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Introduction and
purpose
Despite considerable interest in the use
of Moringa oleifera as a nutrient source,
gaps and inconsistencies in the
information on the nutrient content of this
interesting plant remain. There are many
reasons for this. The nutrient content of
newly harvested plant material naturally
varies with soil and climate as well as
season and plant age. Differences in
processing and storage procedures add
more variation; and the use of different
analytical techniques ampliﬁes the
variation further. For moringa leaves,
additional variation has been created over
time due to errors created as nutrient
content values are incorrectly copied from
source to source (30).
The purpose of this review is to summarize
the more recent scientiﬁc information
about the nutrient content of fresh Moringa
oleifera leaves and dried Moringa oleifera
leaf powder.

Moringa oleifera plant
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Methods
Literature Search: A search of the literature on the nutrient content of Moringa
oleifera leaves was performed using PubMed as well as internet searches, with an=
emphasis on locating original sources of information reported in the last 20 years.=
Papers in professional publications where the methods were described, and=
analyses from university and commercial labs specializing in nutrient analysis were=
included. One unpublished analysis of a sample of moringa leaf powder by a=
professional laboratory in 2011 was also included.
Types of leaves and processing procedures included: This summary provides data on=
the nutrient content of mature leaves. For dried leaves, values for sun, shade, and=
oven dried were utilized; but values for leaves which had been blanched, sulﬁted, or=
freeze dried were omitted as these procedures are less commonly available. Several=
authors provided data for different cultivars or harvests. Some of these authors=
provided data for each sample, and others averaged the samples together. When=
the data for individual samples were provided, the individual samples were=
averaged and used as one value.
Table construction: The nutrient data was compiled into tables providing the=
nutrient content of 100 grams of fresh leaves or dried leaf powder. A number of=
papers provided data based on the dry matter content of the leaves only. For these
papers, the nutrient
values were
converted to 100
grams of leaf or leaf
powder using the
moisture values
provided in the
paper. If the data
were provided on a
dry matter basis only
and the percent
moisture for that
sample was not
provided,
conversion to a the
Moringa powder with leaves on top
amount in fresh
leaves or leaf
powder was done
using the average moisture content of fresh or dried leaves. For nutrients where
more than two independent data sources were identiﬁed, the average and standard
deviation of the nutrient values provided was calculated. If only two values were
available, both were included as a range. If only one value was available, it is
provided. For fresh leaves the values were compared to those published in three
current reference sources: The United States Department of Agriculture National
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Nutrient Database3, Nutritive Value of Indian Foods from the National Institute of
Nutrition 18, India, and the World Health Organization West African Food
Composition Table46.
Contribution to Nutrient Needs: The table values were used to estimate the percent
of the nutrient needs of a 1–3 year-old child that would be provided by a typical
serving—1 tablespoon of dried leaf powder or 1 cup of raw fresh leaves. When no
original source data were available for a particular nutrient, the FAO West African
Food Composition Table values were used.

Results
Fresh Leaves
There is considerable variability in the nutrient values reported, especially for
minerals and fat-soluble vitamins (Table 1). For the B vitamins, no recently published
values were identiﬁed. Nutrient values are provided on a 100-gram basis, but for
practical purposes it is important to note that this is substantially more than one
person would consume as a single serving.

Dried Leaves
As is the case for fresh leaves, the reported nutrient content of dried leaves varies=
considerably (Table 2). Dried leaves are not included in the United States=
Department of Agriculture National Nutrient Database3,The Indian Council of=
Medical Research Nutritive Value of Indian Foods 18, or the Food and Agriculture=
Organization West African Food Composition Table46. Nutrient values are provided=
on a 100 gram basis, but for practical purposes 5 grams (15 mL or 1 tablespoon) is=
a reasonable serving size.

Contribution to Nutrient Needs
Table 3 provides a comparison of the nutrient content of one tablespoon (5 grams)=
of dried moringa leaf powder and 1 cup (20 grams) of fresh leaves to the nutrient=
needs of 1–3 year old children. Both dried and fresh leaves appear to contain a=
substantial amount of the magnesium, iron, folate, and vitamins B-6, A, C, and E=
young children need. They are also a moderately good source of calcium, niacin,=
protein and dietary ﬁber. A 1 cup serving of fresh, raw leaves appears to be a better=
source of a number of vitamins, especially vitamin C. However, vitamin levels will=
likely drop if the leaves are cooked. It is important to note that for many of these=
nutrients the data is limited or highly variable.
Table 4 provides a comparison of the nutrient content of one tablespoon (5 grams)=of
dried moringa leaf powder and 1 cup (20 grams) of fresh leaves to the nutrient=needs
of pregnant and lactating women. Both fresh and dried leaves provide=substantial
sources of vitamins A and E, and fresh leaves provide a substantial=amount of vitamin
C. Moringa leaves also appear to provide moderate amounts of=calcium, magnesium,
iron, thiamin (dried leaves) and vitamin B-6. In adults, two=servings per day might be
used to increase nutrient intake.
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Protein Quality and Digestibility
In addition to the overall amount of protein in a food, it is important to consider the=
essential amino acid content of the food protein as well as its digestibility. Moringa=
leaf protein amino acid content compares favorably to the World Health=Organization
scoring pattern (Table 5). There are no reports of moringa leaf=digestibility using the
current gold standard, rat digestibility. However, there are two=studies using
incubation with digestive enzymes which have yielded results ranging
33

from 56% to 89%10. Protein digestibility of 56% is low, but 90% is high compared
to the digestibility of other plant proteins.
Table 1: Nutrient content of 100 grams fresh, raw Moringa oleifera leaves.
Amount in 100 grams (about 5 cups or 1.25 L)

Nutrient

reference

Energy (Kcal, MJ)48
Moisture (mg)9, 23,
24, 29, 31, 33, 36, 39, 41, 45,
48, 49

Protein (g)9, 29, 31, 33,
39, 48, 49

Carbohydrates
(g)33, 39
Fiber, crude (g)A, 9,
33, 48

Average USDA National Nutritive Value FAO West African
Nutrient
of Indian
Food Composition
+/- std
Database3
Foods 18
Table46
deviation
86.6 kcal,
0.36 MJ

64 kcal, 0.27
MJ

92 kcal, 0.38
MJ

86 kcal, 0.36 MJ

76.4 +/3.01

78.7

75.9

76.5 +/- 1.9

8.8 +/3.72

9.4

6.7

8.3 +/- 0.7

7.6- 12.5

8.3

12.5

9.6

2.2 +/1.01

2

0.9

2.0

na

na

na

Fiber, total dietary (5.3 – 7.3**
(g)A (1, 37)
)
Fat (g)9, 33, 39, 48

1.5 +/0.37

1.4

1.7

1.2 +/- 0.5

Ca (mg)33, 48, 49

532 +/378.8

185

440

434 +/- 181

P (mg)9, 48

90 – 112

112

70

90 – 112

Na (mg)9

16

9

na

4–9

K (mg)9, 33, 48

414 +/302.7

337

na

337 – 470

Mg (mg)33, 48

26 – 151

147

na

70 +/- 67

Fe (mg)33, 48, 49

10.8 +/6.04

4

0.85

6.1 +/- 4.0 D

Zn (mg)33, 48

0.3 – 1.3

0.6

na

0.6 – 1.1
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Table 1: Nutrient content of 100 grams fresh, raw Moringa oleifera leaves.
Amount in 100 grams (about 5 cups or 1.25 L)
Nutrientreference

Average USDA National Nutritive Value FAO West African
Nutrient
of Indian
Food Composition
+/- std
Database3
Foods 18
Table46
deviation

Cu (mg)

(0.23 +/0.125 B)

0.15

na

0.11 – 0.21

Thiamin (mg)

na

0.26

0.06 E

0.23 +/- 0.02

Riboﬂavin (mg)

na

0.66

0.05

0.73 +/- 0.49

Niacin (mg)

na

2.22

0.8

2.7 +/- 0.05

Vitamin B-6 (mg)

na

1.2

na

1.2 – 1.2

Folate (µg)

na

40

na

40 – 370

1286 +/689

378

1640

738

162 +/63.0

52

220

164 +/- 79

25

na

na

3.07

Vitamin A (µg
RAE)C, 23, 24, 32, 36, 41,
47, 49

Vitamin C (mg)6, 7, 8,
45, 47, 49

Vitamin E (mg)49
A

Crude ﬁber measures signiﬁcantly underestimate dietary ﬁber for humans.

