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HortScience 35(2):250—-253. 2000. into the bottom layer, where they are most
likely to cause damage. Thus, sufficient water

I I must be applied to leach the salts from the
P OStp rOd u Ctl O n LeaC h I n g AffeCtS th e bottom of the pots. The objectives of this study
were: 1) to quantify the short-term effects of

Growing Medium and Respiration Of  ieachingonthe whole plant Gexchange rate

of subirrigated poinsettias; and 2) to deter-

Su bl rrlgated POl nsettlaS mine the effect of leaching volume on the EC

of different layers of the medium.

Marc van lersel .
Department of Horticulture, Georgia Station, The University of Georgia, 1109 Materials and Methods
Experiment Street, Griffin, GA 30223-1797 Plant material.Poinsettia ‘Freedom Red’

- . . . . o . cuttings were taken on 3 Aug. 1998 and rooted
Additional index wordsEuphorbia pulcherrimaelectrical conductivity, photosynthesis, saltin Oasis rooting medium (Smithers-Oasis,

stress Kent, Ohio) on a shaded mist bench. Rooted

Abstract Poinsettias Euphorbia pulcherrimaWwilld. ex Klotzsch) were grown in pots filled ~ cuttings were transplanted into 15-cm round
with 1.5 L of soilless growing medium and subirrigated daily with a fertilizer solution POts filled with 1.5 L of a peat-lite growing
containing N at 210 mg-L* [electrical conductivity (EC) = 1.5 dS-m] for 128 days. After medium (Metro-Mix 300; Scotts Co.,
production, plants were placed in a whole-plant photosynthesis system and the effects ojarysville, Ohio) on 31 Aug. Plants were
applying different volumes of water (0, 0.75, 1.5, and 3 L) to the top of the pots wereSubsequently placed on 0<a.5 nf ebb-and-
quantified. Leaching with 0.75, 1.5, or 3 L of water reduced the EC in the top and middle flow benches (MidWest Gromaster, St.
layers of the growing medium. Applications of 0.75 or 1.5 L of water significantly increased €harles, lll.) in a double-layer polyethylene-
the EC in the bottom third of the pots, where most of the root growth occurred. However, covered greenhouse. Plants were subirrigated
even in these treatments the EC in the bottom layer was only 2.6 dS*gsaturated medium ~ daily with a nutrient solution containing a
extraction method), which is well within the recommended range. The 0.75- and 1.5-L 20N-4.3P—16.6K water-soluble fertilizer (20—
treatments also reduced the respiration rate of the plants by 20%, but none of the 10-20 Peat-Lite Special; Scotts Co.) contain-
treatments had a significant effect on the photosynthesis of the plants. Regression analysi'9 210 mg-t* N (EC = 1.5 dS-m). This
indicated a negative correlation between the EC of the bottom layer of the growing medium concentration was chosen, because 175 to 250
and dark respiration, while the EC of the top and middle layer had no significant effect on M9-L* N was used in most of the previous
respiration. Although top watering can increase the EC in the bottom layer of the growing résearchwith subirrigated poinsettias (Deneke

medium, this effect is unlikely to be large enough to cause significant plant stress ancet &, 1993; Dole et al., 1994; Morvant et al.,
damage. 1998). The water used to mix the fertilizer

