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Abstract Nutrient uptake by New Guinea impatiens [mpatiens X hb) ‘Equinox’ was measured in a growth chamber under
various combinations of light [photosynthetic photon flux (PPF)], air temperature, and nutrient solution concentration.
Nitrate-N, P, K, Ca, and Mg ions were evaluated individually by measuring depletion of each nutrient from a constant-
volume solution over 9 hours with constant environmental conditions. Individual nutrient uptake was not correlated to
concurrent daily temperature environment, and only K and Mg showed a correlation with PPF. Uptake rates of N, P, K,
Ca, and Mg increased significantly with increasing nutrient solution concentration. Estimated net assimilation rates of
nutrients, based on measured shoot tissue concentrations of each nutrient and assuming that uptake occurred continu-
ously at a rate proportional to canopy area, were correlated to average measured uptake rates for N, Ca, and Mg and were
not correlated to average uptake rates for P and K. Although nutrient demand from plant growth may determine rates
of nutrient uptake necessary over longer periods of time, short-term uptake was not related directly to daily fluctuations
in environmental factors.

Concern over water quality has brought increased scrutinylight-period environmental conditions. Two important environ-
nutrient management practices in commercial greenhouses. Relental factors in this model were photosynthetic photon flux
tively inexpensive water and nutrients can easily be applied at hjiBRPF) and air temperature, both of which are easily measured and:
rates to ensure vigorous plant growth. Nutrients applied in excessld be used as inputs to a nutrient-demand model. In addition toZ
of actual plant uptake may be leached out of containers or awarient demand, nutrient supply also has affected nutrient uptake:
from the root zone into soil, surface water, or groundwater outs{dee reviews by Epstein, 1973; Mankin and Fynn, 1996; Nissen, &
the greenhouse (Biernbaum and Fonteno, 1989; McAvoy et 4891). Together, these factors could be used to determine rate and
1992; Morisot et al., 1978). Willits et al. (1992) concluded th&iming of nutrients in plant fertilization management systems. Our =
“increasing concerns about environmental pollution coupled withjectives were 1) to quantify the effects of nutrient solution 3
recent advances in the ability to control the environment adncentration, PPF, and air temperature on uptake of N, P, K, Ca,2
greenhouses via computers have made it necessary and possibletdg and 2) to evaluate the validity of assuming that nutrient =
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consider adjusting nutrient solutions to minimize waste and maxptake responds directly to short-term environmental conditions.
mize growth.” However, what amount of nutrients should be

applied and when to achieve minimum waste and maximum Materials and Methods

growth?

A framework for answering these questions was presented in & walk-in growth chamber (Mankin, 1994) was used for our
model proposed by Mankin and Fynn (1996). In this model, theady and was instrumented according to established growth
rate of nutrient uptake was related to current plant nutrient demastdimber guidelines (American Society of Agricultural Engineers,
which in turn was determined by rates of plant photosynthesisl®86). New Guinea impatienknpatiens X hb.‘Equinox’ were
growth. Assuming insignificant plant storage of nutrients (Bloogrown in pots (10 cm in diameter) with Haydite Grade H media
et al., 1985) and no dark-period nutrient uptake (Pang, 1998prted, expanded shale gravel; Hydraulic Press Brick Co., Cleve-
nutrient uptake would be directly related to current or near-teriand). Plants (36) were arranged on each of four 2.2emches to

receive symmetrical lighting beneath fifteen 400-W lamps: eight
- high-pressure sodium and seven metal halide. Shoots extended
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Table 1. Randomization of experimental treatments. Nutrient recipes are expressed as a fraction or multipias each day. Consolidation
of a standard (1x) baseline recipe. reduced the number of nutri-
ent concentration treatments