B

When values for fresh leaves were not available and drying would not be expected
to impact nutrient content signiﬁcantly, an estimated value calculated using the
value for dried leaves adjusted for the differences in moisture content is provided.
C

Estimated from µg b carotene using 12 µg beta carotene = 1 µg RAE. This likely
underestimates actual vitamin A activity slightly as other carotenes contribute to
vitamin A activity, though to a lesser extent than beta-carotene.
D

source indicates data is of poor quality

E

This value may be an error which occurred when the value was copied forward
from older references.30
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Table 2: Nutrient content (mean +/- std dev) of dried Moringa oleifera
leaves.
Nutrientreference

Nutrient amount in 100 g
(300 mL or 1.25 cups)

Energy (Kcal, MJ)1, 17, 48
Moisture (mg)1, 17, 21, 22, 33, 34, 39, 48

304 +/- 87 kcal, 1.3 +/- 0.36 MJ
7.4 +/- 2.89

Protein (g)1, 4, 16, 17, 20, 21, 22, 25, 27, 28, 33, 34, 37, 39, 40, 42, 44, 48

24 +/- 5.8

Carbohydrates (g)1, 17, 25, 33, 37, 39

36 +/- 9.2

Fat (g)1, 4, 17, 22, 25, 33, 34, 37, 39, 42, 44

6 +/- 2.5

Fiber, crude (g)A, 22, 33, 34, 48

9 +/- 7.45

Fiber, total dietary (g)A, 1, 37

20.6 – 28.6

Oxalate (g)20, 35, 41

2.6 +/- 1.25

Tannins (g)27, 28
Ca (mg)1, 4, 5, 7, 16, 17, 19, 20, 21, 22, 25, 33, 34, 40, 41, 42, 43, 48

1.2 – 1.4
1897 +/- 748.4

P (mg)1, 5, 7, 16, 17, 20, 21, 22, 25, 34, 40, 41, 48

297 +/- 149.0

Na (mg)1, 4, 5, 16, 21, 40

220 +/- 180.0

K (mg)1, 4, 5, 16, 17, 19, 20, 21, 33, 40, 45

1467 +/- 636.7

Mg (mg)1, 4, 5, 7, 16, 17, 20, 21, 25, 33, 40, 43, 48

473 +/- 429.4

Fe (mg)1, 5, 7, 16, 17, 19, 20, 21, 26, 33, 40,43, 48

32.5 +/- 10.78

Zn (mg)1, 5, 17, 19, 20, 21, 25, 26, 33, 40, 43, 48

2.4 +/- 1.12

Cu (mg)1, 5, 7, 16, 17, 19, 20, 21, 25, 26, 40

0.9 +/- 0.48

Thiamin (mg)17
Riboﬂavin (mg)17, 43

2.6
1.29 – 20.5

Niacin (mg)17

8.2

Vitamin B-6 (mg)1

2.4

Folate (µg)43

540

Vitamin A (µg RAE)B, 1, 24, 32, 40
Vitamin C (mg)1, 41, 43
Vitamin E (mg)17, 38

3639 +/- 1979.8
172 +/- 37.7
56 – 113

A

Crude ﬁber measures signiﬁcantly underestimate dietary ﬁber for humans. The
total dietary ﬁber value provided is based on the ﬁber content of the dried leaves.
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Table 2: Nutrient content (mean +/- std dev) of dried Moringa oleifera
leaves.
Nutrient amount in 100 g

Nutrientreference

(300 mL or 1.25 cups)
B

Estimated from µg beta-carotene using 12 µg beta-carotene = 1 µg RAE, this likely
underestimates actual vitamin A activity slightly as other carotenes contribute to
vitamin A activity, though to a lesser extent than beta-carotene.

Table 3: Contribution of fresh and dried Moringa oleifera leaves to the
nutrient needs of 1–3 year–old children.
Nutrient content of Moringa
oleifera

Nutrient

Energy
(Kcal, MJ)

5 g (1 Tbsp) 20 g (1 cup)
moringa leaf fresh moringa
powder
leaves

Recommended
Percent of
nutrient
recommendation provided
intakeA
by…

1–3 year old
child

5 g (1 Tbsp)
moringa leaf
powder

20 g (1 cup)
fresh
moringa
leaves

15.2 kcal,
0.064 MJ

17.3 kcal,
0.072 MJ

1098 kcal, 4.6
MJ

1

2

Protein
(g)

1.2

1.76

13

9

14

Fiber,
total
dietary
(g)

2.0 B

1.3 B

19

11

7

Ca (mg)

95

106 B

700

14

15

Mg (mg)

23.65 B

5.2 – 30.2 B

80

29

6.5 – 38

Fe (mg)

1.625 B

2.16

7 (14)C

23 (12)

31 (15)

Zn (mg)

0.12

0.06 – 0.26 B

3 (6 C)

4 (2)

2 (1)

Thiamin
(mg)

0.13 B

0.05 B

0.5

26

9

0.06 – 1.0 B

0.15 B

0.5

12 – 200

29

Niacin
(mg)

0.41 B

0.74 B

6

7

12

Vitamin
B-6 (mg)

0.12 B

0.24 B

0.5

24

48

Riboﬂavin
(mg)

8

Folate
(µg)

27 B

41

150

18

27

Vitamin A
(µg RAE)

182 B

258

300

61

86

Vitamin C
(mg)

8.6

32.4

15

57

216

Vitamin E
(mg)

2.8 – 5.6 B

5

6

46 – 93

83

A

Values are from the references 11 – 15.

B

For these nutrients the amount of data is limited or the data is highly variable.