solution was low in Ca (10.5 mg-t) and
Ebb and flow irrigation is a viable methodduction of subirrigated plants. Salt accumulaMg?* (1.7 mg:-L?%), had a low EC (0.1 dS#h
to produce poinsettias without runoff (Argotion in the top layer of the growing mediumand total alkalinity (50 mg+£ CaCQ), and
and Biernbaum, 1995; Dole et al., 1994pccurs because evaporation from the mediubmad a pH of 6.4. These data indicate that the
Morvant et al., 1998). However, excessivesurface causes an upward movement of watesater was of excellent quality for greenhouse
accumulation of salts in subirrigated pots magnd fertilizer through the pot. As the wateiirrigation (Bunt, 1988).
reduce the postproduction longevity of theevaporates from the surface, fertilizer salts are Treatments and measuremeRiants were
plants. Ebb and flow-irrigated plants droppedeft behind (Argo and Biernbaum, 1994, 1995)subirrigated for 30 min to saturate the growing
more of their leaves than top-watered plantsin Although saltaccumulation in the top layermedium before the start of the C€xchange
the first 3 weeks after production (Deneke edf the growing medium also occurs in topimeasurements on 6 and 7 Jan. 1999. Plants
al., 1993). The electrical conductivity (EC) inwatered plants, itis much more pronounced iwere then placed in an eight-chamber, open,
the top layer of the growing medium ofsubirrigated plants (Argo and Biernbaumwhole-plant photosynthesis system, designed
subirrigated poinsettias is up to 10 times a$995). When plants with high salt accumulafollowing the principles outlined by Bugbee
high as that in the middle and bottom layersion in the upper portion of the growing me-(1992). Ambient air was blown into acrylic
(Argo and Biernbaum, 1995). dium are top-watered in the postproductiomhambers and air flow was measured with
Kent and Reed (1996) found that the EC ienvironment, the salts can be washed downass flow meters (GFM37-32, Aalborg In-
the top layer of the growing medium ofinto the bottom layer of the pot, where most o$truments and Controls, Monsey, N.Y.). The
subirrigated pots with New Guinea impatienghe root growth occurs. This could result in saltlifference in the CQconcentration of the air
(Impatiens hawkeriiBull.) or peace lily stress, which may explain the increase ientering and exiting the chamber was mea-
(SpathiphyllumSchott) was 2 to 5 times aspostproduction leaf drop of subirrigated poinsured with an infrared gas analyzer (Li-6251;
high as in the middle or bottom layer. The EGettias, as compared to top-watered plantd-COR, Lincoln, Nebr.). Whole-chamber
of the top layer was especially high if the N(Deneke etal., 1993). Salt accumulation in thearbon exchange rate (CERmol-s?) was
concentration in the fertilizer was higher thamoot zone can affect the metabolism of plantsalculated as the product of mass flow (m§l-s
optimal. Kent and Reed (1996) also reportetecause of osmotic stress, specific ion toxicand the difference in CQOconcentration
that most of the root growth occurred in thaies, or ionic imbalance (Dubey, 1996). Sal{umol-mot?). Carbon dioxide exchange rates
middle and bottom layers of the growing mestress can reduce photosynthesis through badhe expressed on a per plant basis, and thus
dium; therefore a high EC in the top layer oktomatal and nonstomatal effects, but thegepresent plant growth rate.
the pot may not be important during the proresponses are species-specific (Heuer, 1996). After =4 h of measurements, plants were
The CQ exchange rate of plants is very sensirkemoved from the gas exchange chambers and
tive to salt stress (Reddy et al., 1997) and magpp-watered with 0, 0.75, 1.5, or 3 L of water
[ therefore be a good indicator of possible detrper pot, corresponding to 0, 0.5, 1, andl2e
Received for publication 14 May 1999. Acceptedyanta) effects of leaching on the plants.  volume and 0, 0.79, 1.6, and 81Be container
forpublication 22 July 1999. I thank Larry Freeman ¢, ated salts can be removed by topsapacity of the growing medium, respectively
and Kevin Calhoun for their technical assistance. . . - O .
The cost of publishing this paper was defrayed iyatering the medium at the end of the produc(Metrq-Mlx 300 hgs a 70%'k,) container
part by the payment of page charges. Under postn cycle. Top-watering can leach the saltsapacity, the maximum amount of water the
regulations, this paper therefore must be herejom the pots, butits efficiency depends on thenedium can hold.) Plants were then placed
markedadvertisemensolely to indicate this fact. volume of water applied. A small volume ofback in the C@exchange system to determine
E-mail: mvanier@gaes.griffin.peachnet.edu water may simply wash the salts from the togreatment effects on the G@&xchange of the
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whole plants. Temperature in the gas exchange N o : .
chambers was 2% 1 °C, with an 8-h dark : Top ‘
period. ]

After 24 h, the plants were removed from
EC = 6.59 - 0.98LV \
r=035 P=0016 il

the gas exchange chambers. Leaf and bract
area and shoot dry weight of the plants were
determined. The soilless medium was cut and
divided into three layers (top, middle, bottom)
with baker scrapers, and EC and pH of the
medium samples were determined using the
saturated medium extraction method
(Warncke, 1986).

