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Consequences of Excessive Overhead Irrigation on Runoff
during Container Production of Sweet Viburnum?
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Department of Environmental Horticulture, University of Florida, IFAS
1545 Fifield Hall, Gainesville, FL 32611-0670

Abstract

The efects of irrigation rate on volume and nutrient content of fumefe investigated. Ruriofleachate plus un-intercepted irrigation
and rain) was collected weekly for 20 weeks during production of trade #1 (2.7-liter) sweet vibuourmum odoratissimum (L.)
Ker-Gawl.] fertilized with a resin-coated, controlled-release fertilizer [Osmocote 18N-2.6P-10K (18-6—12), 8—-9 month 21C |(70F)].
Treatments were a factorial arrangement of two irrigation rates [1 (IRR1) or 2 (IRR2) cm/day (0.39 or 0.79 in)] and two fertilizer rates
[15 (FRT15) or 30 (FR'30) g/container (0.53 or 1.06 oZJptal runof volume was 970 liters/fr{2380 gal/100 f) for IRR1 and 2220
liters/n? (5450 gal/100 ) for IRR2 which was 49 and 69%, respectiyelytotal irrigation plus rainfall. Increasing the irrigation rate
from 1 to 2 cm/day increased leaching losses of Bh&K 34, 38, and 45%, respectivelth FRT15 and 21, 28, and 23%, respectiyely
with FRT30. Increasing the irrigation rate increased nutrient loads)glrhdecreased nutrient concentrations (mg/liter) in funof

Index words: controlled-release, leaching, nutrient load, nitrogen, Osmocote, phosphorus, potassiihtppghr water quality

Significance to the Nursery Industry The higher irrigation rate decreased plant biomass z.and.this
We applied 1 and 2 cm/day of overhead irrigation water effect was not reduced by a higher rate of CRF application.

and measured the volume and nutrient content of f(mof Consequences of excessive irrigation in increasing fruabf
intercepted irrigation plus rain) collected continuously-dur UMe and nutrient losses were quantified providing justifica-

ing production in #1 containers. Ninety-five percent of the tion fpr e\(/jalu_atin% and .imp!eme%fhg.pfe“iof‘ irrigation
additional water applied with the higher irrigation rate was Srac.tlces esigned to minimize ruhatring container pro-
collected as runéindicating that 2 cm/day was excessive. duction.
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in developing and selecting BMP in order to minimize eco- vide information that may be useful for improving the pro-

nomic risks and maximize environmental stewardsHijs duction and environmental management of water and nutri-

information may also support the development of physically- ents during container productiofo this end, we compared

based models used to estimate water and nutrient dynamicghe volume and nutrient content of ruhodllected continu-

in container production. ously from rundf platforms on which a container crop of
Due to limited substrate volume and theg&anumber of sweet viburnum was grown. Sweet viburnum was chosen

containers per unit area, production in small-sized contain- because it has a relatively high requirement for nutrients and

ers [<trade #7 (30 liter)] typically entails daily overhead irri- water and has received attention as a model crop for irriga-

gation (2). Irrigation application uniformity is often low and  tion and growth studies (1, 21, 24, 25).

precise application volumes are uncertain (12, 28). Under

these circumstances, many irrigation managers err on the sidéMaterials and Methods

of caution and apply more water than is actually needed to  The experiment was conducted at the University of Florida,
maintain the cropThg likelihood for excessive irrigation is  Gainesville and was similar in design to research reported
especially great during early stages of crop growth when previously (24)The site consisted of four 6.1 x 6.1 m (20 x
evapotranspiration rates are low@oupled with the factthat 0 ft) irrigation zones each irrigated with four overhead sprin-
containers occupy a fraction of the _p(oducnon Sl_Jrface eVven klers operating at a regulated pressure of 207 kPa (30 psi).
with dense spacing arrangements, it is not surprising to find The sprinkler pattern was adjusted to deliver water uniformly
that overhead irrigation f&fiency (irrigation retained/irri- at 1.8 cm/hr (0.7 in/hr). Four 1.2 x 1.2 m (4 x 4 ft) platforms
gation applied) is lowtypically 20 to 30% (4, 6, 32). designed to collect all runbfleachate and un-intercepted