Table 3: Contribution of fresh and dried Moringa oleifera leaves to the
nutrient needs of 1–3 year–old children.
Nutrient content of Moringa
oleifera

Nutrient

5 g (1 Tbsp) 20 g (1 cup)
moringa leaf fresh moringa
powder
leaves

Recommended
Percent of
nutrient
recommendation provided
intakeA
by…

1–3 year old
child

5 g (1 Tbsp)
moringa leaf
powder

20 g (1 cup)
fresh
moringa
leaves

C

The value provided in parentheses is for vegetarian diets.
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Table 4: Contribution of fresh and dried Moringa oleifera leaves to the
nutrient needs of pregnant and lactating women (See Table 3 for the
nutrient content of the leaves)
Percent of
recommendation
provided by…

Percent of
recommendation
provided by…

5 g (1
20 g (1 Recommended 5 g (1 20 g (1
Recommended
cup)
cup)
nutrient intake for Tbsp)
nutrient intake Tbsp)
Nutrient second trimester moringa fresh
moringa
fresh
for ﬁrst year of
leaf
moringa
leaf
moringa
of pregnancyA
lactation A
B
B
B
powder leaves
powder leaves B
Energy
2700 kcal, 11.3
(Kcal, MJ)
MJD

1

1

2700 kcal,
11.3 MJD

1

1

Protein
(g)

71

2

2

71

2

2

Fiber,
total
dietary
(g)

28

7B

5

29

7B

4

Ca (mg)

1000

9

11 B

1000

9

11 B

Mg (mg)

350

7B

1 – 9B

310

8B

2 – 10 B

Fe (mg)C

24 (54)

6 (3)B

8 (4)

9 (18)

18 (9)

24 (12)

Zn (mg)C

11 (22)

1 (0.5)

1 – 2 (0.5
– 1)B

12 (24)

1 (0.5)

1 – 2 (0.5
– 1)B

Thiamin
(mg)

1.4

9B

3B

1.4

9B

3B

Riboﬂavin
(mg)

1.4

4 – 71 B

10 B

1.6

4 – 62 B

9B

Niacin
(mg)

18

2B

4B

17

2B

4B

Vitamin
B-6 (mg)

1.9

6B

13 B

2.0

6B

12 B

Folate
(µg)

600

5B

7

500

5B

8

Vitamin A
(µg RAE)

770

24 B

33

1300

14 B

20

Vitamin C
(mg)

85

10

38

120

7

27

Vitamin E
(mg)

15

19 – 37 B

33

19

15 – 29 B

26

10

A

Values are from the references 11 – 15.

B

For these nutrients the amount of data is limited or the data is highly variable.

C

The value provided in parentheses is for vegetarian diets.

D

Energy needs estimated for a 25-year-old woman who is 5’4” (1.63 m) tall, weighs
126 lbs (57 kg) and is active for 60 minutes or more per day.

Table 5. Essential amino acid content and comparison to WHO 2007 amino
acid scoring patterns (mg amino acid/gram protein).2
Essential
amino
acidreference

Moringa oleifera leaf amino
acid content (mean +/- std
dev)

His 16, 17, 20, 28,

Adult amino
1 – 2 year-old amino
acid
acid requirements 2
requirements 2

25.8 +/- 8.19

15

18

58.7 +/- 34.8

30

31

58.7 +/- 15.0

45

52

83.8 +/- 13.9

59

63

32.7 +/- 3.69

22

26

40

94.5 +/- 13.31

30

46

Trp16, 20, 28, 40

21.6 +/- 15.65

6

7.4

62.7 +/- 15.45

39

42

40.7 +/- 5.93

23

27

37, 40

Ile16, 17, 20, 28, 37,
40

Lys 16, 17, 20, 28,
37, 40

Leu 16, 17, 20, 28,
37, 40

Met + Cys 16,
28, 40

Phe + Tyr 28, 37,

Val16, 17, 20, 28,
37, 40

Thr 16, 17, 20, 28,
37, 40

Conclusion
Moringa oleifera has been given a lot of attention as a nutrient source, and has been
studied more than many other plants. The published data on the nutrient content of
this interesting plant is quite variable, both in terms of quantity of information and
differences between published sources. Much of the variability is likely due to
differences in soil, climate, and plant age; and processing techniques such as
drying clearly impact vitamin content. If Moringa oleifera is utilized as a part of a
supplemental feeding program, samples should be analyzed periodically
throughout the program to ensure that planned nutrient targets are being reached.
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In addition, more information about the nutrient content and digestibility of this
plant would be helpful, especially: (1) an analysis of B-vitamins and dietary ﬁber
using current methodologies, (2) an analysis of how soil type, soil mineral content
and plant age impact the mineral content of the leaves, (3) an analysis of how sun,
shade, and oven drying impact vitamin content, (4) an analysis of how digestible the
protein and other nutrients in the leaves are.
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Vermicompost Tea Sprays for Controlling Disease in
Cucumis sativus ‘Marketmore 76’
Kate J. Myers and Noah P. Elhardt

Abstract
Vermicompost contains signiﬁcant numbers of biological organisms capable of
suppressing plant diseases on leaf surfaces. This study, done at ECHO in southwest
Florida during the spring of 2011, was conducted to evaluate the potential of foliarapplied vermicompost teas for plant disease suppression and subsequent yield
increase of cucumber (Cucumis sativus) seeded on 15 March. Treatments included
aerated, steeped (non- aerated), vermicompost leachate (extract resulting from
rainwater drainage through a worm composting bin) teas, as well as vermicompost
(non-liquid material applied to the soil), and rainwater. Except for vermicompost, the
treatments were sprayed biweekly (beginning the third week after the emergence of
cucumber seedlings) on to the foliage of cucumber plants. Disease incidence was
rated on a scale of 1 to 10 with 10 indicating 100% leaf surface showing disease
symptoms. Average disease ratings on 15 May were lower (P <0.10) with aerated tea
(rating = 2) than rainwater (rating = 2.6), leachate (rating = 2.6) and vermicompost
(rating = 2.8). Aerated tea also reduced disease ratings taken 21 May; however,
disease incidence by the end of the season (31 May) was not inﬂuenced by treatment.
Steeped tea, leachate and vermicompost failed to reduce disease incidence below that
of rainwater. Fruit number, but not weight, was inﬂuenced (P <0.05) by treatments with
highest fruit number (23 fruits/plot) obtained with leachate. Fruit number with
leachate was higher than with all other treatments except vermicompost (20
fruits/plot). Although results were inconclusive, in terms of disease suppression,
highest fruit number with vermicompost leachate indicated that this easily-produced
amendment may be beneﬁcial to cucumber production.

Introduction
(/resources/fe58ea51-77fd-4c22-9232-cd708aba5dcc)Disease, an abnormal
condition affecting an organism, is one of the major factors reducing crop yields in
agriculture. Two major disease agents, bacteria and fungi, propagated themselves
through spores or spore-like particles, which land on leaf surfaces and, under the
right condition, germinate and infect the plant. Infected plants show retarded growth,
reduced yield, and often visible symptoms such as discoloration.
These diseases are usually difﬁcult or impossible to combat once plants are infected;
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consequently, farmers must try to reduce the incidence and spread of disease. This
can be done in a variety of ways. In modern conventional agricultural, chemical
biocides are often employed to kill disease organisms and vectors before infection can
occur. However, biocides have several disadvantages that often render useless for
small, sustainable agricultural systems in the developing world. Firstly, they are often
prohibitively expensive for small farmers. Secondly, many disease organisms are able
to adapt to chemical biocides, rendering them ineffective in a matter of years. Thirdly,
the biological fallout from applying biocides often makes them far more harmful than
they are useful, especially in systems that depend heavily on the natural world for
nutrient cycling, disease suppression, and other vital ecosystem services.
Recent research has shown that a host of beneﬁcial microorganisms can be employed
to ﬁght disease agents (Lowenfels 2006). In the case of bacteria and fungi infecting
leaf surfaces, cultivation of a healthy community of beneﬁcial microorganisms on the
phyllosphere has been shown to be effective in warding off disease (Ingham 2003).
These beneﬁcial microorganisms work by outcompeting the disease agents for leaf
surface space and plant exudates (Ingham 2003). A number of commercial spray
products employ beneﬁcial microorganisms to suppress speciﬁc diseases (Nufarm
2011). Sprays composed of vermicompost tea have been suggested as being a lowcost alternative appropriate for small-scale farmers. Compost teas host a rich diversity
of beneﬁcial microorganisms which, when applied to leaf surfaces in sufﬁcient
concentrations, can be effective in preventing disease infection (Ingham 2003).
Our objective was to evaluate several vermicompost spray solutions (see Materials and
Methods section below for complete list of treatments), varying in ease of production,
for disease suppression and vegetable production.
We chose cucumber as the vegetable crop because cucurbits represent an important
vegetable crop that is also quite susceptible to various plant diseases. Through this
research we hoped to gain understanding of the utility of inexpensive, homeproduced vermicompost teas in suppressing fungal and bacterial crop diseases.
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Materials and Methods
Materials:
Rainwater
Finished, cured, and sifted vermicompost
Unﬁnished (partially decomposed), unsifted vermicompost
16.1 g of Cucumis sativus ‘Marketmore 76’ seed
Tetra whisper air pump 10-30, air stone, plastic tubing and water circulation
pump Stirring stick
4 ﬁve-gallon buckets
4 spray applicators Sugar cane molasses
General Fertilizer (8-2-8)

