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RELATIONSHIP AMONG IRRIGATION-MEDIA
REGIMES AND PLANT GROWTH*

by J. H. STERN, J. W. WHITE, R. L. CUNNINGHAM
and R. H. COLE**

SUMMARY

Factors limiting growth in media culture are oxygen, nutrients and water.
These factors are dependent on particle dia'neter, nutrient solution composi-
tion, and irrigation frequency. This study evaluated combinations of trickle
irrigation frequencies and particle sizes of media on the growth of Chrysanthe-
maen movifolion Rumat. irrigated with a complete nutrient solution. Plant
height, fresh weight, dry weight, and flower diameter were used to measure
growth. Media used were: coarse incinerated anthracite refuse, fine incinerated
anthracite refuse, and soil material from the B21 horizon of Gatesburg sand.
Irrigation frequencics were: once per day, four times per day at 4~h. intervals,
and constantly during the 13 daylight hours. Fine incincrated anthracite
refuse irrigated constantly and every 4 hours produced chrysanthemums
with significantly greater beight, fresh weight and flower diameter than other
treatments, whereas Gatesburg sand irrigated daily resulted in less growth
than other treatments. Excess water held in finer textured media causes
oxygen deficiency and substandard growth.

INTRODUCTION

Trickle irrigation applics water to the soil surface under low pres-
sure (1 x 108 dynes/cm?) at frequent intervals, and prevents mois-
ture stress. A complete nutrient solution can be injected into the
irrigation water to climinate water and nutrient stresses. With this

* Authorised for publication November 5, 1973 as paper uo. 4561 of the Journal series
of the Pennsylvania Agr. Exp. Sta, University Park, Pa. 10802, The authors gratefully
acknowledge support from The United States Agency for International Devvlopment
(U.S.A.LD.), through a 211 (d) grant to the Agronomy Departinent at The Pennsylvania
State University. The information and conclusions in this paper do nut nece ssarily reflect
the position of AID or the U.S, Government.

*% Rescarch Assistant, Associate Professor of Floriculture, Associate Professor of Suil
Genesis and Morphology, and Associate Professor of International Agronomy, respee
tively,
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system of irrigation, the supply of oxygen to roots can become a
limiting factor in soil. By using media of large particle size, aeration
is improved. 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 media of
3 sizes and the effect of irrigation frequency on the growth of Chry-
santhemum morifolium Ramat., using a complete nutrient solution
as irrigation water, and using coarse incinerated anthracite refuse
(IAR) fine IAR, and Gatesburg sand soil material as media. These
media are similar to certain Rhodesia soils. Chrysanthemums were
used in this study because they are a high value crop with a high
labor requirement, adopted to short tropical days, and suitable for
growing in developing countries, such as Rhodesia, for export to
Europe.

Hanan 7, pointing out the advantages of inert media over soil as
a rooting media in greenhouses, reported a 14% annual increase in
total carnation yicld, an increase in cut-flower quality, and a one-to-
three week shorter growing cycle for single pinched carnations. He
recommended particle sizes ranging from 20 to 0.3 mm 7. Kiplin-
ger recommended 12.7 to 6.3mm 8. Steinersuggested that the parti-
cle size of the inert media should be uniform for maximum porosity
and oxygen supply. Large particles allow more oxygen to diffuse
than small particles. Modification of particle size has been reported
to satisfy species with different oxvgen requirements: e.g., 4 mm
uniform-sized particles support tomatoes, but 14 mm uniform-sized
particles are required for carnations 9. Hanan noted that the media
should have a moisture content ranging from 18 to 23 liters per
square meter of bench area that has a depth of 17 em 7.