Container plant production commonly uses controlled-re- jrrigation and rainfall) were placed within each of the four
lease fertilizer (CRF) applied in one or two applications to jrrigation zones for a total of 16 platforms. Runefs col-
supply a plans season-long demand for nutrients. Release |ected within an 89 x 105 cm (35 x 41 in) [0.937 (0.1
of nutrients from CRF prills is temperature-dependent (19, 2)] area leaving 0.6 A{6.5 f&) for border plants (24).here
23) while movement through and out a container is driven were no border plants on the lower edge of the collection
primarily by irrigation and rainfall-induced leaching (15, 17).  area to allow uninterrupted flow of ruidfito the collection
During early stages of plant growth, nutrient uptake is low vessel. Platforms were covered with standard nursery-grade
(10) and leaching losses are greater than during later periodspolypropylene groundcloth (Green Ling/® 3141; LINQ
of active growth with well-established root systems (18, 24). |ndustrial Fabrics, Summerville, SC) underlain with one layer
Also, a CRF may have a significant fraction of quickly re-  of 45-mil-thick (1.1 mm) pond liner (PondGard, Firestone
leased product to provide adequate nutrition for young plants Building Products; Carmel, IN) to divert rufiefater into a
with limited root systemsAs a consequence, the potential 110 liter (31 gal) collection vessdlhree sections of 1.3 cm
for fertilizer nutrient leaching can be relatively high at the (i.d.; 0.5 in) pipe were fastened underneath the pond liner to
beginning of the season (17, 249 ensure adequate nutri-  delineate the collection area from the border afem. 9.5
tion, hig.h CRF application rates are often used and fertilizer ¢m (i.d.; 3.7 in) cups were attached to each platform to moni-
use eficiency can be low (27). tor daily inputs of irrigation and rain.

Several studies have quantified thieef of leachate vol- The container substrate was 2:1:1 aged pine bark:sphagnum
ume on nutrient leachingyler et al. (31) observed that in-  peatmoss:coarse sand (by vol). During mixing of components,
creasing the irrigation volume 1.8-fold, increased the leach- the substrate was amended with 4.1 Rg/fib/ycf) of dolo-
ing volume 2.7-fold, the amount of P leached 2.4-fold and mitic limestone and 0.9 kg/{1.5 Ib/yd) of a micronutrient
the amount of N leached 1.2-fold suggesting that P was moreblend (Micromax, Scotts Co., Marysville, OH). Black, poly-
affected by the increase in irrigation volume thariTNey ethylene, blow-molded, trade #1, 16.5-cm-top diameter (6.5
also noted that irrigation volume had less of deatfwhen in) containers (Elite 300; ITML Horticultural Products,

N was limiting than when highgmon-limiting fertilizer rates Brantford, Ont., Canada) were filled to a final substrate vol-
were used. Increasing the leachate volume 3.5-fold resultedume of 2.4 liter [fill height of 15 cm (5.9 in)Fhe water

in a 1.5 fold increase in cumulative N leaching (IHe holding capacity of the substrate was determined by hand
relative efect of increasing leaching volume on N leaching watering five substrate-filled containers several times a day
loss was greatest at low leaching volumes and decreased asver a period of 4 days until container weights, after allow-
the leaching volume increased (17). On the other hand, a 4-ing for drainage, stabilized. Substrate from each container
fold increase in leachate volume (50 to 200 mL per 335-mL was subsequently removed and air driedhilable water
container) resulted in a 1.5-fold increase in N loss but had no content was calculated as: [(saturated substrate weight — air
affect on Ploss. Because relative increases in N leaching dried substrate weight) + substrate volunweter holding
losses were less than the relative increases in N leachingcapacity averaged 25% (0.25%whH,0 per cmi of substrate)
volumes, leachate N concentrations in these studies decreasedhich was equivalent to 600 mL (20 fl 0z) per container or a
as irrigation volumes increase. depth of 3 cm (1.2 in) of watdEach container was fertilized

The objective of this experiment was to quantify the ef- with either 15 g (FR15) or 30 g (FR30) of a resin-coated
fects that overhead irrigation rate have on the volume and CRF [Osmocote 18N-2.6P-10K (18—-6-12), 8—9 month 21C
nutrient content of runbfgenerated during container pro-  (70F); Scotts Co., Marysville, OH] which was derived from
duction.Treatments, which included moderate and high ap- ammonium nitrate, ammonium phosphate, calcium phos-
plication rates of water and fertilizexere designed to: 1)  phate, and potassium sulfate and contained 8%NNénd
determine the relationship between increased irrigation vol- 10% NH-N. Due to imperfect coating of the CRF prills, only
ume and increased rufieblume and nutrient loss, 2) deter  83% of the CRF was labeled as controlled-release product.
mine if the eflect of increased irrigation volume on nutrient The FR'15 rate supplied 2.7, 0.39, and 1.5 g/container of N,
loss depends on the CRF rate, and, more genesalpro- P, and K, respectivelyand FR'30 supplied 5.4, 0.79, and 3.0
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Table 1. Volume, electrical conductivity (EC), and nutrient content of watercollected during the watering-in of containers (32 container/d imme-
diately after transplanting but before the first irrigation. Water was applied by hand with a beaker nozzle.Water collected included
container leachate plus un-intecepted irrigation water. Controlled-release fetilizer [Osmocote 18N-2.6P-10K (18-6—12), 8-9 month 21C
(70F)] was incorporated.