Methods:
Field History
The experimental ﬁeld was located at ECHO in southwest Florida (17391 Durrance Rd.
Ft Myers, FL 33917), behind the forage bank and market garden growout area. The
ﬁeld had 7 raised beds which had lain fallow with a cover crop for a number of
seasons before the trial. Because of this, paddy preparation was minimal, but the ﬁeld
did require some weeding before planting.

Experiment design
The 40 ft x 42 ft ﬁeld was divided into 25 plots (raised beds) to accommodate ﬁve
treatments replicated ﬁve times. A randomized complete block design was used in
which each of the ﬁve replications consisted of a block of space comprised of ﬁve
plots. Within a block (treatment replication), each of the ﬁve treatments was randomly
assigned to one of the ﬁve plots measuring 5.5 ft in length and 3 ft in width.
Guard rows were planted along beds to the North and South of experimental ﬁeld in
order to minimize edge effect. Walkways were marked between every other plot for
easier management and harvesting.

Treatments
1. Brewed, aerobic tea foliar spray - This compost tea followed the “bucket
bubbler” method outlined in Lowenfels Teaming With Microbes and was made
using ﬁnished, sifted vermicompost (2 cups/2.5 gal). 1 tsp molasses was mixed
in to feed microbes in the compost. Air pump, air stone, and circulator allowed
continuous permeation of oxygen throughout the brewing process. This
solution had a slightly sweet smell at the end of a 24-hr brewing process. This
treatment was recommended by an expert in the ﬁeld, Ingam (2003).
2. Steeped, non-brewed tea foliar spray - This spray was made using the same
compost as the aerobic foliar spray, but was steeped without molasses or
continuous aeration. The extract solution was stirred once daily by hand. For a
simple design of a compost tea circulator, see Mickelson (2008). This solution
had a neutral smell at the end of a 24-hr soaking process. We included this
treatment, recognizing that the air pump and related equipment for making

18

brewed, aerobic tea may not be readily available in many of the countries
served by ECHO network members.
3. Leachate foliar spray - This solution was prepared by soaking unﬁnished,
unsifted vermicompost in rainwater and stirred once. This was designed to
replicate the conditions that create leachate, the runoff from worm compost
containers, but at compost:water ratios identical to the tea and extract. This
solution had an unpleasant odor at the end of a 24-hr soaking process.
4. Rainwater (control 1) foliar spray - Control plots were sprayed with rainwater
from the same rain barrel used to make tea solutions.
5. Vermicompost soil (control 2) application- 1 heaping cup of ﬁnished, sifted
vermicompost was applied to each hole at planting in order to inoculate the
plot with beneﬁcial microorganisms. In addition, a 1 cup side dress was applied
at the ﬁrst spray date. This treatment was sprayed with rainwater on the same
schedule as the other treatments. As a second control, this treatment made it
possible to compare disease suppression and yields of foliar- vs. soilincorporated applications of vermicompost.

Figure 1. Leachate, extract and aerobic teas brewing (left) and ready to be sprayed
(right).
For each of the above treatments applied as a spray, we sprayed approximately 1
l/treatment (250 ml/plot) for the ﬁrst two spraying events. Thereafter, once the plants
were established with a large amount of biomass, we sprayed about 2.25 l/treatment
(450 ml/plot).
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Trial Establishment (Figure 2):
The study was conducted during the
spring season of 2011. Fertilizer [8-28 (8%N-2%P-8%P)] was applied on 10
March at a rate of 1 pound/plot. This
fertilizer rate turned out to be double
the proper rate, and was applied too
close to the seeds. As a result, the ﬁrst
seeding failed as the resulting
seedlings were adversely affected by
salt burn. Thus, the ﬁrst application of
fertilizer on 10 March was considered
a pre-plant application for a reseeding event the following week on
15 March. To prepare the ﬁeld for reseeding, the beds were raked (to
evenly distribute the fertilizer), but no
additional compost was added.

Figure 2. Photo indicating cucumber plants and
established plots

Cucumber seeds were sown in double rows, with the two rows 18 inches apart, at a
rate of three seeds per planting station. Two weeks later, they were thinned to one
seedling per planting station. The resulting in-row plant spacing was 18 inches. Fresh
hay mulch was added at seeding and periodically throughout the trail.
The cucumber accession planted was Cucumis sativus ‘Marketmore 76’ (08074081a). This accession is resistant to a number of diseases which make Cucurbit
production in Florida particularly difﬁcult including cucumber mosaic virus, downy
mildew, powdery mildew, and scab. This variety takes 68 days to mature and bears
cylindrical fruit that has a uniform dark green color and is ideal for pickling.

Trial Management
Fertility: Following the 10 March fertilizer application, the plots were fertilized two
more times (13 April and 16 May) at a rate of 0.5 pounds/plot.
Treatment application: Foliar treatments were applied biweekly once the cucumber
plants had reached 3 weeks of age. All compost tea sprays were brewed (sat) for 24
hours and were then applied immediately. Time of day for each spraying event was
between 4PM and 6PM.
Watering: The plants were watered every other evening with overhead irrigation in
order to create ideal conditions for spore germination and infection of Downy mildew.
(Pundt 2011) Drip irrigation was used during particularly dry weeks in order to water
the ﬁeld.
Weeding: The presence and spread of nutsedges (Cyperus sp.) and dollar weed
(Hydrocotyle sp.) required regular weeding. Weeds were hand pulled primarily by
volunteers in the afternoon and proved labor intensive. The ﬁnal weeding of the plot
was done by a large work team after weeds had grown up over the cucumber plants.
Cucumbers deteriorated quickly following this weeding, likely due to sun scald from the
loss of shade cover.
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Data collection
Disease levels were recorded six times throughout the growing season, and were
recorded as estimates of percentage of leaf area affected on typical plants in each plot,
on a scale of 1 to 10 (10 being 100% disease coverage). Fruit for each plot was recorded
on the same six dates beginning on 5 May 11 and ending on 31 May 2011, and fruit
production for each plot weighed on the ﬁnal ﬁve dates. Only fruit that were marketable
sized (8 in long and less than 1.5 in in diameter) and/or those of quality for human
consumption were harvested. Fruit was weighed the same day or the day after harvest.
Data were subjected to analysis of variance using SPSS.