The ability of incrt media to supply the root system with freely
available water without inducing oxygen deficiency is their primary
advantage 19, The internal plant water potential is reduced by the
freely available water supply in inert media. The same low potential
cannot be attained in soils or soil materials without creating oxygen
deficiency. Provided that solar energy is sufficient for maximum
photosynthesis, the low water potential permits a faster growth
rate 7.
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MATERIALS AND METHODS

On Junc 30, 1972, Chrysanthemum morifolium Ramal. cultings of the
cultivar ‘BGA Southern Comfort’ were planted in two ‘V’ bottom, 1.14 X
10.7 m greenhouse benches, each divided into 12 plots 88.9 x 114.3 x 15.2
to 22.9 cm, 66 plants per plot. A randomized complete-block design with 3
replications including all combinations of daily, 4-hour, and constant irri-
gation with coarse TAR, fine TAR, and Gatesburg (Entic Haplorthod, sandy,
siliceous, mesic) sand 1321 horizon soil material 4 were used except that daily
irrigation was not used with fine LAR due to limits of space (Table 1). While
the amount of water used per day was not identical for all treatments,
excess amounts of irrigation solution were used to supply more than adequate
nutrients for each regime. Slight differences in the total nuttients applied
to cach treatment would be compensated by the excesses not utilized by the

plants,
TABLE 1
Media and irrigation regimes
Treat- Media Irrigation® Quantity
ment application applied, 1
1 Coarse [IAR Daity 22.8
2 Coarse IAR Every 4 h 30.4
3 Coarse TAR Constant 28.5
4 Fine IAR Every 4 h 30.4
5 Fine TAR Constant 28.5
6 Gatesburg soil Neily 22.8
7 Gatesburg soil ey 4 h 30.4
8 Gatesburg soil Constant 28.5
* Applications began at 0600 and ended at 1900 h.
TABLE 2
Soil analysis data for coarse IAR, fine IAR and Gatesburg Sand
% of sample % Saturation
Medium 20-2 <2 <03 «<0.05 Soil  DBuffer N Mg Ca
mm mm mm mm CliC pHl pHl
Coarsc IAR* sl 27 11.5 6 10.7 4.3 6.6 2.4 9.7 54.0
Finc IAR* 40 60 23.3 13 7.2 5.3 6.5 1.5 4.1 243
Gatesburg Sand ** 3 97 70.0 14 5.1 5.7 6.7 1.5 5.8 34.3

* Chemical composition:

horizon before a sample was taken for analysis,

Si0g - 50 to 759, Al203 ~ 30 to 37%,, Fez03 ~ 3 to 10%,

TIOz = 1 to 29, CaO) = 1 to 2%, MgO =1 to 2%}, K30 - | to 37,
NazQ - 0to 1%, and 803 - 0 to 19%,.
*+ Monocalcium phosphate was preplant incorporated at the rate of 4.25 Kgm-3 to Gatesburg sand B2
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Table 2 gives the characteristics of the 3 media used. The data indicate
that these materials are not inert. Particle size analyses were obtained by
the dry sieve technique for particles larger than 0.05 mm from a 2-kg sample
of each median and the hydrometer method was cmployed to determine the
percentage of silt and clay in the remaining material 2. Wider retention was
determined at 0, 10, 30, 50, 80, 100, 500, and 1000 ¢m of water for each of
three media using Tempe Pressure Cells.

Chapin Qoze irrigation headers were used with the daily and 4-hour
irrigation system, DuPout ‘Viaflo” polyethylene irrigation tubing was used
with the constant system. A controller with solenoid valves directed irri-
gation 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,
except the potassium level was 5 times that of Baker's solution since
chrysanthemums require high amounts of potassivm. Correction was made in
the solution for the amount of caleiunt and magnesium in the tap water used,
Calcium nitrate, magnesium sulfate, monopotassium phosphate, potassium
sulfate, and trace element mix * enriched with borax and iron** were used
to produce the following concentrations: 140 ppm N, 15 ppm I, 95 ppm K,
200 ppm Cat, 24 ppm Mg, 3 ppm Fe, 0.5 ppm B, 0.25 ppmn 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 injectors in series {one injected Ca(NOjg)a while the
other supplicd the other salts). The stock solution had a pH of 7.0 and a
conductivity of 71 » 10-5 mhos/cm.