Nutrient concentration in runoff water (mg/liter)

Fertilizer rate? Runoff volumeY EC
(g/container) (liters/container) (dS/m) NO,-N NH,-N TKN* Nw P K
15 1.0 0.50 48 28 62 110 5.4 61
30 1.1 0.63 81 50 96 177 8.9 74
Controlg
Unfertilized substrate 1.0 0.42 0 0 3 3 0.4 33
Irrigation water — 0.36 0 0 0 0 0.0 1

zSignificant P < 0.05) fertilizer rate ééct for EC and all nutrient concentrations except K.
YMean volume of 30 containers.

*TKN = total Kjehdahl N.

“N = NO,N + TKN.

vn = 3 (unfertilized substrate) and n = 2 (irrigation water).

g/container of N, Rand K, respectivelyrhe CRF was incer index was calculated as: (plant height + plant width) + 2.
porated on an individual container basis to ensure accurateThe experiment was terminatedAugust 12, 2004, 20 weeks
application rates and uniform distribution. Rooted cuttings after planting. Plant size index and shoot (aerial tissue) dry
of sweet viburnum\iburnumodoratissimum (L.) Ker-Gawl.] weight were determined on each of the 15 plants per plat-
grown as 700-mL liners (32 per trade tray) were transplanted form.
one per container on March 24, 2004. Containers were placed Runof and pourthrough solutions were analyzed for
on platforms at 32 containerff800 container/1003tin a NH,-N, NO-N (NO,-N), total Kjehldahl N (TKN), ortho-
square ‘pot-to-pot’ arrangement and watered by hand using phosphate Rortho-P), total RP), and K by thénalytical
a hose and breaker nozZl&e volume of water applied was  Research Laborataryniversity of Florida, Gainesvill@he
80 liters/nt (196 gal/100 f), which was sticient to thor analytical procedure farkKN did not include NQN. Weekly
oughly wet the substrat&he volume of drainage from this  nutrient load in rundfwas calculated by multiplying nutri-
initial watering was determined and samples were collected ent concentration by weekly rufi@blume.Weekly nutrient
for nutrient analyses in the same manner as fumafer loss on a pecontainer basis was calculated as weekly nutri-
samples. Containers were spaced at the end of week 13 byent load divided by the container density for that week. For
removing every other containdihis resulted in a density of ~ parameters collected on a weekly basis, the experiment was
16 container/rh(150 container/1003t until the end of the analyzed as a split-plot design with two blocks, four treat-
experimentThere were 30 containers per collection area for ments as main plots, and 20 weekly measurements as sub-
the 32 containersffrspacing and 15 containers per collec- plots. The four treatments were a factorial arrangement of
tion area for the 16 containefspacing. two irrigation rates and two fertilizer rates. If a week by treat-
Plants were irrigated daily with either 1 cm (IRR1; 0.39 ment interaction ééct was found to be significant and im-
in) or 2 cm (IRR2; 0.79 in) of water applied predawn (usu- portant, anANOVA was conducted for each week to help
ally at 0500HR) in one continuous application. In our expe- determine how the treatment response changed over time.
rience, IRR1 is normally sfi€ient for producing a sellable  Final plant size index and shoot dry weight data were ana-

sweet viburnum crop with this container and substiidte. lyzed as a randomized complete block desiddnANOVA
irrigation water was from a municipal source and contained tests were conducted using the PROC GLM procedure of the
low levels of N, Pand K (Rble 1). Rundfwater was col- StatisticalAnalysis Systenversion 8.0 (SAsstitute, Cary

lected on a weekly basis. No attempt was made to distin- NC).
guish the relative contributions of leachate versus un-inter
cepted irrigation wateWater samples from each weekly
runoff collection were filtered and stored frozen at —204F)
until nutrient analyses were performed. Water inputs and runoff volume. Weekly irrigation plus
After 1 week and every 3 weeks thereaftebstrate solu- rain (W) averaged 93 liters/nf228 gal/100 f) for IRR1
tion was extracted from five containers per platform by add- and 160 liters/mh(393 gal/100 fj) for IRR2.An interaction
ing 200—300 mL(6.8-10.4 fl 0z) of de-ionized watavhich (P < 0.05) between irrigation rate and weekHE 2) was
was enough to collect 120 m#.1 fl oz) of leachateThe due to higher rainfall (Fig. 1) and thus gredéduring the
pourthrough procedure was performed between (8B0 second half of the season (Fig. Water inputs for IRR1
and 090HR, 2 to 3 hours after irrigatioifhe poufthrough averaged 77 liters/h§189 gal/100 f) for weeks 1 to 10 and
extracts were filtered and stored frozen at —20C (—4F) until 110 liters/n% (270 gal/100 ) during weeks 1 to 20 while
nutrient analyses were performed. water inputs for IRR2 averaged 144 liters/f853 gal/100
Plant height, width, and size index were determined every ft?) for weeks 1 to 10 and 175 liters/(d30 gal/100 f}) for
3 weeks on five plants per platform. Plant height was the weeks 1 to 20.Total irrigation applied for IRR1 and IRR2
distance from the substrate surface to the top of the canopywas 1353 and 2674 litersfn3321 and 6563 gal/100?)t
Plant width was the average of two perpendicular measure- respectively Rainfall during the experiment totaled 52 cm
ments with one measurement being the widest. Plant size(20.5 in).The rainfall [520 liters/ (1276 gal/100 fj] was

