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Editor's Note: This is a research report with many numbers and con
clusions. It provides some interesting facts and figures in the very
complicated and often controversial area of fertilizers and media for
greenhouse production. It is not an easy or trivial subject.

Growth Response and Mineral Composition of
Petunia and Tomato . 1

to Various Nitrogen Treatments and Growing Media

2
Lu Ann Boyd

Abstract: Tomatoes and petunias were grown in 3 different media and
4 different nitrogen treatments. The media included: greenhouse mix,
greenhouse mix plus added lime, and Grower's choice (a peat-vermiculite
mix). The nitrogen treatments included: nitrate nitrogen, ammonium
nitrogen, high salts-ammonium, and Peter's Peatlite Special. The most
growth took place with the greenhouse mix-N03 or Grower's Choice- Peter's
treatments for tomatoes. The least growth, in any media, was in the
high salt treatment. The high pH-NH4 or greenhouse mix-high salt treat
ments resulted in the most growth of petunias, whereas, plants in the
Grower's Choice-N03 treatment had the least growth. With the NH4, sup
pression of Ca and Mg uptake were measured along with an increase in the
P uptake (except in the high pH mix) when compared to NOy Similar^
effects were found in the plants treated with Peter's Peatlite Special.

Review of Literature

The composition and growth of plants has been shown to be affected
by the form of nitrogen fertilizer used. Ammonium nitrogen generally
reduces growth and cation content of the plant tissue (^, 5, 6, 8). Sup
pressed calcium and magnesium uptake and increased phosphorus uptake
by the tissue resulting from ammonium nitrogen fertilization have been
demonstrated (3, ^t, 5, 6, 7, 8). It has been shown that counteracting
the acidity resulting from ammonium fertilization improves growth and
delays development of toxicity symptoms (l, 2).

The influence of the form of nitrogen fertilizer and media on the
growth and composition of tomato and petunia was investigated.

Materials and Methods

Tomato seeds cv. Campbell 1327 were germinated in Jiffy mix. Uniform
seedlings were transplanted 17 days after seeding to 1 liter plastic con-
tai ners.

Research project submitted to Dr. Gerald E. Wilcox for HORT 513, May 2,
1980.

"Graduate student in Agricultural Education.



-2-

Uniform petunia seedlings were transplanted to 1 liter plastic containers
at about the 6 leaf stage. The containers were filled with Purdue Uni
versity greenhouse mix, mix plus 2£ g/1 added lime, or Grower's Choice
Plant Growing Media (pkg. for Jiffy Products by Construction Products
Div., W.R. Grace & Co., Cambridge, MA 021^0).

Plants were grown in the greenhouse at 2k C/18 C night and day. An
automatic Chapin tube watering-fertilizing system was used to apply the
nutrient solutions. Plants were supplied with one of four solutions.
Three were modified hoagland solutions and the fourth was Peter's Peat
lite Special (15-16-17) applied at 200 ppm N. The solution compositions
were as follows:

Nitrogen Treatment Solutions

Stock Solution NOT NTT High salt/NH,

ViTT) (ml/1)
1 1.51.0 M KH P0,

(ml/1)
1

1.0 M KNO 5

1.0 MCa(N0 )2 5

1.0 M Mg SO, 2

0.5 MK2S04 -

1.0 M(NHZj)2S04
1.0 MCaCl2 -

2 3

5 7.5

7 7

5 7.5

Nitrogen Level 200 ppm N 200 ppm N 200 ppm N

All solutions were adjusted to pH 6.0 by adding 0.1N H SO,. The
solutions were applied for 10 minutes each morning and later for 15
minutes. Each treatment was replicated k times. Tomatoes were measured
weekly for the amount of growth and observations of the growth and re
sponse to the treatments of the petunias were noted. The tomato plants
were harvested 27 days and the petunias 29 days after the start of treat
ments by cutting just above the cotyledon with a razor blade.

The detopped plants were dried in a forced air dryer at 70 C,
weighed, and ground in a Wiley mill to pass a 20 mesh screen. Wet^ash-
ing of the ground material was in sulfuric acid and hydrogen peroxide.
The K, Ca, and Mg content was determined with a SP 90 atomic absorption
spectrophotometer. Total N was determined by the Ammonia-Nessler Method
and P by an ammonium molybdate procedure. Soil samples were also taken
and a greenhouse soil analysis was made using the saturated paste method
to determine the pH, soluble salts, NO^N, P, Nh^, and K.
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Results and Discussion

Grcwth. Tomato: The growth rate was lowest, in all media, with
the high salt N-treatment. As much as 32% more growth was obtained using
greenhouse mix over the other 2 media when NO was the treatment (Table
1). With the NH, treatment, plants growing in the high pH mix had as
much as 32% more growth than in the other 2 media. There was 36% more
growth in the high salt treatment using the high pH mix over Grower's
Choice. When fertilizing with Peter's, 23% more growth was obtained
using Grower's Choice over the greenhouse mix.