Nutrient recipe PPHevel (rated % transmission) by one but did not affect the
Bench Temp Day basic experimental design. In
Week 1 2 3 4 €C) 1 2 3 4 5 the original nutrient treat-
1 +12x  2x  +l4x  1Ix 25 20 100 70 37 53 ments, the baselineX}nutri-
2 +1/2x  2x 1x  +1/4x 30 70 53 20 37 100 ent recipe was based on
3 +1/4x  +1/2x  1x 2x 20 53 70 37 20 100 generallyaccepted concentra-
4 1x  +12x  2x  +1/2x 30 100 20 53 70 37 tionsandratios (R. McMahon,
5 +1/4x  1x 2x  +1/2x 20 20 53 100 37 70 personal communication) (in
6 1x 2x  +1l/4x  +1/2x 25 37 53 20 100 70 mg-L?):100NQ-N,30P, 100
7 +1/4x  1x 2x  +1/2x 20 100 53 20 37 70 K, 100 Ca, 30 Mg, 15 S, and
8 +1/2x 2X 1x +1/4x 25 20 37 100 70 53 6.7 commercial micronutrient
9 Ix  +1/4x  +1/2x  2x 30 37 53 70 20 100 mix [Compound 111, The

Scott Companies (formerly

Grace Sierra) Marysville,

Ohio]. The other recipes were

Table 2. Specification of the individual nutrient solution concentratidractions or multiples of this basic recipe. Only the,dm of N
median and range for each “grouped” nutrient level treatment.  was used since only that form of N was measured.

The three light period/dark period set-point temperatures (in

“PPF = photosynthetic photon flux.
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Variable (r;;"_’vtl) %egdf? (mg'_‘iﬂ) °C) were 30/20, 25/20, and 20/20. Photoperiod was 12 h with

N abrupt transitions of .Ilght and temperature. '_rhe five PPF levels
wesan o o IR SRk S e PR A A
Range 20-50 50-110 110-230, 1 S13C€ € . ghansls anc resuied in e evesy

P and distributions s_hown in Table 3. PPF treatments were desig- g
Median 29 45 90 nated by the nominal shade cloth values (e.g., 100% level = no =
Range 14-30 30-61 61—1223hade _clo_th, 70% level = 30% shade cloth, etc.), although actual &

K transmission varied10% from these rated valges (Table 3). AII 3
Median 10 30 90 PPF levels were below photosynthetic saturation for New Guinea 5
Range 1-15 15-45 45_135|mpe_1t|ens (Mankin, 1994)_. Sh_adl_ng had Iltt!e effect on spectral =

ca quality and affected spatial distribution uniformly across each ki
Median 47 95 190 bench (Mankin, 1994). However, are_a-welghted PPF distributions s
Range 2560 60125 12525690 each bench often overlapped with other light treatments. For 2

Mg example, the 100 to 150mol-m?2strange covered 16% of each &
Median 15 30 60 benchinthe 53% PPF treatment and 47% of each benchinthe 370/§
Range 8 22 2945 45_gq Lreatment, but this PPF range did not occur in the 100%, 70%, or =

20% PPF treatments. Such distributions are common (although g
often not reported) in growth chambers. In our study, nutrient
uptake was related to the mean PPF for each treatment.
from symmetrical locations on each bench were harvested 4 dayBlutrient uptake was measured by the amount of nutrient
later and were dried for plant weight and tissue analysis. depletion in the irrigation system for each treatment (i.e., the

All combinations of three nutrient solution concentrations, fi@mulative uptake from 36 plants) over a 9-h span of the light
PPF levels, and three air temperatures were studied. Tempergteriod, beginning 1 h after the start of the photoperiod. With
was the main plot treatment with nutrient concentration and PPEastinuous replacement of evaporative water loss, changes in
the split-plot treatments arranged in a split block with thremitrient concentration were assumed to be due solely to plant
replications (Table 1). Two days between experimental weelstake. Solution samples (10 ml) were analyzed foj-N@sing
were given to ensure the system reached equilibrium at the ea@ardy individual ion sensor, and P, K, Ca, and Mg were analyzed
ronmental levels (particularly nutrient concentration) of the fdby inductively coupled plasma spectrophotometry (Mankin, 1994).
lowing treatment (i.e., day 1 of the next week). Effects of treatme®islution concentration values were converted into uptake rates per
on nutrient uptake were determined using split plot—split blookit canopy area by Eq. [1],
analysis of variance in SAS (SAS Institute, 1989).