Monocalcinm phosphate was preplant incorporated at the rate of 4.25
kg m-3 1o prevent the media from removing excessive amounts of phosphorus
from the solution. After 400 of constant leaching the pll of the leachate
ranged from 6.6 1o 7.2. The media was steam pasteurized with free flowing
steam for 1.5 h until all points in the beneh reached a mininmm of 82°C.

Plant height, fresh weight and flower diameter were measured for more
than 50 samples per plot. Seven subsamples of above ground parts from
cach plot were oven dried at 60°C for 48 h an‘l then weighed. Plant height in
centimeters was measured from the media surface to the tip of the meristem,.
Fresh weight in grams was the total weight of the stem, leaves, and {lower
immediately after harvest. Flower diameter in centimeters, was the maximum
distance across the petals of the flower. The commercial harvesting practice
of cutting as flowers matured was followed irrespective of treatments.

Harvest began 78 days after planting and continued at an increasing rate
until completion, 84 days after planting. According to The Society of Ameri-
can Florists Grading System, the highest grade for cut chrysanthenrums is
‘Standard’. Standard cut chrysanthemums weigh from 85 to 127.5 41, have
a flower diameter of at least 14 cm, and have a plant height of 76.2 (0 106.7
cm. This standard was used to evaluate the flowers in this experiment.

* Nutra-min (E. C. Geiger Co., Harleysville, Pa., USA).
** Sequestrine 330 Fe - (Geigy Chemical Co., Ardsley, NY, USA).
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RESULTS AND DISCUSSION

As irrigation regimes change, the characteristics of the media for
optimum growth change. Plots irrigated constantly with ‘Viaflo’
received oxygenated water due to the large surface of ‘Viaflo’ ex-
posed to the atmosphere. The water retention curves (Fig. 1) plot
water content in percent by volume against media matric tension in
centimeters of water. By taking the water tension value of 17 cm
(the bench depth) from the water retention curves and calculating
the number of liters of water retained per square meter, the following
values were obtained: for coarse IAR, 27.51 m~2; fine [AR, 44.7 ]
m~2; and Gatesburg sand, 7281 m=2. Hanan recommen-ed 18 to
23 1 m~2, Trickle irrigation apparently allowed the usc of a greater
variability in size of particles for greenhouse media even though
greater amounts of water were retained than for material 20 to
0.3 mm. Summation particle-size distribution curves are presented
in Fig. 2 for the 3 media. Treatments 5, 7, and 8 on Gatesburg sand
soil material contained 70 per cent material with particles less than
0.3 mm.

Means of plant height of all chirysanthemums produced in this
experiment were greater than 106.7 cm, the maximum allowed for
the standard grade {Table 3). This indicated that the flower induc-
tion period could have begun one week carlier. Hanan pointed out
that time to anthesis in carnations could be reduced by 1 to 3 weeks
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Fig. 1. Water retention of media,
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Growth parameters of chrysanthemutns (means of 3 replications)*

Treat- Medium Irrigation ITeight TFresh Flower Dry
ment (cm) wt. diameter wt.
() (cm) ()

1 Coarse JAR Daily 114.6 cf 87.7 ¢ 13.7¢ 174 a

2 Coarse IAR 4-hour 118.7cd 99.5d 14.2b 18.7 a

3 Coarse IAR Constant 123.8 be 108.3 ¢ 14.1 b 204 a

4 Fine IAR 4-hour 126.1 1 119.6 b 14.5a 224 a

5 Fine IAR Constant 135.4 a 132.5a 14.7 a 20.7 a

6 Sand Daily 109.8 ¢ 80.7 ¢ 13.1d 20.6 a

7 Sand 4-hour 121.2 be 107.3 cd 14.2b 19.6 a

8 Sand Constant 124,0 be 108.0¢ 14.0b 216 a

* Means within a column followed by the same letter are not significantly different at
the 52 level as determined by Duncin's modificd {Bayesian) Least Significant Difference

test,

by using inert media. ‘BGA Southern Comfort” is listed in commer-
cial catalogs as a ‘10 week’ chrysanthemum, but in this experiment
it flowered with just 7 weeks of short days, Early anthesis has been
a significant finding in other trickle irrigation and inert media re-

search 3667,
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Gatesburg sand material irrigated daily produced flowers with a
mean fresh weight of 80.7 g and flower diameter of 13.1 cm, both
parameters below the standard grade.