Comparing the N-treatment within a media, NO- resulted in as much
as 49% more growth over other treatments in the greenhouse mix. Plants
growing in the high pH media had from 11 to 40% more growth with the
Peter's Peatlite Special fertilizer (Fig. 2). Peter's Peatlite Special
was the best N-treatment for tomatoes growing in Grower's Choice by as
much as 64% over the other treatments.

Overall, the N-treatment and media combinations that resulted in
the most growth were the greenhouse mix-N0_ and Grower's Choice-Peter's.

Petunia: From 14 to 90% more growth was obtained using the green
house mix over the other 2 media when NO was the N-treatment (Table 1).
Plants growing in the high pH mix had as much as 74% more growth over
the other media when NH, was the source of nitrogen. There was 65%
more growth in the high salt treatment using the greenhouse mix over
the Grower's Choice. The most growth using Peter's was in the high pH
med ia.

Comparing the N-treatment within a media, the high salt treatment
resulted in from 5~53% more growth over other N-treatments in the green
house mix. Plants growing in the high pH mix had from 20-41% more growth
with the NH, treatment. Growth was very poor in Grower's Choice regard
less of the N-treatment; however, Peter's resulted in the most growth
in this media.

Overall, the N-treatment and media combinations that resulted in
the most growth were the high pH mix-NH and greenhouse mix-high salt.
The poorest growth was in Grower's Choice using NO as the source of
nitrogen. •*

Please see Appendix B for observations noted on the petunia growth.
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Table 1. Effect of the Nitrogen treatment and media on tomato and
petunia growth.

Dry weight(g.)

N-treatment grnhse mix high pH Grower's Choice

NO , tomato 3.90 2.64 3.17

NH-^, tomato 2.80 3.32 2.24

High salt, tomato 1.97 2.20 1.40

Peter's, tomato 3.01 3.71 3.90

N03, petunia 1-57 1-35 .15
NH^, petunia 1.29 1-70 .44
High salt, petunia 1.66 1.00 .57

Peter's, petunia .78 1.32 .59

Calcium. Tomato: All treatments and media provided Ca within the
optimum range except for those grown in Grower's Choice-NH,, -Peter's,
or -high salt (Table 2; appendix C). The high pH- NO treatment resulted
in the highest amount of Ca present in the tissue. This was 43% more
than in the Grower's Choice-NH, or -Peter's treatments, which had the
least amount of Ca.

For all media, the amount of Ca was greater in the NO, treatment
than in the other treatments. Regardless of the N-treatment, the plants
growing in the high pH mix had higher Ca content than those in the other
2 media.

Petunia: The treatments and media did not provide Ca within the
optimum range event for those grown in Grower's Choice-NO (Table 3;
Appendix C). This treatment provided 68% more Ca than the Grower's Choice
Peter's treatment, which had the least amount of Ca.

For all media, the amount of Ca was greater in the NO, treatment than
in other treatments. Plants grown in the greenhouse mix and supplied
with nitrogen in NH,, high salt, and Peter's had higher Ca content than
those grown in the other media.

Magnesiurn. Tomato: With the exceptions of greenhouse mix-high salt,
Grower's Choice- high salt treatments, all treatments provided Mg with
in the optimum range (Table 2; Appendix C). Grower's Choice-NO resulted
in the highest amount of Mg. This was 60% more than Grower's Cnoice-high
salt, which had the lowest Mg content.

For all media, the NO, treatment provided the highest amount of Mg,
with Peter's, NH,, and high salt treatments following. With the excep
tion of the high pH-high salt treatment, plants grown in Grower's Choice

~
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had the highest Mg content of all the other media, regardless of the
N-treatment.

Petunia: The only treatments that were within the optimum range
were those in Grower's Choice, regardless of the N-treatment (Table 3;
Appendix C). The highest amount of Mg was in Grower's Choice - NO^,
which contained 55% more than the lowest amount present.