Three concentrations of each nutrient were studied: high, ivg=AC__* (Vol + A*CAI* At) [1]
dium, and low (Table 2). Data from four original “targeted”
nutrient solution treatments (as shown in Table 1) were consualhere V, = rate of nutrient uptake per unit canopy area (milligram
dated by nutrient into three “grouped” treatments. The mediper square meter per houfC = change in nutrient solution
concentrations and ranges of the grouped treatments were selexdrdentration (milligram per liter), Vol = system volume (liters),
to minimize overlap among measured concentrations at the begin-bench area (square meter), CAl = canopy areaindex (projected
ning of each measurement period. Daily nutrient replenishmeanopy area to bench area ratio; square meter per square meter),
was required because uptake rates for each 36-plant treatment amiét = uptake period (hours).
relatively large compared to the small irrigation system volume Canopy area index (CAl) was evaluated by digitizing overhead
(6.5 L). However, without foreknowledge about the uptake rat@fotographs of the canopy and determining the fraction of bench
it was difficult to return each solution to its target initial concentrarea covered by plant leaves. In addition to individual nutrient
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uptake, total uptake was monitored continuously as the chang&38 pmol-nt2-s* PPF, had no overlap with the 37% treatment,

electrical conductivity (EC) within the irrigation system. which ranged from 65 to 189mol-m?s™. Similarly, 70% and
20% PPF treatments had no overlap in measured levels. The short-
Results and Discussion term uptake response theory suggests that plants receiving higher

PPF levels use nutrients at faster rates, resulting in greater uptake

Nutrient uptake of N, P, K, Ca, and Mg increased significantigtes (Mankin and Fynn, 1996). Yet, even between the distinctly
with solution concentration (Fig. 1, Table 4). All nutrients inseparate PPF treatments in this study, the relationships between
creased from low to medium concentration treatments, but onlyiptake and PPF level generally were not significant (Fig. 1). Thus,
increased significantly with a further increase in concentratidghese plants did not respond directly to near-term environment.
Uptake was not significantly related to temperature for any nutri- Uptake continued throughout the dark period as indicated by an
ent or to PPF for N, P, and Ca (Fig. 1, Table 4). At the two highaserage decrease in EC at 8.6.5 mmhos-crdnr2- It (meant
PPF levels, Mg was significantly greater than for the two lowes) in the dark compared with 8.4 mmhos-cm-nr2-h*during
levels. Similarly, K uptake at the two highest PPF levels wtee light period (no significant difference). In addition, dark-
significantly greater than either the 20% or 53% levels. period uptake was not significantly related to dark-period water

The response of N, P, and Mg uptake to solution concentratigriake or previous light-period PPF (data not shown, see Mankin,
interacted with air temperature (Fig. 2, Table 4). Uptake w&894). This contrasted with the results of Pang (1992), who &
independent of temperature at the lowest solution concentratiooscluded that no nutrient uptake occurred during the dark period 5
but was significantly correlated with temperature at the highést New Guinea impatiens. The difference may be due to the more§
concentrations. At higher temperatures, uptake increased sigs#insitive EC monitoring system used in the our study compared &
cantly with solution concentration, although this was not alwawysth that used by Pang (1992).
the case at 2TC. This increase may indicate a nutrient limitation To verify that uptake occurred continuously for New Guinea
on uptake at the lowest solution concentrations that was overcammgatiens, measured nutrient uptake was compared to nutrient=
at higher concentrations. Figure 2 also makes clear that the dosatumulation in plant tissues assuming a 24-h uptake period. %
turn in P uptake shown in Fig. 1 for the highest P concentration v&mot tissue nutrient concentrations were measured for 12 plants:.
due to decreased nutrient use at°®0relative to the higher at the end of the experiment and were averaged. Roots were noé
temperatures. Similar downward trends were evident for N asampled but were assumed to have similar tissue nutrient concen<.
Mg. The plant appeared to have been unable to use the higtraibns as shoots and to be 10% of the shoot dry weight. This is§