Results and Discussion
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Table 2. Analysis of variance of the split-plot design used to evaluate irrigation rate and fertilizer rate effects on water inputs of irrigation plus rain
(W), runoff volume (RV) and losses of N, Pand K in runoff collected weekly during 20 weeks of sweet viburnum pduction.

Significance P > Fy

Nutrient loss in runoffY

Irrigation Runoff
ANOVA source df + rain® volume” N P K
Block 1 — — — _ _
Irrigation rate (1) 1 *hk *kk *k *k *k
Fertilizer rate (F) 1 NS NS ok xkk okk
I xF 1 NS NS NS NS NS
Main plot error 3 — — — _ _
Week 19 *kk *kk *kk *kk Kk
| x week 19 Hokk Hokek *kk kK sekeke
F x week 19 NS NS *kk *kk *kk
| x F x week 19 NS NS * e hiid
Sub-plot error 236 —_ — — _ _

INS, *, **, *** Non-significant or significant atP < 0.05, 0.01, or 0.001, respectively

YGrams/container

*Split-plot design with irrigation rate and fertilizer rate as main plot factors and week as sub-ploT ¢éataif = 319.
w iters/n.

equivalent to 28% of totalV for IRR1 and 16% of totalv percontainer basis, Rfor IRR1 and IRR2 was 44 and 98
for IRR2. Of the 52 cm of rain, 46 cm (18.1 in) or 88% fell liters/container (1.6 and 25.9 gal), respectiveBunof vol-
during weeks 1 to 20.TotalW for the experiment was 1869 ume as a fraction & was increased from 49 to 69% when
liters/m? (4587 gal/100 ) for IRR1 and 3190 liters/f{7830 the irrigation rate was increased from 1 to 2 cm/day-
gal/100 ft) for IRR2. On a pecontainer basis, this was

equivalent to 81 liters/container (21.4 gal) for IRR1 and 137 250
liters/container (36.2 gal) for IRR2. (A)
Weekly runof volume (R/) averaged 48 liters/m(118
gal/100 f?) for IRR1 and 11 liters/n? (272 gal/100 f) for 200
IRR2 with a significant® < 0.05) irrigation by week inter \
action (Tble 2).As noted withW, the interaction between 150 |

irrigation rate and week orMRwvas attributed to greater rain-
fall during the second half of the season. Rtmolume for
IRR1 averaged 32 litersAi79 gal/100 i) for weeks 1 to 10 100 A S
and 65 liters/rh(160 gal/100 f) during weeks 1 to 20 and
RV for IRR2 averaged 97 litersfr{238 gal/100 f)) for weeks
1to 10 and 126 liters/309 gal/100 fj) for weeks 1 to 20
(Fig. 2). Total RV was 966 liters/m(2371gal/100 ) for
IRR1 and 2225 liters/i(5461 gal/100 ) for IRR2. On a
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Fig. 2. (A) Weekly and (B) cumulative volumes of irrigation plus rain-
fall (W) and runoff (RV) during the production of sweet vibur
Fig. 1. Rain and air temperatures (T) during the experiment con- num in trade #1 (2.7 liter) containers. Irrigation was applied
ducted in Gainesville, Florida fom March 24 toAugust 12, daily at either 1 or 2 cm (0.39 0r0.79 in). Means wee aver
2004. aged over two fertilizer rates (n = 8).
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dence that IRR2 was excessive was found in the fact that the
increase in R from increasing the irrigation rate from 1 to 2
cm/day (1259 liters/A) represented 95% of the increase in
W attributed to the samefe€t (1321 liters/r¥).

Plant growth. Plant growth was &fcted P < 0.05) by both
fertilizer rate and irrigation rate independenthen aver
aged over the two irrigation rates, doubling the fertilizer rate
increased shoot dry weight 32% (53 vs 40 g/plant), plant size
index 1% [51 vs 46 cm (20.1 vs 18.1 in)], plant width 7%
[57 vs 53 cm (22.4 vs 20.9 in)] and plant height 15% [46 vs
40 cm (18.1 vs 15.7 in)The growth response to fertilizer

rate was elicited during the period from week 7 to week 10; o_

relative changes in shoot size index thereafter were not af-
fected P > 0.05) by fertilizer rate (Fig. 3). Doubling the irri-
gation rate decreasel € 0.05) shoot dry weight 6% (44.8
vs 47.7 g/plant), howevgplant size index was uriatted P

> 0.05).A reduction in shoot dry weight is further evidence
that IRR2 was excessive in this experiment.

