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'TRICKLE IRRIGATION AND MEDIA EFFECTS ON
'GROWTH OF CHRYSANTHEMUM MORIFOLIUM
e RAMAT.!

by

JH.Stern, JW. White, RL. Cunninghsm,
h : and R. H. Cole? '
Agronomy Department, Pennsylvania 16802,

-Introduction

Trickle irrigation applies water to a fraction of the soil surtace
under low pressure (1 x 10® Dynes/cm?) at frequent intervals,
and prevents moisture stress, A grid of 1.27 em polyethylene tubes
with outlets every 40 cm (or greater, depending on the crop) has
been used to apply water by trickle irrigation to ficld grown crops.
With DuPont “Viaflo” (E.I. DuPont DeNemours and Co,,
Wilmington, Del.) spunbonded polyethylene irrigation tubing,
water can be banded like fertilizer throughout the complcie length
of the tube. A complete nutrient solution can he injected into the
irrigation water to climinatec water and nutricnt stresses. With
this system of irrigation, the supply of air to roots can hecome a
limiting factor in soil. By using media of large particle size, lack
of 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 cvaluate the cffect of particle-
size and irrigation (requency on the growth of Chrysanthemum
morifolium Ramat., using a complete nutrient solution as irrigation
water, and incincrated anthracite refuse (IAR) and Gatesburg
sand as media.

! The authors grateflully acknowledge su from The United States Agency
for International Development (U.S.A.1.D.), through a 21i(d) grant to the
Agronomy Department at The Pennsylvania State Univensity. The informa-
tion and conclusions in this paper do not necessarily reflect the pasition of
AID or the U.S. Government.
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Agronomy, respeclively.
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Materials and methods

On June 30th, 1972, Chrysanthemum morifolium Ramat, cuttings
of the cultivar “BGA Southern Comfort” were planted in two “V"
bottom greenhouse benches 1,14 by 10.7 m, each divided into
12 plots 88.9 by 114.3 by 15.2 to 22,9 em. A randomized complete
block desiyn with 3 replications including all combinations of
daily, «i-hour, and constant irrigation with coarse IAR, tne AR,
and Gateshury sand {4) were used except that daily irrigation was
not used with fine IAR due to limits of space (Table 1). While the
amonnt of waier used per day was not identical for all treatments,
more than adequate amounts of irrigation solution were used to
prevent nutricnt deliciency since plants do not absorb nutrients
in the same proportions as the solubility of the nutrient compounds,

TABLE 1
Amount of Water Applied to Media
. Four Irrigations
Media - qumta_m
One lrrigation | 60d 2t hour | Beginning art
g at 0600
at 0600 (1) Intervals (1) Bes‘Endin at
1900 7!)
Coarse IAR 22,8 7.6 28.5
Fine IAR Not Determined 1.6 28.5
Gatesburg Sand 228 2.6 28.5
Total per Day 228 30.4 28.5

The typical composition of anthracite refuse from central
Pennsylvania is : 50 to 75 9, SiOy, 30 to 37 % Al3Os, 3 to 109,
Fea0y, 1 10 29 TiOg, 1 10 2% Ca0, 0 to 1 % MgO, 1 to 3 %
K:;0 and Nua:0), and 0 to 1 ¥, SO;.

Water rctention was determined at 0, 10, 30, 50, 80, 100, 500,
and 1000 cm 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 mm
from a 2 Ky sumple. The hydrometer method was then employcd