y wouy

nutrient solution concentrations at the lowest temperatur®20 reasonable for annual species in moist, nonlimiting conditions
PPF may have been confounded by an overlap between treat- 3
ments (Table 3). However, several treatments had no PPF overlap.'® [ Nitrogen : ; ol
For example, the 100% PPF treatment, which ranged from 236 to 12 |-~ J %
8- - _ _ N ®
Table 3. Spatial distribution of photosynthetic photon flux (PPF) (400to & - / fﬁ%— _{ f‘}ﬁ%”{ t 1 "g
700 nm) at canopy level. Each of the four benches received identical 5 ] =
distributions. C | , . w0 o
PPF range PPF level (rated % transmission) Pl B. Pmi';homs _ o T §
(umol-nT2sY) 20 37 53 70 100 5l f & l/: ﬁ/i_:_“‘—f_ - s
Spatial distribution of PPF at canopy level (% of total bench area) . [ - 1 3
650-700 5 & o | . o ] 2
600-650 11 2%} ¢ Potassum | T S
550-600 10 g9 ] ¢
500-550 14 g4l . R 2
450-500 16 g - e M 3 3
B3l - <
400-450 12 13 5y : &
350-400 11 10 TO——1 — — I | 3
300-350 2 12 13 £ 4 D Calcum ] >
250-300 23 21 7z ¢ /4}7 -3 3. 3 -t 2
200-250 31 19 1 o = 7 3
150-200 29 29 9 3 -
100-150 47 16 of—1 1 | s 1
50-100 81 25 R E. Magnesium ! _
0-50 19 B —— -
PPF at canopy levelfnol-m?s?) 2 —i}_! — —§/§ e }/é ]
Mean 65 122 200 288 446 1} ]
SD 19 36 60 86 133 of L N L L
maﬁm‘u%“ 13?2 1;)359 13(?62 14;'24 263363 0 50 100 150 20020 25 30 O 100 200 300 400 500
Total daily PPF integral at canopy level (mot4td?) Concentration (mgiter”) Temperature {C)  PPF (umolm2s™)
Mean 2.8 5.3 8.6 12.3 19.3

. e . Fig. 1. Nutrient uptake rate response to nutrient solution concentration, air tempera-

Actual shading level (% transmission vs. no shading, 400—-700 nm) ture, and photosynthetic photon flux (PPF) #) N, B) P, C) K, (D) Ca, and
Mean 15 27 45 65 — (E) Mg. Uptake was measured by nutrient solution depletion over 9 h of constant
environmental conditions. Vertical bars represerdf the means.
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(Struik and Bray, 1970). Uptake was assumed to be proportional tdJsing these assumptions, measured nutrient solution depletion
the degree of canopy exposure, as determined by CAI In @4y, Eq. [1]) was not significantly different from NAR (Eq. [2]) for
experiment, average CAl wa$0% of the bench area over the\, Ca, and Mg (Fig. 3). This result is consistent with continuous
118-d plantlife (Mankin, 1994). Assuming an initial tissue nutrienptake of these nutrients at a constant average rate according to the
concentration of 0 mg-L, tissue concentrations were translated tanopy area. However, \and NAR were significantly different
net assimilation rates (NAR) by Eq. [2], for P and K. The reason for these differences is not clear. Possible
explanations include the following: a) in calculating NAR, the
assumptions of continuous uptake, uptake proportional to CAl,
and/or root weight, and nutrient concentrations, may have been
appropriate for N, Ca, and Mg but not for P and K; b) laboratory
where NAR = net assimilation rate of an individual nutrient penalysis may have systematically over-reported P and under-
canopy area (milligram per square meter per hmr)t,: change reported K concentrations, although this was not likely since
in shoot tissue nutrient concentration on a dry-weight basis (nei@reful calibrations preceded each analysis; and c) the unlikely
ligram per gram), and W = average plant dry weight per berpssibility that there was an unaccounted source of P and sink of
(grams). K in the Haydite gravel media or elsewhere in the recirculating
system.
One possible interpretation of the N, Ca, and Mg results is that 5