Nutrient lossduring initial watering-in of transplants. Ini-
tial hand-watering of containers immediately after transplant-
ing liners resulted in nutrient lossafle 1). Of the 80 liters/
n? (196 gal/100 f) applied to wet the substrate and waer
transplanted liners, 40% or 33 liter$/(B1 gal/100 ) was
recovered as runbfThe runof contained relatively high
concentrations of all nutrients, and with the exception of K,
these concentrations were increased by the higher fertilizer
rate.While unfertilized substrate contributed low levels of N
and P to rundf K loss from unfertilized substrate was ap-
proximately half of that lost from fertilized substrate. Nutri-
ent losses as a percent of that applied in fertilizer were 3 to
4% for N, 1% for Pand 3 to 4% for K. Nutrient quantities
lost during initial watering-in of transplanted liners repre-
sented approximately 10% of total nutrient quantities subse-
guently collected in runbéfluring the experiment.

Nutrient loss in runoff. Both irrigation rate and fertilizer
rate afected nutrient loss in runfohnd the interaction be-
tween these two factors varied with week during the experi-
ment (Tble 2). In general, doubling the irrigation rate from
1to 2 cm/day had a greater relativieef in increasing nutri-
ent loss with FR15 than with FR30. With FRT15, dou-
bling the irrigation rate increased cumulative loss of N 34%
(852 vs 637 mg/container),3% (111 vs 80 mg/container),
and K 45% (694 vs 479 mg/containéfjith FRT30, dou-
bling the irrigation rate increased cumulative loss of N 21%
(1884 vs 1553 mg/container), P 28% (228 vs 178 mg/con-
tainer), and K 23% (1227 vs 997 mg/container). For most
weeks the above notedexts of irrigation and fertilizer rates
held true, howeverthere were some weeks wheréefs
were diferent (Fig. 4). For weeks 2, 3, 5, 6, 12, 13, and 15,
there was no é&ct (P < 0.05) of irrigation on rundN loss.
Also, during weeksILand 17 N loss was greater for IRR1
than for IRR2. During weekslland 17 significant rainfall
(Fig. 1) occurred apparently leaching N that had been accu-
mulating at a higher rate with IRR1 than with IRR2. In con-
trast, high rainfall in week 12 did notfeft N runof loss
similarly. This was likely because most of any accumulated
N had been leached during week 1

Increasing irrigation from 1 to 2 cm/day increased percent
N loss from 24 to 32% with FRL5 and from 29 to 35% with
FRT30. Similarly for Rincreasing irrigation from 1 to 2 cm/

J. Environ. Hort. 25(3)17-125. September 2007
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Fig. 3. Plant size index [(plant height + average plant widthy 2)] of

sweet viburnum grown in trade #1 (2.7 liter) containers. Con-
trolled-release fetilizer [Osmocote 18N-2.6P-10K (18-6-12),
8-9 month 21C (70C)] was incorporated at 15 or 30 g per con-
tainer. Means wee averaged overtwo irrigation rates (n =
40).The main effect of fertilizer rate was significant < 0.05)
for weeks 10, 13, 16, and 19 (v@gal bars represent 95% con-
fidence intervals).

day increased percentl®ss from 21 to 28% with FR5

and from 23 to 29% with FRB0. For K, increasing irriga-
tion from 1 to 2 cm/day increased percent K loss from 32 to
46% with FR'15 and from 33 to 41% with ARO. Research
has shown percent nutrient leaching losses with CRF in con-
tainer production to be 10 to 40% for N, 5 to 20% foarkel

20 to 40% for K (7, 8, 9, 13, 22, 26, 28, 30}hile our per
cent N and K loss results fell within the upper ends of the
above ranges, percentddses were higherigh Plosses in

this trial were likely due to the high temperatures and high
rainfall experienced during the second half of the experiment
(Fig. 1).