For all media, the NO treatment provided the highest amount of
Mg. Regardless of the N-treatment, plants grown in Grower's Choice
had the highest mg content.

Table 2: The P, NH,, K, Ca, and Mg composition of tomatoes as influenced
by the N-treatment and media.

Med ia N-treatment Composition (% dry wt)

P NH^ K Ca Mg

Grnhse mix N03 .33 3.80 3.88 3-77 .74

•39 5-025 3.80 2.84 .49

High salt •50 5-025 3-31 2.79 .41

Peter's .51 4.85 4.31 2.90 •55

High pH NO

NH^

.39 4.40 4.22 4.00 .84

•36 4.40 3.55 2.90 .49

High salt •51 5.025 3-47 3.00 .44

Peter's .43 4.55 3.80 3-05 .57

Growe r's
Choi ce N03 .42 4.55 3-96 3.43 .91

High salt

.64 5.20 4.14 2.29 •50

.47 5.40 3.16 2.44 .36

Peter's .47 4.70 4.31 2.29 .70
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Table 3. The P, NH,, K, Ca, and Mg composition of petunias as influenced
by the N-treatment and media.

N-treatment Composition {%Media dry wt)

P NH^ K Ca Mg

Grnhse mix NO

NH^

.25 4.55 5-28 2.19 .41

.28 5.025 5-07 2.10 .34

High salt .24 4.25 5.07 1.86 .34

Peter's •36 4.85 5.07 1.67 •38

High pH N03
NH

•30 4.55 5-72 2.44 .42

.29 4.85 5.60 1.91 •36

High salt .24 4.55 5-49 1.77 .34

Peter's •35 5.025 4.97 1.63 .39

G rowe r's

Choi ce NO-

NH^

.22 4.55 4.31 3-43 •75

.39 5-025 4.68 2.00 .55

High salt .27 5.025 4.68 1.13 .67

Peter's •33 5.40 3-96 1.09 .55

Potass iurn Tomato: The K content of leaves was in the optimum range

for all treatments, except the high salt fertilized plants which had the
least K (Table 2 , Appendix C). The plants growing in the greenhouse mix
and Grower's Choice and fertilized with Peter's had the highest K content

followed by the high pH-NO treatment.

From the greenhouse soil analysis, the high salt treatment contained
the most K, regardless of the media (Table 4). Except for the greenhouse
mix-Peter's, Grower's Choice contained the most K of the media. All treat
ments except greenhouse mix-NO^ were not within the optimum range for K
(append ix C). 3

Petunia: The K content of leaves was in the optimum range for all
treatments (Table 3; Appendix C). Plants grown in high pH had higher K
content than those grown in other media, except for greenhouse mix-Peter's
Those grown in greenhouse mix had highest K content when fertilized with
NO . Plants in high pH -NO also had higher K content than when treated
wi?h other nitrogen sources. Plants in Grower's Choice media had the
most K when treated with high salts or NH^.
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From the greenhouse soil analysis, all treatments were outside the
optimum range for K (Table 4; Appendix C). The high salt treatment con
tained the most K, regardless of the media. Except for high pH-Peter's,
Grower's Choice contained the most K of the media.

Phosphorus. Tomato: The P content was in the optimum range for all
treatments (Table 2; Appendix C). The most P was present in plants grown
in Grower's Choice-NH,. There was 48% more P for this treatment than in
greenhouse mix-NO treatment, which contained the least P. Except in the
high pH mix, plants treated with NH, had a higher P content than NO plants
There was no difference in the high salt and Peter's treatments, in re
lation to media.

Peter's and high salt treatments of the greenhouse mix resulted in
the highest P content for this media. Under the high pH situation, the
high salt treatment resulted in the highest P content. Grower's Choice-
NH, resulted in the highest P content for this media.

The greenhouse soil analysis showed that the greenhouse mix-NO ,
-NH, and high pH NO , -NH, treatments were within the optimum range^for
P (Table 4; Appendix C). The difference in the high P (greenhouse mix-
Peter's) and low P (Grower's Choice-NO ) was 94%. The highest amount
of P for all media was with Peter's.

Petunia: The P content was in the optimum range for all treatments
(Table 3' Appendix C). The most P was present in plants grown in Grower's
Choice-NH,.

