dwarf, rapid-cycling brassica grown hydroponically
under controlled-environment conditions.

Yield response Modél R
Ambient CQ

Seed yield rate Y =2.31-0.58N + 0.74t + 1201t 0.90

Shoot biomass Y =24.38 -7.3t 0.78

Seed oil content Y =31.1-1.38N + 1.79t 0.92

CHPV Y =12.42 —3.79N + 7.89t + 4.31t 0.98
Elevated CQ

Seed yield rate Y =1.94 +0.51p + 6.5t 0.90

Shoot biomass Y =41.37 + 6.63N — 8.19t 0.96

Seed oil content Y =23.1 - 2.54N + 2.35t + 305t 0.97

CHI Y =6.19 - 1.9N + 2.01t + 1.37p + 8t 0.97

Z2Symbols N, t, and p in models represent N level, time of N increase, and planting density, respectively.
YCHI = caloric harvest index based on energy content of shoot biomass only.

sponse models. Therefore, no cross-product terms were incluttiésl brassica species (data not shown). Therefore, the energy

in any of the models (Table 3). This lack of interaction does remntent of stems, leaves, and silique shells was estimated on a dry-

necessarily require data representation in one dimension. Grapieiight basis as 4 kcat'gimes the quantity of vegetative biomass.

cally, we have presented our models as response surfaces in cases

in which at least two experimental variables were significant. Results

These three-dimensional response surfaces indicate the response

range and the rate of change of the response due to the treatmeviarious mathematical models were developed to represent the

variables. crop responses in a statistically valid manner (Table 3). Model
Models were fitted to canopy seed yield rate, shoot biomasstrelation coefficientsR?) ranged from 0.78 to 0.98. The lack of

and seed oil content directly from the harvest data. Shoot CHI iastatistic, an important consideration in developing response

a calculated parameter that was determined before models vgeréace models, was insignificanfat 0.1 for all models derived

generated (Eq [1]). CHI was calculated as the ratio of calories inithethis experiment. No significant interactions were detected

seed to total calories in the shoot including the seeds (Sinha ebatong the experimental variables. Therefore, no cross-product

1982). For CELSS research, the energetic basis for CHI is appeoms were included in any of the response models.

priate since all biomass components must eventually flow throughCanopy seed yield rat&nder ambient CQconditions, seed

the food-processing and biomass-recycling stream, and the egfftld rate of brassica canopies was most sensitive to the time at

ciency of this process depends largely on the chemical enendych N was increased from 2vnio a higher N level. The yield

contained in the raw biomass. Also, since oil is 2.25 times moesponse was moderately sensitiRe(0.05) to N level, whereas

calorie dense than protein or carbohydrate (Merrill and Wattanting density did not significantly affect canopy seed yield rate

1955), CHI gives a relative measure of the energy partitioned i(ifable 4). Seed yield response was quadratically related to the time

oil production. of N increase; first- and second-order terms were significant to the
response model (Fig. 1A). Canopy seed yield rate responded
CHI = seed energy/shoot energy [1linearly to N level (e.qg., first-order effect only), with yield rate

decreasing as N level increased. The highest seed yield rate (4.4
where seed energy = seed dry weight[(percemt$atcal-g’) + 4 g-m>day') was obtained using ambient ¢@nd 15 nu N
kcal-g¥(percent protein + percent carbohydrate)] and shoot eneigjfiated on day 28. According to the response model, a minimum
= seed energy + 4 kcatleaf dry weight + stem dry weight +seed yield rate of 1.6 g-frday* would occur if N were elevated
silique shell dry weight). to 30 mv on day 18 (Fig. 1A).
Our preliminary experiments indicated that insignificant Under CQenrichment, planting density and time of N increase
amounts of oil exist in the vegetative and silique shell materialveére the only significant factors affecting canopy seed yield rate

Table 4. Significance of experimental treatment variables to crop yield response models under nonsupplemented (ambient) and
elevated C9(998umol-mor1) conditions.