Nutrient loss in rundfwas greatest (Figs. 4, 5) immedi-
ately after planting (weeks 1 to 3) and during a 3 to 4 week
period immediately after containers were spaced (weeks 14
to 17). For all treatments, 16 to 25% of total N loss for the
experiment was recovered during week 1 and 30 to 35% by
week 3. For P14 to 19% of total Boss in the experiment
occurred during week 1 and 30 to 32% by week 3. For K, 17
to 22% of total K loss occurred during week 1 and 34 to 38%
by week 3. Early rundfiutrient loss was probably due to the
CREF itself which contained 17% imperfectly coated product
and therefore behaved as a relatively soluble fertilizer source.
The second period of increased nutrient loss (week 14 to 17)
may have been due to increased nutrient release from CRF
after spacing containers. By placing containers at a wider
spacing, greater radiation exposure to container walls can
increase substrate temperature (20, 24) and hence CRF re-
lease A similarly-sized spike in nutrient loss immediately
after spacing containers was not observed in a companion
trial with the same CRF (24), howey#re latter experiment
was conducted in the fall and containers were spaced when
temperatures and solar radiation levels were lower than in
the present experiment. Increased nutrient loss infdoof
ing the second half of the present experiment coincided with
significant increases in air temperatures (Fig. 1). Birrenkott
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Fig. 4. Weekly loss of nutrients in runof during the production of trade #1 (2.7 liter) sweet viburnum. Irrigation waterwas applied at 1 {0-) or 2
(—e—) cm perday (0.39 0r0.79 in) and contolled-release fetilizer [Osmocote 18N-2.6P-10K (18-6—-12) 8—-9 month 21C (70F)] was incorpo-
rated at 15 g (FRT'15) or 30 g (FRT30) per container. N = NO,-N + Total Kjeldahl N. A week x fetilizer rate x irrigation rate interaction (P <

0.05) was observed foeach of the thee nutrient elements. (n = 4).

et al. (5) reported a similar pattern of increased nutrient re- for specific areas which if exceeded, indicate that ecologi-
lease as temperatures increased during the transition fromcally-damaging nutrient enrichment may océws reported

spring to summer months.

Nitrate-N was the predominant form of N in ruhat-
counting for 68 to 70% of total N loss leavifigN account-
ing for 30 to 32% of total N los&mmonium-N accounted
for 24 to 32% of total N loss in rurfadr 77 to 99% off KN.
Orthophosphate-Rccounted for 89 to 92% of R linear

here, nutrient loads represent the potential for the movement
of nutrients away from the production area. Increasing the
irrigation rate increased nutrient load but decreased nutrient
concentration in runéfDoubling the irrigation rate increased
runoff NO,-N load 30% for FR15 (15.3 vs 1.8 g/nf) and

25% (34.6 vs 27.6 g/finfor FRT30 but decreased average

equation relating P (y) and ortho-P (x) concentrations (mg/ flow-weighted NQ-N concentration 46% (7 vs 13 mg/liter)

liter) in runof was found to be: y = 0.03 + 1.10%%(= 0.99,

n = 320).There was low variation in the distribution of N
and Pforms in runofdue to treatments indicating that irriga-
tion rate and fertilizer rate had greatefeef on the total
amounts of N and Bnd relatively little d&ct on the forms
of N and Fin runof.

for FRT15 and 43% (16 vs 28 mg/liter) for FBO.All treat-
ments except the IRR2/HRS5 resulted in average flow-
weighted NQ-N concentrations >10 mg/litethe maximum
allowable in drinking water (14). Similar results were ob-
served for ortho-P where doubling the irrigation rate increased
runoff ortho-Pload 40% (3.0 vs 2.2 gAnfor FRT15 and

Nutrient load is the mass of a nutrient element being moved 27% (6.1 vs 4.8 g/fiffor FRT30 but decreased average flow-
from one location to another (27). In many areas, regulatory weighted ortho-P concentration 42% (1.3 vs 2.3 mg/liter) for
agencies have established total maximum daily loads (TMDL) FRT15 and 44% (2.8 vs 4.9 mg/liter) for FBO. Since total
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Fig. 5. Cumulative loss of nutrients in runoff during the production of trade #1 (2.7 liter) sweet viburnum. Irrigation waterwas applied daily at 1
(-o-) or 2 (—-e—) cm and contolled-release fetilizer [Osmocote 18N-2.6P-10K (18—-6-12) 8—-9 month 21C] was incorporated at 15 gTFH
or 30 g (FRT30) percontainer. N = NO,-N + Total Kjeldahl N (n = 4).

maximum daily load (TMDL) assessmentgtzrortho-Rev- Nutrient concentrations in PT leachate followed the ob-
els of 0.1 mg/liter or less 11 16), results from this experi-  served duel peak pattern of PT EC, as exemplified by PT
ment indicate that runbfrom container production beds un-  NO,-N concentrations (Fig. 6). Lowest PT nutrient concen-
der the conditions imposed during this experiment exceededtrations were observed at week 7 when temperatures were
these concentrations and thus would be regarded as a potenapparently low enough to prevent high rates of nutrient re-
tial source of undesirable P enrichment of water resources. lease and previously released nutrients had been reduced by
leaching. Doubling the irrigation rate greatly reduced PT nu-