Table 4: Greenhouse soil analysis as influenced by media and N-treatment

N-Treatment Media pH Sol uble NO -N P NH K

sa It

(ppm)
Tomato NO- grnhse mix 6.6 140 52 6.7 1.5 96

high pH 6.9 240 130 5-8 3-0 140

G rowe r's 7.9 170 96 3.3 2.0 154

Choice

NH^ grnhse mix 5.4 420 36 8.5 18.0 154

high pH 5.7 360 32 9-9 21.0 190

G rowe r's

Choice 5-9 400 10 21.8 45.0 207

High
Salt grnhse mix 5-3 600 210 24.4 57.5 215

high pH 5-7 640 215 21.2 9-5 295

Growe r's 5.3 560 130 44.4 75-0 440

Choice

Peter' s grnhse mix 5-7 280 190 59-5 10.0 171

high pH 6.2 190 155 47.4 3.5 119
Grower's 7.0 110 100 57.1 4.0 79

Choice



Table 4. (Contd.)

N-Treatment Med ia pH Soluble

Salt

NO -N NH

Petunia NO. grnhse mix

high pH
G rowe r's

choice

grnhse mix
high pH
Grower's

choice

grnhse
high pH
G rowe r's

choice

grnhse mix
high pH
Grower's

choi ce

6.5
6.7
6.8

5.2

5.2

5-5

200

250

280

440

520

520

(ppm)
120

140

190

8.5
8.5

13.2

3-5
4.0

4.0

176

187
233

210

210

220

16.9
20.6

47.4

13.5
18.0

4.5

183
176
281

230

205
50

27-9
28.6

49.1

16.0

4.5
100.5

364

315

423

270

300

135

64.0

78.0
88.0

7-0

7.5
11.0

253

269
229

wh

w

Pe

NH,

High
Salt

Peter's

5-2

5-5

6.0

5.4
5.4
6.1

560
520

480

340
380
220

There was 43% more P for this treatment than in Grower's Choice-NO^,
ich contained the least P. Except in the high pH mix, plants treated

ith NH, had a higher P content than NO, plants,
eter's had the highest P content.

Plants treated with

Media

present in
resulting t
NO . High

treated with Peter's fertilizer had the highest P content
the media, also. The difference between the high and low P
reatments was 90%. NH, treatments had a higher P content than
salt was similar to NH, treatments (Table 4).

Nitrogen. Tomato: With the exception of Grower's Choice-NH,, -high
re within the optimum range for N (Table 2; Appendix Cj. The
between high N content and low was 29%. Grower's Choice-high
e highest amount of N in the tissue. The high salt treatment
was very high in N, regardless of the media. The NH, resulted
or the plants grown in greenhouse mix and Grower's Choice, but
he high pH mix. The greenhouse mix-NO resulted in the lowest

salt, all a
di fference

salt had th

and Peter's

in high N f
lower for t

N content.

The greenhouse soil analysis showed a very significant difference
between the high salt treatments of the media and the tissue composition
results (Table 4). It would appear that this might be due to experimental
error, since the high salt solution contained no NO source.

Petunia: Several treatments resulted in N content above the optimum
range (Table 3, Appendix C). The difference between high and low N was
21%. Grower's Choice-Peter's had the highest amount of N in the tissue. J
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The NH resulted in high N for the plants grown in greenhouse mix and
Grower's Choice, but lower for the high pH mix. Plants grown in Peter's
had a high N content. The NO treated plants had a lower NH^ content.

The greenhouse soil analysis showed the highest content of NH, in
Grower's Choice-high salt treatment (Table 4). The lowest amount was the
greenhouse mix-NO . There is a difference of 96% between Grower's Choice
-high salt and high pH-high salt treatments.

From this study, the most growth of tomato took place in the green
house mix - NO or Grower's Choice -Peter's treatments. For the petunia,
high pH -NH, or greenhouse mix - high salt treatments resulted in the most
growth. A decrease in the amount of Ca and Mg uptake and increase in P
uptake by plants fertilized with NH, were evident. The Peter's fertilizer
also resulted in a similar response. The high pH mix seemed to counteract
the acidity resulting from NH,. The decrease Ca and Mg uptake was not
observed. The high salt nitrogen treatment generally resulted in decreased
growth, except in the petunia trials where the greenhouse mix - high salt
treatment resulted in the most growth of petunias. This might be explained
by the buffering property of the mix.

The experiment illustrated the media-nitrogen treatment - mix pH-
plant interaction that affects the growth and composition of the plant
tissue. It should be helpful in selecting a media- nitrogen treatment
for maximum growth.
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APPENDIX B

Observation notes on petunia growth.