The experimentwas designed as a random-
ized complete block with four replications.
Since only two replications could be measured
simultaneously, the experimentwas conducted
on 2 consecutive days. The experimental unit
was a group of two plants placed together in a
gas exchange chamber and the soilless me-
dium of these plants was combined for EC and
pH measurements.
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Results and Discussion

Electrical conductivity (dS-m")
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Medium EC of control plants (no leaching)

was highest in the top layer and lowest in the 6t

bottom third of the pot (Fig. 1), which is

normal for subirrigated plants (Argo and EC =2.10+0.82LV-032LV

Biernbaum, 1995; Kent and Reed, 1996). The ri=071, P=00004

EC of the top layer (7 dS-fHhwas higher than

optimal, according to the guidelines of Warncke e —

and Krauskopf (1983), but may not have had a L \_\\‘-\,

significant effect on the plants. A visual in- B , , ‘

spection of the root systems indicated that o 075 1.5 3

most of the root growth occurred in the bottom .

part ofthe pots, which is normal for subirrigated Leaching volume (L)

plants (Argo and Biernbaum, 1995; Kent and

Reed, 1996). Thus, the chemical characterigig. 1. The effect of postproduction leaching (0, 0.75, 1.5, or 3 L/pot) on the electrical conductivity of theg

tics of the top layer are unlikely to have a growing medium of subirrigated poinsettias. The electrical conductivity of three layers of medium (top S

significant impact on growth. Argo and middle, and bottom) was determined using the saturated medium extraction method. Data points a(et%e

Biernbaum (1995) reported that the EC of the average of four replications and error bars represent the standard error of the mean. Lines indic

top medium layer can be as high as 36 d5-m significant linear or quadratic effects of the leaching volume (LV) on electrical condudti«t.05).

while maintaining healthy plants. The EC in

the middle and bottom layer were within theare superoptimal (Heuer, 1996). For exampléinity generally increases the respiration rate

optimal range for most greenhouse crops (2eaf photosynthesis of passionfri®gssiflora  of plants, but a variety of other reports indicate

3.5 dS-mY) (Warncke and Krauskopf, 1983), edulisSims) is highest with a nutrient solutionthat NaCl stress reduces (Lapina and Popov,

suggesting that the plants were not exposed EC of 6.8 dS-ni, but decreases rapidly when1970) or has no effect on respiration

osmotic stress during the growing season. the EC is higher than optimal (Letchamo et alFernandez-Pascual et al., 1996; Marler and
Top-watering the pots after production sig1993). Short-term effects of salinity on carborzozor; 1996; Mickelbart and Marler, 1996).

nificantly decreased the EC of the top ana@ssimilation are normally caused by the de©n the other hand, aboveground respiration of

middle layers of the growing medium (Fig.1).crease in osmotic potential of the growingsmooth cordgrassSpartina alterniflora

However, watering the plants with a relativelymedium (Plaut, 1995). Watering the poinsetti&oisel.) increases in response to increasing

small volume (0.75-1.5 L), increased the E@lants with 0.75 or 1.5 L resulted in only a 0.5alinity (Hwang and Morris, 1994). A compli-

of the bottom layer of the growing mediumdS-m* increase in the EC of the bottom layercating factor in the comparison of previous

from 2.1 to 2.6 dS-m indicating that salts of the medium. Apparently, this increase didesearch with the data from this study is that

were washed from the top part of the pot intoot cause an osmotic effect large enough tmost published reports concern the effects of

the bottom layer. Applying a larger volume ofaffect photosynthesis. This is not surprisingNaCl on plants. The effect of NaCl on respira-

water (3 L) decreased the EC in the bottorsince the EC remained withinthe recommendeiibn differs from osmotic shock caused by

layer of the medium by0.4 dS-mt, indicating range of 2 to 3.5 dSm(Warncke and sorbitol (Petruzzelli et al., 1992) and may be

that the volume applied in top-watering musKrauskopf, 1983). The pH of the growingion-specific. | did not quantify the mineral

be larger than the volume of the growingnedium decreased from the top to the bottormomposition of the salts in the different levels

medium to reduce the EC of the bottom layeiof the pots, but was not significantly affectedf the growing medium, but high levels ofNa
Photosynthesis normally is very sensitivéby the watering treatments (data not shown)r Clare unlikely and the effects of salinity on

to salt stress (Reddy et al., 1997), but the Surprisingly, the leaching treatments afrespiration may thus be different from NaCl

leaching treatments had no significant effediected the dark respiration rate of the plantstress.

on photosynthesis, either expressed per whosggnificantly. Leaching the plants with 0.75or  Regression of dark respiration rates on the

plant or per unit leaf area (results not shown)L.5 L reduced the respiration rate of the plantSC of the different medium layers confirms