Pour-through leachatetests. EC of PTleachate was higher  trient concentrations. For example, during the second half of
at week 1 than at week 4, additional evidence for an initial the experiment for FR30, PTNO,-N was 50-90 mg/liter
burst of nutrient release from the CRF (FigA6%econd pe- with IRR1 but only 25-50 mg/liter with IRR2 and PT ortho-
riod of increased PT EC began around week 10 and peaked aP was 5-1 mg/liter with IRR1 but only 1-4 mg/liter with
week 16This corresponded to the second period of elevated IRR2 (data not shown). Similar reductions in PT nutrient con-
runoff losses observed during weeks 14 to 17 which we at- centrations due to the higher irrigation rate were observed
tributed previously to higher daily air temperatures and the with FRT15 but concentrations were low&ince plant size
spacing of containers. Doubling the irrigation rate reduced index was dected by fertilizer rate during weeks 7-10, PT
PT EC throughout the experiment reflecting the observed in- results at this point in the season may indicate genefal suf
crease in nutrient runofosses caused by the higher irriga- ciency levels. For weeks 7 and 10, PT N averaged over both
tion rate. irrigation rates was 29-63 mg/liter for F80 and 10-25 mg/
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Fig. 6. Pour-through EC and NQ-N concentration during produc-
tion of sweet viburnum in trade #1 (2.7 liter) containers. Over
head irrigation was applied daily at 1 cm (IRR1) or 2 cm (IRR2)
and controlled-release fetilizer [Osmocote 18N-2.6P-10K (18—
6-12), 8-9 month 21C (70F)] was incorporated at 15 g (FR5)
or 30 g (FRT30) per container. Vertical bars represent 95%
confidence intervals for interaction means (n = 20).

liter for FRT15. Similarly PT EC for weeks 7 and 10 was
0.7-1.0 dS/m for FR30 and 0.4—0.5 dS/m for FR5. Based

present study appeared to be associated with greater losses
during the second half of the season when temperatures were
relatively high for a longer period of time.

In conclusion, the results of this experiment support our
contention that the application of 1 cm of overhead irriga-
tion water per day is normally digient for producing mar
ketable-sized sweet viburnum in #1containers. Before rapid
shoot growth occurs, 1 cm per day supplies 200 mL of water
per container or one-third of the water holding capacity of
our substrate. Based on previous experience water usage
during this early stage of production is typically 0.3 to 0.5
cm or 60 to 100 mlper dayWhen rapid shoot growth oc-
curs (after week 7 in this experiment), water usage increases
rapidly so that by the time the sweet viburnum plants reach a
marketable size water usage is normally 2.0 cm or 400 mL
per containeiBeeson (3) reported that marketable-size sweet
viburnum required an average of 410 mL of water per day
over a two-year periodihe reason that 1 cm of irrigation
water per day is sfifient despite the plargrequirement of
1 to 2 cm of water per day during later stages of plant growth
is due to the capacity for sweet viburnum foliage to channel
irrigation water into the containers that would normally fall
between containers if no foliage was preseérd.have ob-
served sweet viburnum to increase capture of overhead irri-
gation > 200% when plants are nearing marketable size and
containers are spaced at 16 containérTinis indicates that
1 cm of irrigation water can provide > 2 cm of water to con-
tainers when sweet viburnum plants have well-developed
canopies and helps to explain why the application of 1 cm of
overhead irrigation water was §afent and 2 cm excessive
for growing sweet viburnum in this experiment.

Consequences of applying excessive irrigation in this ex-
periment were several-fold. Excessive irrigation decreased
plant shoot dry weight 6% and thideaft occurred irrespec-
tive of the amount of CRF applied. In other words, tfiecef
was not overcome by applying a greater amount of fertilizer
In this experiment, not only was IRR2 an fiwént use of
water and engl resources but it also reduced product qual-
ity. A second consequence of applying excessive irrigation
was increased rurfofolume.Approximately 95% of the in-
crease in the amount of irrigation water applied with IRR2

solely on PT results from this experiment, plant growth was Versus IRR1 was collected as rundifi plant nurseries, in-
reduced when PT N and PT EC during the early stages ofcreased runéfputs greater pressure on growers to control

rapid shoot growth were <25 mg/liter and <0.5 dS/m, re-
spectively

Nutrient loadsin runoff. Total runof N for IRR1 and IRR2
was 17 and 22 gftnrespectivelyfor FRT15, and 40 and
49g/nt, respectively for FRT30. Assuming two 20-week
crops per year using 75% of a site, equivalent N ifloafls
would be 250-330 kg/halyr (220-290 Ib/Alyr) from the N
application of 100 kg/ha/yr (980 Ib/A/yr) for FRL5 and
600-730 kg/halyr (540—650 Ib/Alyr) from the N application
of 2200 kg/ha/yr (1960 Ib/Alyr) for FRBO. Total runof P
loads were 2.2-3.0 gArior FRT15 and 4.8-6.1 g/frfor
FRT30.Assuming two 20-week crops per year using 75% of
a site, equivalent lunof loads would be 33-45 kg/ha/yr
(29-40 Ib/Alyr) from the P application of 150 kg/ha/yr (130
Ib/Alyr) for FRT15 and 72-92 kg/halyr (64 Ib/Alyr) from
the Papplication of 300 kg/halyr (270 Ib/Alyr) for FRO.
These rundfN and Hoads were approximately twice as great
as runof loads reported previously for a similar experiment

