
A9NCY POR INTRNATIONAL DEVILOPMI.N. Foot 'ADUSE ONLY 
WASHINGTON, 0, . 20S23 

BIBLIOGRAPHIC ;PUT SHEET 
A. PRIMARY 

1. 5U9JFCVCL AS S I­i.BECT Agriculture "
 

FICATION 6 SECONDARY
 

Plant Physiology
 
2. TITLE AND SUBTITLE 

Trickle irrigation and media effets on growth of Chrysanthemum morifolium Ramat
 

3. AUTHOR(SI 

Stern, J.H.; White, J.W.; Cunningham, R.L.; Cole, R.H.
 

4. DOCUMENT DATE 5. NUMBER OF PAGES 6. ARC NUMER 
1973 	 7 pARC

7. REFERENCE ORGANIZAT!ON NAME AND ADDRESS 

Department of Agronomy, Pennsylvania State University.
 
University Park, Pennsylvania 16802
 

0. SUPPLEMENTARY NOTES (Sponsoring Organizaion, Publsher*#Avalfability) 

(InInternational Society of Horticultural Science. Technical Communications,
 
v. 38, pp.1975-1982)
 

9. ABSTRACT
 

Trickle Irrigation applies water to a fraction of the soil surface under low pressure
(1 X 106 Dynes/cm2 ) at frequent intervals, and prevents moisture stress. A grid

of 1.27 cm polyethylene tubes with outlets every 40 cm 
 (or greater, depending on the

crop) has been used to apply water by trickle irrigation crops. With Dupont "Viaflo"
 
spunbondeI polyethylene Irrigation tubing, 
water can be banded like fertilizer
throughout the complete length of the tube. A complete nutrient solution can be Injected
sinto the irrigation water to eliminate water and nutrient stresses. With this system of
irrigation, the supply of air to roots can become a limiting factor in soil. By using

media of large particle size, 
 lack of aeration can be reduced. Thus optimum growth takes
aplace when air, nutrients, and water are present in optimum proportions in the rhizo­
sphere for the crop being grown. The objective of this study was to evaluate the
effect of particle size and Irrigation frequency on the growth of Chrysanthemum
morifollum Ramat., using a complete nutrient solution as Irrigation water and Incinerated
anthracite refuse (IAR) and Gatesburg sand as media. The effects are detailed and dis­
cussed In this report.
 

10. CONTROL NUMBER 
II. PRICE OF DOCUMENT 

PN-AAB-880
 

12. 	DESCRIPTORS 

1i.PROJECT NUMBER
 

Chrysanthemums? 
 Trickle irrigation

Growth 


14. CONTRACT NUMBER
Nutrients 
 C-_n-1gQ32 211(d)
Soil texture 
 Is. TYPE OF DOCUMENT 

AID 590o1 (44741 ' . •• 
 I
 



TECHINICAL COMMUNICATIONS, 01 THE 
f 1./ 0INTERNATIONAL SOCIE- FOtR 

HORTICULTURAL SCI]4NCE d 

Secdon "Plant Substrats" 
Chairman Prof. Dr. F. Ponningsfeld 

PROCEEDINGS
 

SYMPOSIUM
 

ARTIFICIAL MEDIA IN
 

HORTICULTURE
 

Ghento 106543peme 1975 

X Do Ioodt 

C04• 
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Introduction 

Trickle irrigation applies water to a fraction of the soil surface 
under low pressure (I x 106 Dynes/CM2 ) at frequent intervals, 
and prevents moisture stress. A grid of 1.27 cm polyethylene tubes 
with outlets every 40 cm (or greater, depending on the crop) has 
been used to apply water by trickle irrigation to field growit crops. 
With DuPont "Viaflo" (E.I. DuPont DeNemours and Co., 
Wi I n gt Del.) spunbonded polyethylene irrigation tubing,ingto i, 
water can he banded like fertilizer throughout the complete length 
of the tube. A complete nutrient solution can be injected into the 
irrigation water to eliminate water and nutrient stresces. With 
this system of irrigation, the supply of air to roots can become a 
limiting factor in soil. By using media of large particle size, lack 
or aeration can be reduced. Thus optimum growth takes place 
when air, nutrients, and water are present in optimum proportions 
in the rhizosphere for the crop being grown (9). 

The objective of this study was to evaluate the effect of particle 
size and irrigation frequency on the growth of Chrrsanlhemum 
morifolium Ramat., using a complete nutrient solution as irrigation 
water, and incinerated anthracite ret'use ([AR) and Gatesburg 
sand as media. 