Results and Discussion
Disease ratings
Up until 26 May 2011, disease ratings were quite low (Table 1). Ratings of less than 3
indicate that less than 30% of the leaf surface area manifested symptoms of disease.

Table 1. Eﬀect of vermicompost treatments on disease ratings. Data are
averaged over ﬁve replications.
Disease rating (1 to 10 with 10 indicating 100% coverage of leaves by
disease)
Treatment*

5/5/2011 5/10/2011 5/15/2011 5/21/2011 5/26/2011 5/31/2011 Mean

Aerobic tea

1.0

2.0

2.0 a

2.0 a

2.0

3.8

2.13

Steeped tea

0.6

2.0

2.2 ab

1.8 a

2.4

3.4

2.07

Leachate

0.6

2.4

2.6 bc

2.8 b

2.8

4.9

2.68

Vermicompost1.1

2.0

2.8 c

2.4 ab

3.0

4.8

2.68

Rainwater

1.0

2.2

2.6 bc

2.4 ab

2.4

3.8

2.40

P value**

0.476

0.775

0.083

0.088

0.571

0.670

0.296

*With the exception of vermicompost (a solid treatment incorporated into the soil), the
treatments were sprayed on to the foliage of cucumber plants.
**Means within a column are considered to be statistically similar if the corresponding
P value exceeds 0.10. A P value of ≤ 0.10 indicates that the numerical difference
between at least two of the means, within the corresponding column, are statistically
signiﬁcant. Within a column of means for which the P value wa≤s 0.10, means were
separated via Duncan’s Multiple Range test indicated by one or more letters following
each mean; within the column of means any two means with no letters in common are
statistically different from one another.
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Signiﬁcant differences were found between the disease ratings of some groups at the
p=0.10 conﬁdence level for the third and fourth data collection dates. On 5 May
2011, the disease rating with aerobic tea was statistically lower than that with leachate
and the two control treatments (vermicompost, and rainwater). On 15 May, however,
aerobic tea had not suppressed disease incidence below that with vermicompost and
rainwater. At both the 5 and 15 May rating times, disease ratings were lower with
aerobic tea than vermicompost leachate. Overall, aerobic tea performed the best as far
as disease suppression early in the season. By the end of the season, however, disease
incidence was similar with all the treatments.

Fruit production
Vermicompost spray treatments
inﬂuenced fruit number (Table 2 and
Figure 3) but not fruit weight. With
respect to fruit number, only totalseason yield was inﬂuenced by
treatments. Total-season marketable
fruit number was greater with worm
leachate than with rainwater, aerobic
tea, and steeped tea. Leachate
resulted in a similar number of fruits
as vermicompost, indicating that there
was no advantage in terms of yield of
foliar sprays over soil application of
vermicompost.

Figure 3. Effect of vermicompost treatment (A = aerated
tea; N = steeped tea; L = leachate; X = vermicompost; C =
rainwater) on average fruit number/plot shown in graph
form.
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Table 2. Eﬀect of vermicompost treatments on cucumber fruit. Data are
averaged over ﬁve replications and are shown for each harvest date as well as
for the total number of fruits harvested over the entire season.
Fruit (number per plot)
Treatment*

5/5/2011 5/10/2011 5/15/2011 5/21/2011 5/26/2011 5/31/2011 Mean

Aerobic tea

0.0

0.4

2.2

3.2

5.6

2.2

13.6
a

Steeped tea

0.0

1.8

3.0

2.0

4.2

4.0

15.0
a

Leachate

2.0

3.2

4.2

5.4

4.6

4.0

23.4
b

Vermicompost0.8

3.0

2.8

4.6

4.4

4.8

20.4
ab

Rainwater

0.8

2.0

1.8

3.6

4.0

3.0

15.2
a

P value**

0.071

0.189

0.211

0.141

0.768

0.252

0.049

*With the exception of vermicompost (a solid treatment incorporated into the soil), the
treatments were sprayed on to the foliage of cucumber plants.
**Means within a column are considered to be statistically similar if the corresponding
P value exceeds 0.10. A P value of ≤ 0.10 indicates that the numerical difference
between at least two of the means, within the corresponding column, are statistically
signiﬁcant. Within a column of means for which the P value wa≤s 0.10, means were
separated via Duncan’s Multiple Range test indicated by one or more letters following
each mean; within the column of means any two means with no letters in common are
statistically different from one another.
Table 3. Eﬀect of vermicompost treatments on cucumber fruit weight. Data
are averaged over ﬁve replications and are shown for each harvest date as
well as for the total weight of fruits harvested over the entire season.
Fruit weight (grams/plot)
Treatment*

5/10/2011 5/15/2011 5/21/2011 5/26/2011 5/31/2011

Total

Aerobic tea

57.02

350.6

629.18

1038.06

464.96

2539.82

Steeped tea

345.70

470.24

389.24

903.28

731.04

2839.50

Leachate

741.96

759.54

1220.20

930.44

973.60

4625.74

Vermicompost 591.74

524.26

1082.90

857.18

827.48

3883.56

Rainwater

411.18

297.92

776.64

819.68

634.16

2939.58

P value**

0.164

0.423

0.159

0.822

0.723

0.241

*With the exception of vermicompost (a solid treatment incorporated into the soil), the
treatments were sprayed on to the foliage of cucumber plants.
**Means within a column are considered to be statistically similar if the corresponding
P value exceeds 0.10. Since all P values exceeded 0.10, no mean separation test was
conducted.
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Summary
Our data were generally inconclusive. The aerated teas showed some beneﬁt over the
controls and worm leachate in suppressing disease for at least some of the harvest
season. However, the disease suppression effect did not carry though to the end of
study period. Moreover, any disease suppression did not translate to higher yields,
indicating that disease pressure may not have been sufﬁcient to be yield limiting.
Concerning vermicompost tea sprays, results from this study were not convincing
enough to draw ﬁrm conclusions.
Longer-term trials in this area would be useful. Future studies should include
numerical data related to microbial diversity and concentrations in the tea solutions,
as we feel these would be useful in helping understand experimental results.
We were surprised at the signiﬁcant boost in fruit number with the leachate treatment.
This result was unexpected and may deserve further study. Perhaps vegetable
production can be improved with a vermicompost-derived amendment (leachate) that
is easier to produce than brewed teas. It would be interesting to compare foliarapplied leachate to soil applications. Results with either method of application would
likely be dependent on the ratio of rainwater to vermicompost.
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Eggplant Fruit Production Response to NPK and Organic
Fertilizer Rates
Jen Smeage, Katie Johnson and Matt Floral

Abstract
This study, conducted at ECHO during the Summer of 2011, was carried out to
compare eggplant fruiting response to varying rates of a standard mineral fertilizer
versus 6 month old compost with 25% cow manure and 75% plant matter (evenly
split between woody and green, leafy material). The high rates were standard rates
used on the ECHO Global Farm. Treatments included NPK (8%-2%-8%) fertilizer at
0%, 33%, 66% and 100% of the rate recommended by the University of Florida (200
lb N/acre), and compost at 33%, 66% and 100% of the ECHO-recommended high
rate (1 liter/plant). The NPK fertilizer was applied in three equal amounts on 2 June
(preplant), 13 July and 5 August, whereas all of the compost was applied on 2 June.
Seedlings (resulting from seeds sown in the greenhouse on 5 May 2011) of
Solanum melongena ‘Florida Market’ were transplanted into raised beds on 2 June
2011. Fruit weights, averaged over all the rates, were twice as high with NPK
fertilizer as compared with compost. The effect of fertilizer rate on yields was similar
with NPK and compost. With both fertilizers, eggplant production increased with
increased fertilizer rate. Results indicate that: (1) NPK achieved more production
than compost; and (2) the full yield potential of eggplant was not reached with the
highest rates of either fertilizer. If conventional NPK fertilizer is to be replaced with
compost, while still achieving the same level of production (especially on very sandy
soils during an initial growing season), compost will likely need to be applied at
higher rates and/or combined with other practices (e.g. split applications and
mulching). It is also recognized that soil biology takes time to develop, and the
performance of compost may improve over subsequent growing seasons.