Although previous reports on the effects oby 20% (Fig. 2). The reason for this reductiorthat the EC of the bottom layer affected plants

salt stress on photosynthesis have been incan+espiration is not clear. Literature reports omore than the EC of the middle and top layers.

sistent, photosynthesis is reduced in most sphe effect of salinity on respiration are incon-There was a highly significanP (= 0.007),

cies when salt levels in the growing mediunsistent. Rains (1972) stated that increased daear decrease in dark respiration with in-
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creasing EC of the bottom section of the grow-

ing medium, although the EC of the top and 035 a a
middle layers were not correlated with the
respiration rate (Fig. 3). . 0.30 |
The extent of salt buildup in the top layer of N —
the growing medium depends on the environ- 5 025
mental conditions and concentration of the E
fertilizer solution. When evaporative demand 2 020 L
is higher or more concentrated fertilizer solu- g
tions are used, the EC in the top layer of the =
growing medium could become even higher 5 015,
than in this experiment. Following top-water- o
ing, this would probably result in higher EC < 0101
levels in the medium and bottom layers of the ]
pots, thus increasing the possibility of osmotic a 0.05 |
stress. However, the results of this study indi- ’
cate that top-watering of subirrigated plants i
causes only a relatively small increase in the 0.00 o 075 15 3

EC of the bottom layer of the growing me-

dium, where the EC is unlikely to become
higher than optimal (>3.5 dS=Hunless that
of the top layer is well above 7 dS*m

Only short-term effects of postproduction
leaching on the growing medium and physiol-
ogy of the plants were studied. However, given
the smallincrease inthe EC of the bottom layer
inthe 0.75and 1.5 L treatments, these leaching
treatments are unlikely to have any detrimerdetrimental short-term effects on the plants. tion on early vegetative and root growth of
tal long-term effects during the postproductioWatering the plants with 3 L €the medium poinsettia. J. Amer. Soc. Hort. Sci. 120:163—
period. During subsequent waterings, moreolume) resulted in a decrease in the EC of all 169
salts would be leached out of the pots, thuayers of the growing medium. Leaching salPugbee. B. 1992. Steady-state canopy gas exchange:

further limiting the potential for EC-related from subirrigated poinsettias does not appear ;%_S;%”_ff;'gn and operation. HortScience
problems. ) ;

to be necessary to maintain plant quality and ig,n¢ a.c. 1988. Media and mixes for container-
not recommended. grown plants. 2nd ed. Unwin Hyman, Boston.
Deneke, C.F., B.K. Behe, and J.W. Olive. 1993.
Influence of subirrigation on postproduction
Postproduction top-watering of subirrigated longevity of poinsettias, p. 4. In: Research report
poinsettias leached accumulated salts from tifggo, WA and J.A. Biern_baum. 1994. Infigation 1993. Ornamentals. Res. Rpt. Ser. 8. Alabama
toplayer to he middle and bottomlayers of the. 8 et e peat-Dole. S 3.C. Cole, and S.L. von Broembsen
: : : : i ili wn in fiv - , L. v .
?(;OBW (;rrl%Theed\l/li)rlrsj.n\"f\éaoftr;]neggvﬂ)tvt:/igg;ce)rd:il-l,.l?nl)_ based media with and without an evaporative 1994. Growth of poinsettias, nutrient leaching,
N barrier. J. Amer. Soc. Hort. Sci. 119:1151- and water-use efficiency respond to irrigation
increased the EC of the bottom layer of the 1;5¢ methods. HortScience 29:858—864.
growing medlu_m by 0.5 dSfrand decreased argo, W.A. and J.A. Biernbaum. 1995. The effect oDubey, R.S. 1996. Photosynthesis in plants under
the dark respiration rate of the plants. The jrigation method, water-soluble fertilization, ~ stressful conditions, p. 859-875. In: M.
increase in EC of the bottom layer had no preplant nutrient charge, and surface evapora- Pessarakli. Handbook of photosynthesis. Marcel

Leaching volume (L)

Fig. 2. The effect of leaching volume (0, 0.75, 1.5 or 3 L/pot) on the respiration of subirrigated poinsettias
during the dark period following leaching treatments. Data represent the whole-plant respiration
(including the root zone), expressed on a whole-plant basis and are the average of four replications. Error
bars represent the standard error. Mean separation by Fisher’s protected least significant dference (
<0.05).
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for every experimental unit are shown. Note the different scales on the X-axes.
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