I The authors gratefully acknowledge support frm The United States Agency 
for International Development (U.S.A.I.D.), through a 211(d) grant to the 
Agronomy Department at The Pennsylvania State University. The informa­
tinl and conclusions inthis paper do not necessarily reflect the imition o 
AID or the U.S. Governmcnt. 

I Research Assistant. Asociate Professor of Floriculture, Amociat. Proceo 
or Soil Genesis and Morphology, and Asociate Professor of Inarnational 
Agronomy. respectivrly.
Experiment Station Journal Series No 4561. 
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Materials and methods 

On June 30th, 1972, Chrysanthtunm,morifolium Ramat. cuttings
of the cultivar "I3GA Southern Comlfirt" were planted in two "V" 
bottom gren'house benches 1.14 by 10.7 m, each divided into
12 plots t.9 by 114.3 by 15.2 to 22.) cm. A randomized complete
block drsiyt with 3 r'plications including all combinations of 
daily, .i-hoL, and ronstant irrigatiU, with coarse 1AR, line JAR,
andCastehl~ur'g sain (4)were used except that daily irrigation %sas 
not used %kh ntrliJAR due to limits ofspace (Table 1). While the 
amoumnt ofl.%tetr used per day was not identical for all treatments,
11orC thial .tdequLatC anlounts of'irrigation solution were used to 
prevent nutrient deliciency since plants do not absorb nutrients 
in the satne proportions as the solubility of the nutrient compounds. 

TABLE I 

Amount of Water Applied to Media 

Four Irrigations 

Media Constant 
OneOne0600Irigation(I) Beginning at Irrigation 

at 
0600 at 4-hour Beginning at 0600Intervals (I) Ending at 

1900 Ila 

Coane IAR 22,8 1 7.6 28.5Fine IAR Not Determined 7.6 28.5Gatesburg Sand 22.8 7.6 28.5Total per Dly 22.8 30.4 28.5 

The typical composition of anthracite refusc from central 
Pennsylvania is :50 to 75 % SiOe, 30 to 37 % A1203, 3 to 10 %
Fe2O3 , I to 2 0%TiO 2, I to 2 / CaO, 0 to 1 O/MgO, I to 3 % 
K20 and Na.,O, and 0 to %, SO3 . 

Water retention was determined at 0, 10, 30, 50, 80, 100, 500,
and 1000 cti of water for each of three media using Tempe Pressure
Cells (Soilmoisture Equipment Corp., Santa Barbara, California). 

The dry sieve technique was used to determine summation 
particle size distribution curves for particles larger than 0.05 min
from a 2 Kg sample. The hydrometer method was then employed 
to deterniince the prrcentage of' silt and clay in the remaining
material (2). Samples of each of the three media were submitted 
to the Mcrkle Soil and Forage Testing Laboratory (Pennsylvania 
State University) for soil analysis. 
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Chapin Ooze irrigation headers (Chapin Watermatics, Inc., 
Wlitcrtown, New York) were used with the daily and 4-hour irriga­
twn system. DuPont "Viaflo" (E.I. DuPont DcNe mours and 
0%, Wilmington, Del.) spunborided polyethylenir irrigation tubing 
7 11 lIng was used with the constant system. Nine Udle-Parmer 
.Mlastrtlex ((ole-Pirnier Instuinent Company, Chicago, Illinois) 
1,1riahle-speed tubing pumps with 113-liter tanks were used to 
imlp irrigation solution into the "Viaflo" tubing. A Rainbird 
Rain Clox fRainy Sprinkler Sales, Peoria, Illinois) controller with 
%olenoidvalves directed irrigation solution for 12 min. to the daily 
irrigation system and 10 min. to the 4-hour system. 

A modified Baker's solution was the irrigation solution for this 
strdy ,1). T1h- potassium level was 5 times that of Baker's solution 
ince chrtsanthemuims require high amounts of potassium. Correc­

tion was made- in the solution for the amount of calcium and mag­
nesiuin in the tap water used. Calcium nitrate, magnesium sulfate, 
rnionopotasqiiim phosphate, potassium sulfate, Nutra-min (E.C. 
(iger, Harleysville, Pa.) enriched with borax and iron (Seques­
trene 3,30 Fe) were used to produce the following concentrations 
141 ppm N, 15 ppm P, 95 ppm K, 200 ppm Ca, 24 ppm Mg,. 
3 ppm Fe, 0.5 ppm il, 0.25 ppm Mn, 0.01 ppm Cu, 0.14 ppm Zn, 
and 0.0014 ppm Mo. This solution was injected into the 4-hour 
and daily systems using 2 Merit injectors (Merit Industries Inc., 
Craston, Rhode Island) in series (one injected CaINO3)2 while 
the other -npplied the other salts). Fertilizer of the constant svstem 
was mixed directly in the 113-liter tanks. The stock solution 
had a pil of 7.0 and a conductivity of 71 millimhos!cm. 