Introduction
Organic matter adds nutrients and hosts soil life that more effectively cycle
nutrients. As ECHO implements management practices that build organic matter in
the farm soil, less chemical fertilizer may be required to attain yields equivalent to
those achieved in the past with rates based on University of Florida
recommendations (200 lb N/acre).
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Composted manure is a high-nitrogen fertilizer that can be readily produced and
harvested in small-scale scenarios. Evaluation against a standard chemical fertilizer
may show the relative effectiveness of composted manure as a fertilizer, thereby
providing a guide for use as a chemical alternative at ECHO.
The purpose of this experiment is two-fold: a) to determine if ECHO’s amended soils
call for chemical fertilizer requirements lower than the IFAS recommendations in
order to produce signiﬁcant fruit yields.

Materials and Methods
Materials:
Finished composted cow manure NPK fertilizer (8%N-2%P-8%K)
Solanum melongena ‘Florida Market’ (ECHO seed bank accession: 02078091e) seed
32 Bamboo stakes
28 Treatment application indicator signs
Measuring units: Tablespoon, 1/8 cup, ¼ cup, volume cylinder Permanent
marker
Harvest collection buckets

Methods:
Field History
The experimental ﬁeld (Figure 1) was held at the ECHO Global Farm in southwest
Florida (17391 Durrance Road, Fort Myers, FL 33917). More speciﬁcally, the ﬁeld
was located on the east side of the Global Farm campus, behind the Forage Bank in
an area known as “Growout.” The ﬁeld was composed of four raised box beds. For
the past two years, this area has consistently been planted with a variety of annual
crops for Market Garden production. During the fall-winter season 2010-2011,
strawberries and onions were planted speciﬁcally in the beds where this
experimental was conducted. Preliminary weeding was necessary in order to
prepare the ﬁeld for experimental treatment.
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Figure 1. Images of experimental plots, August 2011.

Experiment design
Each of four replications consisted of a raised box bed, 86 ft in length. Respective
replications were divided into seven sections, each 12 ft in length. A randomized
complete block design was used to determine the randomly assigned order of
treatments within each replication (see Table 1 below).

Table 1. Randomized complete block design for assigning treatments to
experimental plots. Numbers correspond to fertilizer treatments; letters
correspond to replications, which are grouped into “blocks” of space.
Treatment

Replication

5A

2A

6A

3A

7A

4A

1A

6B

5B

3B

1B

2B

7B

4B

5C

6C

4C

7C

1C

3C

2C

1D

6D

4D

2D

3D

7D

5D

Buffer rows were considered for the experimental design. After a discussion of the
nature of each bed being protected (each a boxed bed), it was determined that
additional buffer rows would not be a necessary addition. Easy access to each
treatment within a bed facilitated accurate application of treatments and a
protected environment as plants developed.

Treatments
1. NPK (8%-2%-8%) was applied to the experimental plot at four different rates
(Table 2).
2. 6 month old compost - Compost [25% cow manure; 75% plant-based
material split equally between browns (woody material) and greens (fresh,
leafy material)] was applied at three different rates (Table 3). As per ECHO’s
experience with small scale farmers, 1 L can be considered a high rate with ½
L a more affordable and realistic rate for farmers to apply.
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Table 2: NPK fertilizer rates applied to each of eight plants per plot and the
equivalent rates in kg/ha. These rates were applied preplant (2 June), 13
July and 5 August. On 13 July and 5 August, the fertilizer was applied in a
circle around each plant, underneath the area spanned by the leaves of
each plant.
% of ECHO Volume per plant
rate
(Tbsp)

Volume per
plant (tsp)

Weight per
plant (g)

Total seasonal rate
(kg/ha)*

100%

6.21

18 5/8

62.6

160

66%

4.10

12 2/7

41.3

105

33%

2.05

6 1/7

20.9

54

0%

0

0

0

0

Table 3: Compost (25% cow manure) rates applied to each plant in a plot.
% of ECHO rate

Volume per plant (Tbsp)

100%

1

66%

2/3

33%

1/3

Trial Establishment:
The experimental study was conducted during the summer season of 2011. To
prepare the ﬁeld for planting, each bed was weeded, raked, and mulched with hay.
This occurred during the month of May 2011.
Eggplant accession, Solanum melongena ‘Florida Market’ was chosen for this
experimental study for its ability to tolerate the difﬁcult weather conditions of
southwest Florida in the summer months, proving itself as a good indicator crop.
Additional beneﬁts of this variety of eggplant include resistance to diseases such as
Phomopsis blight and fruit rot.
Eggplant seeds were sown in 50-deep cells and placed in the greenhouse on 5
May 2011. They remained in greenhouse for protected development until June.
Extra plants were seeded up for use as replacements for initial transplants that did
not take.
Fertilizer (8%N – 2%P – 8%K) was applied as a pre-plant at each planting station on 2
June 2011. Transplants were inserted at the same time as the preplant fertilizer
application (2 June). Plants were inserted with 18 inch spacing between plants in a
row; one row per bed.

28

Trial Establishment:
The experimental study was conducted during the summer season of 2011. To
prepare the ﬁeld for planting, each bed was weeded, raked, and mulched with hay.
This occurred during the month of May 2011.
Eggplant accession, Solanum melongena ‘Florida Market’ was chosen for this
experimental study for its ability to tolerate the difﬁcult weather conditions of
southwest Florida in the summer months, proving itself as a good indicator crop.
Additional beneﬁts of this variety of eggplant include resistance to diseases such as
Phomopsis blight and fruit rot.
Eggplant seeds were sown in 50-deep cells and placed in the greenhouse on 5
May 2011. They remained in greenhouse for protected development until June.
Extra plants were seeded up for use as replacements for initial transplants that did
not take.
Fertilizer (8%N – 2%P – 8%K) was applied as a pre-plant at each planting station on 2
June 2011. Transplants were inserted at the same time as the preplant fertilizer
application (2 June). Plants were inserted with 18 inch spacing between plants in a
row; one row per bed.

Trial Management
Fertility: Following 2 June fertilizer application, each treatment plot was fertilized
an additional two times (13 July and 5 August, 2011). Both additional applications
were distributed per plant and in a circle following leaf span.
Treatment application: Chemical and organic fertilizer treatments were applied
to each experimental plot by experiment implementers and selected volunteers in
one afternoon, between the hours of 2:30 and 4:30pm. Organic cow manure
compost was acquired a head of time and ready for use during the initial
implementation of the experiment. (Processing of the cow manure into
compostable form took place on the ECHO Global Farm by interns conducting a
different experimental trial.)
Watering: The plants were watered 2-3 times on a weekly basis using drip
irrigation. As summer rains intensiﬁed, manual watering was adjusted accordingly.
Weeding & Mulching: Summer weeds were hand pulled by experiment
implementers and volunteers throughout the trial. Fresh Vetiver (Chrysopogon
zizanioides) mulch was applied to each bed in August 2011.