Crop yield response

Variable df Seed yield Shoot biomass Seed oll CHI
Ambient CQ

N level 4 * NS * *

Time of N increase 4 * * * **

Planting density 4 NS NS NS NS
Elevated CQ

N level 4 NS e fdl i

Time of N increase 4 * *x xk *x

Planting density 4 * NS NS *

ZCHI = caloric harvest index based on energy content of shoot biomass only.
Nt Nonsignificant or significant & < 0.05 or 0.01, respectively.
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Fig. 1. Crop yield response models for hydroponically grBvassica napusinder ambient (nonsupplemented),€anditions. A) Seed yield rateR) shoot biomass
production rate,&) seed oil content, an®} shoot caloric harvest index. Mathematical equations for these responses are listed in Table 3.

(Table 4). Yield rate increased linearly as planting density irate of 31.7 g-m-day*was obtained under ambient CEndi-
creased (Fig. 2A). Time of N increase influenced canopy seed yi#bths and when N was increased at the earliest treatment time (day
rate quadratically, with only the second-order term significantid). A minimum biomass production rate of 17.8 §-giay?

the model. Under elevated C&dnditions, canopy seed yield rateoccurred when N was elevated at the latest treatment time tested
was not affected by differences in N level. (day 28).

Supplemental C{xlecreased canopy seed yield rate relative to Under enriched C{ronditions, N level and time of N increase
nonsupplemented (ambient) Cfor all treatment combinations were highly P < 0.01) significant factors affecting shoot biomass
tested. In general, yield rates were 15% to 34% lower than Ij@duction rate (Table 4). Shoot biomass accumulation rate in-
treatments under ambient CEnditions. The maximum canopycreased linearly as N level increased, but decreased linearly as the
seed yield rate obtained under elevated @&s 2.9 g-nt-day’ time of N increase was delayed (Fig. 2B). Planting density did not
and occurred at the highest planting density tested (2093 plgntsaignificantly affect the biomass production rate. With,€arich-
and at the earliest time of N increase (Fig. 2A). A minimum seent, a maximum biomass production rate of 55.5%day* was
yield rate of 1.4 g-m-day* occurred at the lowest planting densitpbtained when N was increased at the earliest time (day 14) and to
(1163 plants/f) and when N was increased on day 21. the highest N treatment level (30min A minimum biomass

Shoot biomass production raténder ambient C{ronditions, production rate (27.4 g-fhday?) occurred under the opposite
total shoot biomass production rate was responsive only to timére&tment combination (i.e., lowest N level applied at the latest
N increase (Table 4). Neither N level nor planting density signifreatment time). Supplemental Ci@creased shoot biomass pro-
cantly affected shoot biomass production. The rate of biomasgtion at all treatment combinations tested. In general, shoot
production and time of N treatment were inversely related irb@mmass rate was 54% to 75% greater than like treatments in the
linear fashion (Fig. 1B). A maximum shoot biomass producti@mbient-CQexperiment.
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Fig. 2. Crop yield response models for hydroponically grBnassica napusinder elevated C@998umol-mot?). (A) Seed yield rate ) shoot biomass production
rate, C) seed oil content, an@®} shoot caloric harvest index. Mathematical equations for these responses are listed in Table 3.

Seed oil contentUnder ambient CQOconditions, the time at mm N was applied at an early treatment time (day 18).
which N was increased and final N level had the most significantShoot CHI Under ambient C{ronditions, CHI was sensitive
impact on seed oil content (Table 4), with oil content responditighe time of N increase (Table 4). Linear and quadratic terms were
linearly to the effects from these treatment variables. The respagigaificant to the CHI response model (Fig. 1D). N level was
was inversely proportional to N level but directly proportional tmoderately significant, with CHI decreasing linearly as N level
time of N increase (Fig. 1C). Planting density did not significantligcreased. Planting density did not significantly affect the CHI
affect the oil content of the brassica seeds. Maximum seedregponse. The maximum CHI obtained under ambientGai-
content of 34.1% (dry weight basis) occurred under ambient Gfons was 26.8%, and it occurred when N was increased tm15 m
conditions when N was increased to 1% om day 28. A minimum on day 28. The minimum CHI (5.4%) occurred under an opposite
oil content of 28.1% occurred with 30vnN applied on day 14. treatment scenario (e.g., 30am\ applied on day 14).