water movement within and away from production areas
within their nurseriesA third consequence of doubling the
irrigation rate was to increase leaching losses of applied nu-
trients 21 to 45% depending upon the nutrient element and
the fertilizer rate. One would expect that these increases in
nutrient losses would be greater during seasons with low rain-
fall. This is supported by the observation that greater nutri-
ent loss occurred for IRR1 versus IRR2 during weeks with
high rainfall which followed weeks with little rainfalVe
attributed this déct to the rain-induced leaching of nutrients
that had accumulated to a higher level in IRR1 containers
than in IRR2 containers. In contrast, one might expect that
excessive irrigation rates would have a reducéecebn
nutrient leaching during seasons with high rainfall.

Assessing the impact of fertilizer rate on rddo&ds was
complicated by the fact that doubling the fertilizer rate also
increased plant growth. Results indicate that F3provided
insufiicient nutrition for producing maximum growth of sweet
viburnum during this experiment. Enhanced plant growth dur

conducted in the fall (241). Greater nutrient loads in the ingweeks 7 to 10 indicated that the benefici@afof FR'30
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in part was to provide better nutrition during this stage of  13.Fernandez-EscohaR., M. Benlloch, E. Herrera, and J.J. Garcia-
early rapid growth rather than FES providing insufcient Novelo. 2004. Bect of traditional and slow-release N fertilizers on growth
nutrition later on in the seasdldthough an optimal fertilizer of olive nursery plants and N losses by leaching. Scientia Hortic. 101:39—
rate could not be determined from the two rates used in this

experiment it was Iikely between FE and FR30. Al- 14. Gold,A.J.,W.R. DeRagonV.M. Sullivan, and J.L. Lemunyon. 1990.
! . . . . Nitrate-nitrogen losses to groundwater from rural and suburban land uses. J.
though less than optimal in this experimentTER may be  Soil Water Consenvd5:306-310.

adequate under strategic irrigation schedules designed to mini- . o
mize Ieaching, especially during earIy stages of production 15.Grove_s, KM SWarren, andT.E. Bllder_b_ack. 1998. Irrigation
when highest Ieaching losses occmrduring seasons with volume, application, and controlled-release fertilizer Ife@fon substate

- . L9 solution nutrient concentration and watefiaéncy in containerized plant
lower rainfall. Weekly leaching patterns indicate that there production. J. Environ. Hort. 16:182-188.

may be limits to the capacity of irrigation management to _ L .
16. Havens, K.E. 1995. Secondary nitrogen limitation in a subtropical

m,mlmlz_e Ieachlng of applled nutrients durlng seasons with lake impacted by non-point source agricultural pollution. Environ. Pollution
high rainfall. 89:241-246.

In deciding optimal application rates of fertilizer and wa-
ter for producing a successful crop, growers must balance
running the risk of producing a substandard crop by apply- _ - N
ing too little fertilizer and/or water with running the risk of 1t8-,H“‘?“’dD-O-' and ISCt 'Véofrgjst 1f9i?9- Feirt'“s‘;_' Usmgndcy by §

. - . . . . _ containerised nursery plants. o. (0} eavy leaching an amage
reducmg proﬂts and mcre;asmg pOtentlal Wa'ge.r qua“ty pmb fertiliser prills on plant growth, nutrient uptake, and nutrient lasst. J.
lems by applying excessive amounts of fertilizer and water agric, Res. 50:217-222.

Greater precision in irrigation and fertilizer management is 19, Husby C.E. AX. Niemiera. J.R. Harri d R.DVriaht. 2003
s . . . P . .Auspy C.E.,A.X. Niemiera, J.R. Ralrris, an vrngnt. .

r.]?eded to m|n|m|_ze el.ther ”S%_[hlle the irrgation a.nd fer Influence of diurnal temperature on nutrient release patterns of three polymer

tilizer rates used in this experiment may not be directly ap- .oated fertilizers. HortScience 38:387—3809.

plicable_ to other growing situations_, our resul_ts_pro_vide fur 20.Ingram, D., C. Martin, and B. Castro. 1988. Container spacing

ther evidence that the rewards for |mproved Irrgation man- treatments influence temperature fluctuations and holly growth. Proc. Fla.

agement can be great. State Hort. Soc. 101:328-331.

21.Irmak, S. 2005. Crop evapotranspiration and cropficigrfits of
Viburnum odoratissimum (Ker-Gawl.).Appl. Engt Agric. 2:371-381.

17. Huett, D.O. 1997. Fertiliser usefiefency by containerised nursery
plants. 2. Nutrient leachingust. J. Agric. Sci. 48:259—-265.
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