Data collection
Yield data was recorded ﬁve times throughout the months of August and
September; (5 Aug, 12 Aug, 19 Aug, 26 Aug, and 3 September). Fruits were
harvested based on marketable quality. The criteria used to determine marketability
included the following:
Minimum size: 5 inch (length)
Average shape: narrow at top, wider at base
Color: deep purple with sheen
Length = top of cap to bottom
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Procedure for harvesting of fruit involved the use of pruners and an incision about
½ – ¾ distance between node and cap of each eggplant. Data were subjected to an
analysis of variance using SPSS.

Results and Discussion
Overall, unmarketable fruit weight was greater than marketable fruit weight
regardless of fertilizer rate (see Table 4 and Figs 2-4 for yield data). This could be
due, at least in part, to the fact that no fungicides were applied. Signiﬁcant rainfall
events (Fig 5) could have contributed to fungal pathogens impacting fruit quality.
There was no interaction of rate with the type of fertilizer, so the yields with NPK and
compost were averaged with trends shown in Figs 2-4. Once fertilizer rate
increased beyond 80% of the conventional value, both marketable (Fig 2) and
unmarketable (Fig 4) fruit weights increased signiﬁcantly. Fertilizer rates lower than
80% showed a minimal increase in marketable/unmarketable fruit weight. The
response of total fruit weight to fertilizer rate exhibited a direct positive correlation.
Total fruit yield increased consistently as fertilizer rate increased (Fig 3).
For marketable, total and unmarketable, fruit weight doubled utilizing chemical
fertilizer versus compost. It is very likely that more N was applied with the NPK than
compost (see Table 4).

Figure 2. Response of marketable fruit weight to fertilizer
rate (data for compost and chemical fertilizers averaged
together)

Figure 3. Response of total fruit weight to fertilizer rate
(data for compost and chemical fertilizers averaged
together)
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Figure 4. Response of unmarketable fruit weight to
fertilizer rate (data for compost and chemical fertilizers
averaged together)

Figure 5. Weather data collected at the ECHO farm from
2 June to 2 Sept 2011.
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Table 4. Main eﬀects of fertilizer rate and type of fertilizer (chemical versus
compost) on eggplant fruit weight.
Fruit weight (kg/plot)
Factor

Marketable

Total

Unmarketable

0

1.6

3.8

2.2

33

2.1

4.8

2.8

66

1.0

3.6

2.6

100

3.0

7.2

4.2

P value**

0.027

0.008

0.030

Compost

1.3

3.1

1.8

Chemical

2.6

6.6

4.0

0.005

<0.001

<0.001

0.337

0.076

0.079

Fertilizer rate (% standard*)

Fertilizer

P value
Rate X Fertilizer (P value)***

*The standard rate for NPK is based on the weight of fertilizer to apply 200 lb
N/acre. The standard high rate for compost was 1 L of compost per plant---in this
case, the resulting rate of N per acre is not known; assuming it contained 2% N,
and a liter weighs 454 grams, the approximate amount of N put out by the highest
rate of compost is l fertilizer rate used = 108 kg/ha
**Treatment effects were considered statistically signiﬁcant if the P value was less
than or equal to 0.05. See ﬁgures 1-3 for response curves for the effect of fertilizer
rate (averaged of chemical and compost) on marketable, total and unmarketable
fruit weight.
***Since the analysis of variance (ANOVA) showed that rate by fertilizer interaction
(for all fruit grades) was insigniﬁcant (>0.05), the effect of rate was averaged over
the two fertilizers (see Fig 1-3).

Conclusions
Yields failed to plateau with the higher fertilizer rates; however, especially when
dealing with organics, smallholder farmers cannot afford to apply unlimited
quantities. Ways to maximize fertilizer efﬁciency include (1) band or target (e.g., in
planting stations) vs broadcast applications and (2) mulching. To get a more
complete understanding of the efﬁcacy of compost vs. fertilizer, future studies
should be conducted over a longer period of time. Perhaps the consistent use of
compost
would
soil health,
improvingplants
disease
resistance,
increasing
fruit
quality.
Totalboost
fruit weight
of composted
might
not be thereby
as high as
with NPK
fertilizer, but a higher percentage of marketable fruit weight may contribute to a
greater portion of saleable fruit weight in such an instance.
© 2020 ECHO Inc.
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Soil Quality Assessment: Why and How
Marcia Croft

Introduction
Soil quality, also
known as soil health,
is the capacity of the
soil to function –
how well it ﬁlls the
roles we need it to,
whether in a natural
or managed
ecosystem. A variety
of measures are
used to gauge soil
health; although we
can use these
characteristics as
indicators of soil
Soil
quality, ultimately
soil quality is judged
by how well it fulﬁlls
its functions. Many indicators require complicated and technical lab testing, but
others can be carried out with locally available materials. Learning about your soil
can be a good way to identify appropriate crops for your setting or to look for
potential problems.
Soil is a complex matrix of inorganic (mineral) particles, non-living organic
(comprised of carbon) particles, air, water, and living biota. Soil functions generally
fall into ﬁve categories: sustaining biological diversity and productivity; regulating
water and solute ﬂow; ﬁltering and degrading organic and inorganic matter;
cycling nutrients, such as nitrogen and carbon; and providing stability and support.
Soils are evaluated in terms of both dynamic and inherent soil qualities-those that
vary and those that do not vary based on use (respectively).
Understanding the many organic and inorganic parts that make up the soil can
help us develop healthy, productive soil that ﬁlls our needs. At the ECHO Asia Seed
Bank, we use a number of production plots with very different site histories, and we
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were interested in comparing the relative strengths and weaknesses of each plot,
both to determine what crops these sites may be best suited for and to learn how to
improve the soils present in them.
Soils have many layers, called
horizons. Geological, chemical, and
biological processes create these
horizons. Most soil types will have
between three and four distinct
horizons. In general, the older the
soil, the more distinct the horizons
become. However, in some older
tropical soils with high annual
precipitation, very few soil horizons
are expressed. Horizons generally
follow a pattern of O-A-B-C-R from
top to bottom within the soil proﬁle:
the O horizon is composed of
organic matter; the A horizon is
decomposed organic material (or
‘humus’); the B horizon (or subsoil)
Figure 1. Typical soil horizons found in most soils
contains minerals leached from
above; the C horizon is made up of
large shelves of unweathered rock; and the R horizon is the bedrock (Figure 1). In
tropical soils, if horizons are expressed, the A horizon is often missing or minimal.
This Research Note describes various techniques for soil sampling for a range of
needs and technical capacities. Speciﬁcs are given on testing bulk density, soil
moisture, pH, and soil texture. These tests cannot compare with testing done in a
soil laboratory, which can sometimes be expensive but will give much more
accurate results. However, these tests can be used to compare between plots and
they are ﬂexible and easily adapted to varying resource constraints.