Under CQ enrichment, seed oil content was highRy<(0.01) In general, CQenrichment favored vegetative growth and
sensitive to N level and time of N increase (Table 4). Plantiidhibited the onset of reproductive development and senescence.
density did not affect seed oil content. Seed oil content decliksl a result, CQenrichment greatly reduced shoot CHI at all
linearly as N levelincreased, while time of N increase affected sé@@tment combinations tested. Under elevategad@ditions, all
oil content in a quadratic fashion with the first- and second-orderee experimental variables significantly affected the CHI re-
terms significant to the model (Fig. 2C). Compared to the ambiespponse (Table 4). However, N level and the time of N increase were
CO, experiment, supplemental C@ad little effect on maximum the most significant variables (Fig. 2D). In the elevated-CO
seed oil content. A maximum oll content of 30.2% was obtainegperiment, the maximum CHI was only 12.6% and occurred with
when N level was increased to 1 mt the latest treatment timel5 nv N applied on day 28 and with a cropping density of 2093
(day 28). The minimum seed oil content (20.4%) occurred wheng@ants/m. The response model predicted a minimum CHI of 2.6%
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if N was elevated to 30mon day 17 and for a planting density oMajor, 1984). We found similar responses, especially under el-
1163 plants/rh evated CQconditions. The combination of high G&nd high N
greatly increased shoot biomass production rates, which were
Discussion consistently higher than those of identical N treatments under
ambient CQconditions. Since the shoot biomass response did not
The main purpose of starting brassica canopies omn Rif15 plateau at the highest N treatment tested (8] farther vegeta-
mwm is considered single-strength N for Hoagland’s no. 1 nutrigivte growth stimulation may occur at even higher N concentra-
solution) was to discourage extensive vegetative growth anditms.
establish the dense plant populations evaluated in this study. Th&he effects of various N fertilization regimes on seed oil content
2 mm N level favored formation of unbranched stems and smaillso have been tested in field trials (Henry and MacDonald, 1978;
pale-green leaves, consistent with previous reporB. ofapus Scottetal.,1973; Sheppard and Bates, 1980). In all of these studies,
grown in solution culture with limiting N (Yau and Thurling,seed oil content decreased with increasing N level. Seed oil also
1987). In our study, leaves regained normal color and sizedgcreased with increasing N levelin a study by Smith et al. (1988),
treatment groups receiving higher N at an early application timého reported an inverse relationship between seed oil content and
However, initial leaves underwent early senescence and abddigrotein) accumulation. Similar results were found in the present
sion in treatment groups receiving limiting N for longer periods obntrolled-environment, hydroponic crop growth study.
time (days 21 to 28). Shoot CHI was greatest when N remained limiting (2 for
Another purpose of applying low N was to evaluate its effect tre longest treatment time (28 days). Low N favored oil accumu-
seed oil content. The growth-limiting 2vaN enhanced seed oil lation by the seeds. The 21\ level also decreased stem and leaf
content, with maximum oil content (34%, dry weight basi®iomass, which in turn reduced the energy contribution of vegeta-
occurring when plants received 2irhl for the longest treatmenttive biomass. Although CQenrichment did not affect seed oil
time (28 days). Since this treatment combination was consistemritent, it greatly reduced shoot CHI. Supplementgiitpeased
with maximum seed yield rate, it seems possible to maximize seededible vegetative biomass and delayed seed production, which
oil content and seed yield rate simultaneously by restrictinglddvered the proportion of seed energy to total shoot energy.
nutrition. Therefore, continuous enrichment of atmospheric @G&s not
With respect to planting density, previous reports regardisgem advantageous to increasing seed yield rate or shoot CHI of
seed yield of oilseed rape have been mixed. Other researchers thesdrassica species.
shown seed vyield in open-field agriculture to decrease as planSince the maximum CHI and shoot biomass production rates