“to determine the percentage of silt und clay in the remaining
material (2). Samples of each of the three media were submitted
to the Merkle Soil and Forage Testing Laboratory (Pennsylvania
State University) for soil analysis,
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Chapin Ooze irrigation headers (Chapin Watermatics, Inc.,
Watertown, New York) were used with the daily and 4-hour irriga-
uon system, DuPont “Viaflo” (E.I. DuPont DeNemours and
* Co,, Wilmington, Del.) spunbonded polyethylene irrigation tubing
i mlong was used with the constant system. Nine Cole-Parmer
Masterllex (Cole-Parmer Instunnent Company, Chicago, Illinois)
variable-speed tubing pumps with 113-liter tanks were used to
pump irrigation solution into the “Viaflo” tubing. A Rainbird
Rain Clox (Rainy Sprinkler Sales, Pcoria, Illinois) controller with
wlenoid valves dirccted 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
study {1). The potassium level was 5 times that of Baker's solution
smce chrysanthemums require high amounts of potassium. Correc-
tion was made in the solution for the amount of calcium and mag-
nesinm in the tap water used. Calcium nitrate, magnesium sulfate,
- monopotassinm  phosphate, potassium sulfate, Nutra-min (E.C.
(eiger, Harleysville, Pa.) enriched with borax and iron (Seques-
trene 330 Fe) were used to produce the following concentrations :
140 ppm N, 15 ppm P, 95 ppm K, 200 ppm Ca, 24 ppm Mg,
3 ppm Fe, 0.5 ppm B, 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 Ca(NOj)z while
the ather <upplied the other salts). Fertilizer of the constant system
was mixed directly in the 113-liter tanks. The stock solution
had a pH of 7.0 and a conductivity of 71 millimhos/cm.

Monocalcium phosphate was preplant incorporated at the
ratc 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 lcaching 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 commercial practicc 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 [rom 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 #1200 electric balance. Flower diameter in centi-
meters, was the maximum distance across the petals of the flower.
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~ Typical wholesale commercial harvesting "practices were followed
in this study: as flowers became mature they were harvested
irrespective of treatments. The seven subsamples used for dry
weight dcterminations 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
prefecred inart media as defined by Hanan (7) because the coarse
IAR contained 11.5 % of particles smaller than 0.3 mm, the fine
JAR 23.3 9%, and Gatesburg sand 70.0 %, while Hanan indicates
that less than 1 9 of this material was desirable.

GAIESBURC
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(1] )] .0 2 2.0 11
PARTICLE SIZE mm ———i>

v“. 1. — Summation Particle Sive of Media.

The water retention curves (Fig. 2) plot watcr content in
percent by volume against media matric temsion in centimeters
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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“fur coarse IAR, 57.5 1 m-?; finc IAR, 44.7 1 m-%; and Gatesburg
jy{.’{nd,#—l 72.8 1 m~2. Hanan reccommended 18 1023 | m=2, - "~
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‘Fig. 2. — Water Retention of Media.

" The results of soil tests conducted at The Merkle Soil and
Furage Testing Laboratory, as presented in Table 2, indicatc that
these media contain 6 to 14 %, silt and clay and would be able to
supply some cations to plant roots.

The complete nutrient solution flowed through the 4-micron-
diameter holes in the walls of the “Viatio™ tubing and did not plug.
Algae growing in the nutrient solution did occasionally plug the
plastic tubing lcading to the “Viaflo” tubing before the plastic
113-liter tanks were coated with aluminum paint.

Harvest began 78 days after planting and continued at an
increasing rate until completion, 84 days after planting. According
to The Socicty of American Florists Grading System, the highest
grade for cut Chrysanthemums is titled standard. Standard cut
Chrysanthemums weigh from 85 to 127.5g, have a flower diamecter
of at least 14 cm, and have a plant height of 76.2 to 106.7 cm. This
standard was used to evaluate flowers in this experiment. Means of
plant height of all Chrysanthemums produccd in this experiment
were greater than 106.7 cm, the maximum required for the standard
gradz (Table 3). This indicated that the fAower induction period
cca’? have begun one week carlier. Hanan pointed out that time
to anthesis in carnations could be reduced by 1 to 3 weeks by using
inert media. '‘BGA Southern Comfort’ is listed in commercial
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TABLE 2

. dail Analysis Data for Coarse IAR, Fine IAR and Gateshurg Sand.

! i
o of o of Sl BufT % Saturation
AT ool 1 ®a i uffer o _
- Medium ‘ Sufuplc Sa?nplv CEC pH pH TR TR
P o2 mim < 0.05mm | K " Mg! G
| | : |
' :
i }
Coarse TAR ! 27 | 6 10.7 4.3 6.6 2.4 | 9.7 ,‘ 46
Fine 1AR i 60 ‘ 13 7.2 5.3 6.5 1.5 4.1 1 N
Gateshury Sand* ! 97 ; 14 3.1 67 6.7 1.5 58 i K

* Moncaalcium phosphate was preplant incorporated

before 4 sample was taken for analysis.