3/6/80
N0_-Grower's Choice

-other mixes

NH,-Grower's Choice

-other mixes

High salt-Grower's
Choi ce

-other mixes

Peter's - Grower's

Choice

-other mixes

3/13/80
NO -Grower's Choice

-other mixes

NH,-Grower's Choice

-Grnhse mix

-High pH
High salt-Grower's

Choi ce

-other mixes

Peter's - Grower's

Choice

-high pH
-grnhse mix

3/27/80 (harvest)
NO -high pH

Chlorotic

Normal

Very chlorotic
SI ightly chlorotic
Chlorotic

SI ightly chlorotic
Chlorotic

Norma 1

Much smaller, poor growth

Very good
Smaller, poor growth
Good

Very good

Smaller than other 2

Good

Poorer growth
Some chlorosis

Good

Uniform color, large foliage, not mottled and
edges smooth; side shoot development was good
with 5-6 per plant; stretching not excessive
but present - 9-10" wide at main basal leaves
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-grnhse mix

-Grower's Choice

NH,-high pH

-grnhse mix

-Grower's

Choice

High salt-high pH

-grnhse mix

-Grower's

Choi ce

Peter's

- high pH

-grnhse mix

-Grower's

Choice

-11-

Uniform color, large foliage, not mottled and edges
smooth; 5~6 side shoots, stretching not excessive
9" wide at main basal leaves.
Dark green, small foliage with interveinal chlorosis
and curled edges, stunted; very small side shoots,
not stretched; smallest plants of experiment. 4" wide.
Uniform color, 5_6 side shoots, some stretching -
8" wide.

Uniform color, 4-5 side shoots, not stretched as much
as high pH group- 7" wide.

Leaf tip chlorosis on older leaves, small foliage;
3~4 side shoots, non extending beyond basil leaf
spread-5 to 6" wide.
Uniform color and large foliage, 4-5 side shoots per
plant; not much stretching - 8-9" wide.
Uniform color and large foliage, 4-5 side shoots per
plant; not much stretching -7-8" wide.

Lower leaves chlorotic on tips; very little side shoot
development; 6" wide.
Most uniform growth over all for the 3 soils.
Uniform color; 5~6 side shoots, very tight internodes-
7-8" wide.
Uniform color, slightly smaller than high pH plants,
4-5 side shoots-7" wide.

Biggest of the Grower's Choice media plants; uniform
color, 4-5 side shoots; tight growth-6" wide.

OVERALL OBSERVATIONS

The high pH plants were best in every case while the Grower's Choice were
the smallest. The high pH plants were the most developed. Stretching
was not excessive on any of the treatments but more noticable on some.
Grower's Choice had chlorotic leaves (except with Peter's) while the fo
liage on the other treatments was smooth and appeared vigorous.

APPENDIX C

Greenhouse soil analysis optimum ranges

pH
Soluble Salts

Nitrate (NO )
Phosphorus \P)
Potassium (K)
Ammonium (NH,)

Optimum Range

6.0 - 7.0
less than 400

50 - 100 ppm
5-10 ppm
80 - 120 ppm
less than 15 ppm
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APPENDIX C (contd)

Optimum ranges for selected nutrients in plant tissue

Optimum Range
(% dry weight)

N 3-5 - 5-0
P .2 - 1.5

K 3.5 - 6.0
Ca 2.5 - 5-0
Mg -43- .86

************************************************

Delayed Transplanting of Tomato and Petunia
Seedflatsl

2
P. Allen Hammer and Terri Kirk

Seedflats often grow faster than they can be transplanted, thus
seedlings are often discarded or transplanted too large. Several growers
at the Bedding Plant Inc. meeting last fall asked about results of using
B-Nine SP or Alar on seedflats. Because of that discussion, we conducted
the following studies this spring.

Study I

In this study we sprayed tomatoes and petunias with 2500 ppm Alar
at the cotyledon stage and two weeks later. We observed little growth
control of the seedling in this study and suspected that the Alar con
centration was too low.

Study II

This study showed some exciting results in controlling the growth
of tomatoes and petunias in the seedflat. The seed were sown on April
8, 1980. The cotyledons were expanded 7~9 days after sowing with the
first true leaves visible 14-21 days after sowing. The treatments are:

thanks to Tom Davis, Geo. J. Ball Company, for supplying the seed used
in this study.

Associate Professor and Research Technician, Dept of Horticulture,
Purdue University.