Table 4. Analysis of variance summary for daily uptake of individualthough uptake was not sensitive to daily (short-term) variations §

nutrients. in PPF (Fig. 1), over a longer-term period, the plant must absorb
each nutrient according to the demand established by PPF-induceds

NAR = AC, * (W + A * CAl, * AY) 2]

moq

Eﬁemz ,L\IS I\F:S L(S ch '\ﬁg grovx_/th (Mankin and Fynn, 1996). This wou!d explain the need for i
L NS NS N NS « CAlinEq. [2] to account for plant interception of PPF. However, g
L xT NS NS NS NS NS th|s theory cannot be supporteq directly by Qata from this study <
c e - et ot . since the treatments were designed to provide each bench wuh%’.
LxC NS NS NS NS NS e_qugl_cumul_atlve PPFintegrals overt_he 9-week experlment_and noa
TxC . " NS NS «  significant differences were found in final mean plant dry weights.

The continuously recirculating irrigation system used in this
LxTxC NS NS NS NS NS

study provided plant roots with a constant supply of nutrient
T = air temperature, L = light level (photosynthetic photon flux), C solution, minimizing root-zone nutrient transport processes as a
nutrient solution concentration of specified nutrient. possible influence on nutrient uptake. This contrasts with some
"~ 7" Nonsignificant or significant aP < 0.05, 0.01, or 0.001, typjcal systems that have periodic irrigation and nutrient solution
respectively. depletion in the root zone (e.g., Yelanich and Biernbaum, 1993). &
Itis not clear whether differences between continuous vs. periodic 3

yewsayem-jpd

wid

e 3UC—| —o— High 1 nutrient replenishment would cause differences in uptake. 5
—a— 25C | _ &— Medium New Gumea impatiens in gravel c_ulture integrated nutrient
e 200 L de Low uptake over time to meet changing nutrient demands brought abouts
L L. | bychanging environmental conditions. This integrative capacity =

— may be relatively high for succulent plants like New Guinea 3
A. Nitrogen B & impatiens. Plant ability to store nutrients suggests that timing of =
nutrient supply to the root zone may be less important than total =
nutrients reaching the root zone over time, as long as demands o

long-term plant growth are met. This view supports using simpli- <
fied nutrient management schemes, such as preplant fertilizer and;;
constant concentration applications, where the total amount of ©
added nutrients are designed to meet total plant requirements.

L LB B B O

T

Conclusions
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Nutrient uptake of N, P, K, Ca, and Mg by New Guinea
impatiens in gravel culture were not shown to be related to air
temperature over 9-h photoperiods. Only uptake of K and Mg were
correlated to PPF. Uptake increased significantly with solution N,
P, K, Ca, and Mg concentrations. These results do not support the
hypothesis relating short-term (daily or less) uptake of nutrients to
the demand established by the current levels of environmental
characteristics that affect growth. However, comparisons of mea-

| | I I ' ' sured nutrient uptake to final tissue nutrient concentrations indi-
50 100 150 200 20 25 30 cated that long-term uptake of N, Ca, and Mg may be related to
canopy area, leaf area, or dry weight. This suggests that although
uptake of individual nutrients was not related to concurrent daily
Fig. 2. Interactive effects of air temperature (20, 25, ari@pand nutrient solution levels of PPF _a_nd ter_nperature, demand may affect or control

concentration (low, medium, and high concentrations) on nutrient uptake ratetftake of specific nutrients over the life of a plant.

(A) N, (B) P, and C) Mg. Vertical bars represest of the means. Our experiment studied the response of New Guinea impatiens
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