Heigi\l, Fresh Weight, Flower Diameter and Dry Weight of ‘BG
Chrysanthemums (means of 3 replications),

at the rate of 4.25 Kg m

TABLE 3

—
Jand
-3 to Gatesburg wr-

S Southern Comfort’

|
. . I Heighte F. Wt.* Fl. D* Dry Wi.0
Treatment ' Medium ' Irrigation (cm) &) (em) (g)

. . ]

! S Coare TAR T Daily 4.6 ef 47.7 ¢ 13.7¢ 1744
2 D Goarse IAR | 4-hour 1187c¢d ' 9954 142 b 18.74
3 } Coarse LAR Constant 1238bc ' 1083 ¢ 14.1b 2043
4 i Fine JAR 4-hour 126.1 b i 1196 b 145 a 242
5 Fine IAR | Constant | 13542 | 1325a 147a 2074
6 Sand Daily 1098 | 807e 13.1d 206 a
7 Sand 4-hour 1212bc + 1073 ¢d 142 b 19.6 a
8 Sand Constant 124.0 be | 108.0 ¢ 140b 216a

* Meaans within a column followed by the same letter are nos si
determuned by Duncan's Mudified (Bayesian) Least Significant

iflerence Test.

nificantly different at the 59, lev o
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catalogs as a ‘10 weeks’ chrysanthemum, but in this experiment it
lowered in just 7 weeks of short days. Early anthesis has been a
significant tinding in other trickle irrigation and inert media
research (4,9, 6, 7). :

Gateshburg sand irrigated daily produced flowers with a mean
fresh weirhit ot 80,7 ¢ and flower diameter of 13.1 ¢m, below the
standard giade, while treatment 5 (fine 1AR irrigated constantly)
produced flowers with a mean flower weight (132.5 g) greater
than that required for the standard grade.

The tallest and heaviest plants were produced in treatment 5
‘ronstant irrigation on fine IAR). Treatments 4 and 5 produced the
largest flowers. Within the two irrigations used on finc IAR, there
were sigmiicant increases in plant height and fresh weight, but not
a signibicant increase in flower diameter, under constunt irrigation,
Plant height and flower diameter were significantly lower in treat-
ment 6 (daily irrigation on Gatesburg sand) than for all other
treatments. Differences of treatment means of dry weight were nnt
gignificant,

The large pore spaces in coarse and fine AR allowed immc-
diate infiltration of irrigation solution, but in treatments 6 (daily
irrigation on Gatesburg sand) and 7 (4-hour irrigation on‘sand)
water remained on the surface of the sand until 10 min alter
irrigation, Since the sand plots remained near saturation through-
out the experiment, the oxygenated irrigation soiution may not
have infiltrated uniformly 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 bench) are reached. The Gateshurg sand remained saturated
throughout the experiment irrespective of irrigation treatments.
Steiner (9) pointed out that oxygen could be supplied to plant
roots in irrigation water. Oxygen could have limited growth in
treatment 6 (Gateshurg sand irrigated daily) to a greater extent
than in treatment 7 (Gatesburg sand irrigated cvery 4-hours)
and treatment 8 (Gatesburg sand irrigated constantly) since
trcatment 6 reccived oxygenated solution less frequently.

Second, the slope of the curves for fine TAR and coarse IAR
indicate a sharp dccrease in water content by volume as the tension
increases from 0 to 15 cm of water. Thus the depth of the greenhouse
bench created sufficient tension to remove substantial amounts of
water from both fine IAR and coarse IAR, allowing pore space
for oxygen diffusion to roots.
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Within a 30-minute period after the irvigation of the Gatesburg
sand plots, all of the leachate was collected from that irrigation,
whereas the irrgation solution held with less tension in the fine
and coarse AR continued to drain from these plots during the time
between irrigations, This suggests that the water in coarse [AR,
and to a greater extent in fine IAR, was mere available than the -
water in Gateshurg sand.

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