population decreased (Clark et al., 1978; Kondra, 1977; Rao acdurred under opposite treatment scenarios, it does not seem
Mendham, 1991). Still other studies have revealed little or possible to optimize these two harvest variables simultaneously
change in seed yield with changes in planting density (Kondwath respect to N nutrition. This implies a yield trade-off and may
1975; Singh and Yusurf, 1978). At low cropping densities, ragee used advantageously in an operating CELSS by increasing
seed compensates by increased branching and by producing mystem flexibility. For example, high N could be used in some
siliques per plant (Clarke and Simpson, 1978a, 1978b; Clarkégdroponic systems to stimulate rapid vegetative biomass produc-
al., 1978). Compensation may explain the relative insignificartoen. In turn, this would facilitate C uptake, scrubbing,@@re
of planting density on seed yield as observed in our ambient @Qickly and replacing it with (for human respiration. Other
experiment. However, in the elevated (3periment, planting hydroponic systems might use more moderate N to optimize seed
density was the most significant experimental variable. Singe Gd oil production as these resources are needed by the crew.
enrichment increased total shoot biomass per unit area, crowdin@ompared to other potential oilseed crops for a CELSS (peanut
and interplant competition for space, water, and nutrients likelgd soybean), dwarf, rapid-cycling brassica seems competitive.
enhanced the relative significance of planting density to the s&sekd oil oB. napuss higher in monounsaturated fatty acids than
yield response. either peanut or soybean oil and itis lower in polyunsaturated fatty
With regard to seed oil content and planting density, resultsagfds than soybean oil (Stanton, 1993). In addition to oil produc-
the present study were consistent with published reports friom, brassica leaves are readily edible as a Ca-rich, fresh salad
previous research, most of which were field studies. Kondragetable (Tufts University, 1990). Therefore, a mixed harvestand
(1975) found effects of row spacing and seeding rate to ddtural strategy may increase harvestindex and allow this species
insignificant on seed oil content of ‘Zephf. napusin addition, to be used to its fullest potential. For dwarf brassica to remain a
seed oil and protein contents were unaffected by seeding rateidble oilseed candidate, such cultural procedures must be refined
similar experiments (Morrison et al., 1990; Scarisbrick et alurther.
1982) In summary, different N nutrition regimes had a large impact on
Increasing N fertilization rates have increased seed producti@mopy seed yield rate, total shoot biomass, seed oil content, and
of oilseed rape in field studies (Henry and MacDonald, 1978; Scsitbot CHI of dwarf, rapid-cycling brassica. Low to moderate N
etal., 1973; Sheppard and Bates, 1980; Wright et al., 1987). Inléwels in hydroponic nutrient solution (up to 1&seem to favor
present controlled-environment, hydroponic study, N concentseed yield rate and seed oil content, whereas higher N (15 t9)30 m
tion typically was of secondary importance, whereas the time ofibicreased these harvest variables of interest. Elevateth-CO
increase generally was more significant to the seed yield responseased total vegetative biomass but decreased seed yield rate by
The maximum seed yield rate in the ambient- ang-€@®@iched delaying reproductive development and senescence. This study
experiments occurred at relatively low N treatment levels. Tlhilkso showed that seed composition of this brassica species can be
result suggests that N concentrations >5may saturate the seedreadily altered by varying nutritional regimes in hydroponic nutri-
yield response for this species in hydroponic crop production.ent solutions. This quality will be particularly important in a
Increasing N nutrition has stimulated shoot biomass growth@ELSS, where integrated environmental management will be used
oilseed rape in field (Mendham et al., 1981; Wright et al., 198@)influence biomass production rates and the food value associ-
and controlled-environment studies (Malhi et al., 1988; Rood aaigd with crop harvests.
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