Monocalcium phosphate was preplant incorporated at the 
rate of 4.25 Kg M- 3 to prevent the media from removing excessive 
amounts of phosphorus from the solution, as recommended by 
Kiplinger (8). After 40 hr. of constant leaching the pH of the 
leachate ranged from 6.65 to 7.2. The media was steam pasteurized 
with free flowing steam for 1.5 hr. until all points in the bench 
reached a minimum of 82 'C. 

The 66 rooted Chrysanthemum cuttings per plot were cultured 
according to c:ommercial practice for "Standard" cut Chry­
santhemums with modifications described above. 

Plant height, fresh weight, and flower diameter were measured 
for more than 50 samples per plot. Seven subsamples from each 
plot were randomly taken for the determination of dry weight. 
Plant height in centimeters was measured from ground level to the 
tip of the meristem. Fresh weight in grams was the total weight of 
the stem, leaves, and flower immediately after harvest determined 
with a Mettler 01200 electric balance. Flower diameter in centi­
meters, was the maximum distance across the petals of the flower. 
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Typical wholesale commercial har,csting practices were rollowed 
in this study: as flowers became matur they were harvested 
irrespective of treatments. The seven subsamples used for dry 
weight determinations included the total above-ground parts 
and were oven-dried at 60 'C for 48 hr. and theA weighed 48 hr. 
after removal. 

Results and discussion 

Summation particle-size distribution curves are presented in 
Fig. 1. While producing good Chrysanthemum growth, the media 
used in this experiment do not meet the size specification for 
preferred inert media as defined by Hanan (7) because the coarse 
JAR contained 11.5 % of particles smaller than 0.3 mm, the fine 
JAR 23.3 %, and Gatesburg sand 70.0%, while Hanan indicates 
that less than I % of this material was desirable. 

IA 
a.l
 

I"ANto 

"91~l ll.| U~ LIP so 

PARTICI I Silt NO 

1ir.I.- Summation Putide Siae o0Media. 

The water retention curves (Fig. 2) plot water Content in 

percent by volume against media. matric trnsion in c,'tinrters 

of water. By taking the values for 17 cm for water trom the water 
retention curves and calculating the number of liters of water 
retained per square meter, the following values were obtained: 
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Fig. 2---Water Rtention or Mledia. 

The results of"soil tests conducted at The Merkle Soil and 
Forage Testing Laboratory, as presented in Table 2, indicate that 

these media contain 6 to 14 01 silt and clay and would be able to 

supply some cations to plant roots. 
through thr 4-micron-The complete nutrient solution flowed 

diameter holes in the walls of the "Viallo" tubing and d id not plug. 

Algae growing in thc nutrient solution did occasionally plug the 
plastic tubing leading to the "Viaflo" tubing bef'ore' the plastic 

113-1iter tanks were coated with aluminum paint. 
Harvest began 78 days after planting and conth 1 at11dan 

increasing rate until completion, 84 days after planting. According 

to The Society of American Florists Grading "ystcm, the hoighest 

grade for cut Chrysanthemums istitled standard. Standard cut 
a flowr diameterChrysanthemums weigh from 85 to 127.5 g, have 

oupat least 14 cm,and have aplant height ort76.2 to 106.7 cm.This
 
o
standard was used to evaluate flowers inthis experim t. Means 

plant height of all Chrysanthemums producd in this experiment 

were greater than 106.7 cm,the maximum required for the standard 
gradr (Table 3). This indicated th e flower indution period 

cou,,- have begun one week earlier. Hanan pointed out that time 

to anthesis incarnations could be reduced by to 3 weeks by using 

inert mrdia. 'BGA Southern Comort' islisted in commercial
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TABLE 2 
bot An~tysis Data for Coarse IAR, Fine JAR and Gate.hurg Sand. 

Of I CEC Soil Buffer 1 0 S-turatioi'o ' U11,,Im pinp, pHmmI "cO.051ni pH . .K 'Mg Ca 

G)L. , 'AR I 27 I 6 10.7Fine I 1 ; 60 13 4.3 6.6 2.4 9.7 4U!'atehu, ; S.1- .17 14 7.2 5.3 6.5 1.5 4.1 24 j5.1 5.7 6.7 1.5 5.8 34 J 

Mum,.iCIrftl'. phoph.im w.as preplant incorporated at - 3the rate o 4.25 Kg m to Gatesburg serbdti c t .rnpIr .as i.ikc,; for analysis. 

TABLE 3 
Height, Fresh Weight, Flower Diameter and Dry Weight of 'BGS Southern Comfort'


Chrysanthemums (means of 3 replications).
 