The tallest (mean 135.4 cm) and heaviest (mean 132.5 g) plants
were produced in treatment 5 (constant irrigation on fine [AR).
Treatments 4 and 5 produced the largest flowers, 14.5 and 14.7 cm
respectively. Within the two irrigations used in fine IAR, there were
significant increases in plant height and fresh weight, but not a
significant incrcase in flower diameter, under constant irrigation.
Plant height and flower diameter were significantly lower in treat-
ment 6 (daily irrigation on Gatesburg sand) than for other treat-
ments except treatment 1 (daily application on coarse TAR).

The large pore spaces in coarse and fine TAR allowed immediate
infiltration of irrigation solution, and only daily applications on
coarse IAR resulted in less favorable growth probably because of
water stress. In treatments 6 (daily irrigation on Gatesburg sand)
and 7 (4-hour irrigation on Gatesburg sand) water remained on the
surface of the media until 10 min. after irrigation. The more frequent
irrigation resulted in more favorable growth. Since the sand plots
remained near saturation throughout the experiment, the oxygen-
ated irrigation solution may not have infiltrated uniformly through
these plots to provide the roots with oxvgen nor frequently enough
in only daily application to supply oxvgenated solution.

The water retention curves indicate three relationships. First, the
water retention curve for Gatesburg sand shows very little release
of water until tensions greater than 15.2 to 22.9 em (depth of the
bench) are reached. The Gatesburg sand remained near saturation
throughout the experiment irrespective of irrigation treatments.
Steiner ? pointed out that oxygen conld be supplied to plant roots
in irrigation water.

Oxygen deficiency limited growth in treatment 6 (Gatesburg sand
irrigated daily) to a greater extent than in treatment 7 (Gatesbury
sand irrigated every 4 hours) and treatment 8 (Gatesburg sand irri-
gated constantly) since treatment 6 received oxygenated solution
less frequently. Better growth was realized when oxygenated solu-
tion was applicd more frequently.

Second, the slope of the curves for fine IAR and coarse TAR indi-
cate a sharp decrease in water content by volume as the tension
increases from O to 15 cm of water. Thus the 15.2 to 22.9 cm depth
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of the greenhouse bench created sufficient tension to remove sub-
stantial amounts of water from both fine IAR and coarse JAR,
allowing pore space for oxygen diffusion to roots, but this depth was
not sufficient for the finer-textured Gatesburg sand material. Within
a 30-minute period after the irrigation of plots of the Gatesburg sand
soil material, excess solution drained away; whereas the irrigation
solution held with less tension in the fine and coarse IAR drained
continuously at a decreasing rate between irrigations. This suggests
that the water in coarse IAR and to a greater extent in fine TAR,
was more available to plants than the water in Gatesburg sand soil
material.

Third, water content by volume of fine IAR in the 0 to 15 em of
water tension range was 109 greater than the content of coarse IAR,
With the greater water content, hydrautic conductivity would be
faster in fine IAR than in coarse IAR. The oxygen-water-nutrient
balance in fine TAR, irrigated constantly or every 4 b, produced the
best chrysanthemum growth.

CONCLUSIONS

I. Incinerated anthracite refuse is suitable media for the growth
of chrysanthemums.

2. “Viaflo’ can be satisfactorily used to supply nutrients, water,
and oxygen to plants,

3. Early anthesis occurs in chrysanthemums when grown with
inert media and trickle irrigation.

Reccived September 10, 1974
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