Treatment Medium 

I2 Cn.,,, I R:.aric I \1R 
3 s C~a~rw IAR. 
4 Finc 1.\1 
5 
67 

Fine ]AR 
SandSand 

8 Sand 

Irrigation Heightg
(cm) 

F. Wt.* 
(g) 

Fl. D
(cm) 

Dry WI.* 
(g) 

Daily.hour 
Constant 
4-hour 
Constant 
Daily4-hour 
Constant 

114.6 ef118.7 cd 
123.8 bc 
126.1 b 
135.4 a 
109.8 e121.2 Ix: 
124..0 be 

' 17.7 e99.5 d 
108.3 c 
1196 b 
132.5 a 
80.7 c107.3 cd 

108.0 c 

13.7 c14.2 b 
14.1 b 
14.5 a 
14.7 a 
13.1 d14.2 b 
14.0 b 

17.4.j18.7 1 
20.4 a 
22.4 a 
20.7 a 
20.6 a19.6.1 
21.6 a 

Means within a coluni, fullowed by the same letter are not significantly different at the 5 % es.1determined by Duticana's Moified (Bayesian) Least Significant Diflirence Test. 
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r-jtalogs as a '10 weeks' chrysanthemum, hut in this experiment it 
iliweered in just 7 weeks of short days. Early anthesis has been a 
sWigiIhaiit tirldin in other trickle irrigation and inert media 
r #arf h ('1 5i, 7). 

Gi,,sbm~g satd irrigated daily produced flowrs with a mean 
tirsh %rT';lhti,1' 80.7 g and flower diameter of 13.1 cm, below the 
.mid,,rd gim. e, while treatment 5 (fine IAR irrigated constantly) 
prwhi(d II,,wrs %,itlt a mean flower weight (132.5 g) greater 
thin thit required for the standard grade. 

The tallest and heaviest plants were produced in treatment 5 
'constanIt irrigation on fine JAR). Treatments 4 and 5 produced the 
largest flowers. Within the two irrigations used on fine IAR, there 
%ere si, nilicant increases in plant height and fresh weight, but not 
asignili'art Intciase in flowe, diameter, under constant irrigation. 
Plant Iteight and floscr diameter were significantly lower in treat­
ment (I 'daily irrigation on Gatesburg sand) than for all other 
trealm'ints. Differences of treatment means of dry weight were not 
signifiant. 

The large pore spaces in coarse and fine TAR allowed imme­
diate inliltration of irrigation solution, but in treatments 6 (daily 
irrigatioi on Gatesburg sand) and 7 (4-hour irrigation on'sand) 
water rcmained on the surface of the sand until 10 min after 
irrigation. Since the sand plots remained near saturation through­
out the experiment, the oxygenated irrigation solution may not 
hase infiltrated unifbrmly through these plots to provide the roots 
with oxygen (9). 

The water retention curves (Fig. 2) indicate three relationships. 
First, the water retention curve for sand shows very little release 
of water until tensions greater than 15.2 to 22.9 cm (the depth of 
the b-nch) are reached. The Gateshurg sand remained saturated 
throughout the experiment irrespective of irrigation treatments. 
Steiner (9) pointed out that oxygen could he supplied to plant 
roots in irrigation water. Oxygen could have limited growth in 
treatmeint 6 (Gatesburg sand irrigated daily) to a greater extent 
than in treatment 7 (Gateshurg sand irrigated every 4-hours) 
and treatment 8 (Gatesburg sand irrigated constantly) since 
treatment 6 received oxygenated solution less frequently. 

Second, the slope of the curves for fine TAR and coarse JAR 
indicate a sharp decrease in water content by volume as the tension 
increases from 0 to 15 cm of water. Thus the depth ofthe greenhouse 
bench created sufficient tension to remove substantial amounts of 
water from both fine JAR and coarse JAR, allo%%ing pore space 
for oxygen diffusion to roots. 
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Within a 30-ininute period after the irrigation of the Gatcslrg
sand plots, all of the Icachate was collect.d from that irrigation,
whereas the iingation solution held with less tension in the fine 
and coarse I,\R 4-onninued to drain from these plots during the time 
bt't~ee: irrigations. This suggests that the water in coarse IAR,
and to a greater extent in fine IAR, was mere available than the 
watcr in (;atctlrg sand. 

Third, water content by volume of fine IAR in the 0 to 15 cm 
of water tcn.,io range was 10 0, more than the content of coarse
IAR. This increase resulted in a greater hydraulic conductivity
in fine IAR. The optimum oxygent-water balance in fine IAR,
irrigated constantly or every 4 hr., produced the best Chrysanthe­
mum growth. 
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