A General Guide to Soil Sampling
The best tool for soil sampling is a soil corer; this is essentially a metal rod with a
section cut out to allow for soil removal, with two handles at the top to allow it to be
pushed into the ground. Soil corers come in all lengths and sizes, but a narrow
diameter (about 2 cm/0.8 in.) allows small but deep samples of soil to be taken
without disturbing the sampling plot. The cutaway section (Figure 2) allows soil to
be easily removed and a standardized volume to be sampled from each plot of
interest. Although these are expensive to buy in North America (about $200 US),
replicas can be easily built for much less. (At the ECHO Asia Seed Bank in Thailand,
we had one made at a machine shop for about $8 US). Without a soil corer, soil
sampling can be done with a spade and a ruler by digging out a standardized
volume and depth, or with a section of PVC pipe marked off at appropriate intervals
(Figure 3).
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Whether you want
to sample an entire
ﬁeld or one raised
bed, it is important
to take a
representative
sample of your soil.
The soil corer will
help obtain a crosssection of the soil
proﬁle while only
removing a small
amount of soil. The
depth of the sample
will depend on the
hardness of the
ground. A minimum
of 10 cm is best,
although the deeper
the better (as plant
roots typically grow
much deeper). Try to
take at least four
subsamples or
replicates from the
edges and middle of
your plot. If the
ground is
compacting
Figure 2. Soil corer for soil sampling (fabricated in a
excessively when
machine shop in Chiang Mai)
you push the soil
corer in, do not to
go too far past the depth of your sample (e.g. 10 cm/4 in.), as the soil below will
compact and reduce the reliability of your measurements. The volume of soil you
need will be determined by the number and kinds of tests you want to run. (For our
testing at the seed bank, four subsamples at 10 cm were enough to complete all of
these tests with soil to spare.) It is usually easier to sample in the morning, as the
ground is softer and somewhat moister. If you do more sampling than can be
completed in one day, try to sample at the same time each day to minimize error.
While in the ﬁeld, storing sampled soil in Ziploc bags will help minimize water loss, if
this is important for your testing.
Once you have attained the complete number of samples from your plots, you can
combine subsamples/replicates through sieving. Pushing the soil through a wide
(about 1 cm/0.4 in.) wire sieve can help create a more homogenous sample from
the subsamples you took. A sieve is not necessary, but do make sure replicates are
adequately mixed together before you start testing.
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better with certain soil types, so this
information can also be helpful in matching
crops to the soil for which they are best
suited. Soil type determination can also help
provide insight into matching soil
improvement strategies to a particular site
through use of green manure cover crops
and soil amendments.

Figure 3. Close-up of soil corer showing depth markings

Soil Texture
Soil texture refers to
the relative sand, silt,
and clay
composition of your
soil and can be
tested by either of
the two methods
listed below. The ﬁrst
is somewhat more
qualitative, but
requires much less
Figure 4. Soil texture inﬂuences soil characteristics in
time than the
many ways
second. The soil
texture can tell you
about the non-organic parts of your soil: the rock particles that provide structure
for plant roots as well as nutrient-holding capabilities of your soil. Soil particles can
be divided into categories based on their size: sand (2.0 - 0.05 mm), silt (0.05 0.002 mm), and clay (<0.002 mm). Soil texture is one of the most stable
characteristics of soil, and inﬂuences a great number of soil characteristics (Figure
4). Although it is one of the most difﬁcult properties to change, certain plants will do
better with certain soil types, so this information can also be helpful in matching
crops to the soil for which they are best suited. Soil type determination can also help
provide insight into matching soil improvement strategies to a particular site
through use of green manure cover crops and soil amendments.
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Figure 5. Flow diagram for helping to determine soil texture class
Source: Thien, S. 1979. A ﬂow diagram for teaching texture-by-feel analysis. Journal of Agronomic
Education 8: 54-55.

Sample Procedure 1 (Soil Ribbon Test)
For this test you will need:
Your soil sample
Water
Follow the directions on the ﬂow chart in Figure 5:
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Sample Procedure 2
For this test you will need:
Your soil sample
Water
A ruler
A clear, straight-sided container with a ﬁtted lid
A volume measuring device, such as a graduated cylinder or marked
measuring cup
1. Take approximately 100 ml (3.4 US oz.) of soil from your sample and add to
your container.
2. Add 150 ml (5.1 US oz.) of water and shake vigorously for at least 60
seconds.
3. Let container sit for about 1 week. Layers in the soil will start to show up
before then, but they are easiest to discern after at least 5 days.
4.
The top layer that
settles out will be
clay, followed by
silt and sand
(Figure 6). Using a
ruler with cm
markings, measure
from the top of the
waterline to the
top of the soil, the
top of each
subsequent layer,
and the bottom of
the container. Still
holding it upright
and trying not to
disturb the settled
layers, rotate the
jar 90° and
measure again,
repeating until you
have four
measurements for
each soil layer. It’s
Figure 6. Separated layers of soil particles settled in
not essential to
water
have four
measurements, but
sometimes the layers do not settle out evenly and it is best to take an average.

38

5. Calculate the thickness of each
layer and average this across all
four measurements for each layer.
Then calculate the percentage of
clay, silt, and sand in your soil
sample.
6. Using the chart below (Figure 7),
determine your soil texture. The
example provided (darker lines
labelled A, B and C) is for a soil that
is 57% sand, 15% clay, and 28% silt
– a sandy loam soil that falls within
the circle of desirable soil texture
types.

Figure 7. Soil texture triangle for determining soil
texture by component percentage Source: Cahilly,
W. 2012. How Is Your Soil Texture? Fine Gardening
72: 67-69. http://www.ﬁnegardening.com/howto/articles/hows-your-soil-texture.aspx

Soil Moisture Content and Bulk Density
Soil moisture content tells you the amount of water present in the soil, which can
indicate how well the soil is being watered as well as how much moisture plant
roots can access at the depth of the samples you took. Some soils appear damp at
the surface, but the moisture does not penetrate well, so testing soil moisture can
be a good way to examine differences between soils.
Bulk density, a measure of soil compaction, is easily evaluated in conjunction with
soil moisture. Bulk density reﬂects the soil’s ability to provide structural support, soil
aeration, and water and solute movement; it will depend on soil texture as well as
crop management practices. Loose, porous soils with lots of organic matter will
have lower bulk density, though this will naturally increase with the depth of the
sample, as you move from one soil horizon into another. Bulk density is calculated
by dividing the dry weight of the soil by its volume.
For this test you will need:
Your soil sample
A fairly accurate scale; at least one decimal place is very helpful
An oven or other reliable heat source
An accurate volume measuring device, such as a tablespoon

39

Ideal bulk density will depend on the soil type (see Table 1). However, a bulk density
that is too high will restrict water and solute movement, and will limit the ability of
the soil to provide structural support. High bulk density can be lowered by
decreasing soil disturbance (e.g. avoid walking over planting beds), adding organic
matter, and using multi-crop rotational systems that break up large aggregates.
Table 1. Source: USDA Natural Resources Conservation Service. 2008. Soil Quality
Indicators: Bulk Density.
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/health/assessment
(http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/health/assessment)
Soil
Texture

Ideal Bulk Density
(g/cm 3)

Restricting Bulk Density
(g/cm 3)

Sandy

<1.60

>1.80

Silty

<1.40

>1.65

Clayey

<1.10

>1.47

Sample Procedure
1. Take a minimum subsample of 1 Tablespoon (approx. 15 cm3) from your
total sample. Record the volume you use.
2. Weigh the soil subsample (with its latent soil moisture) to the greatest degree
of accuracy possible, then place on a tin ‘weighing boat’ or other container
that can withstand high heat.
3. Place in oven and leave at 100°C (212°F) until the mass of the sample stops
decreasing, usually about one hour.
4. Weigh the dried soil. Calculate soil moisture and bulk density according to
equations below.
To calculate soil moisture:

3

In this case, we use 15 cm as the volume of 1 Tablespoon, but if you use a different
measure of volume, you will need to substitute your own value. Keep in mind that
weight is also sometimes referred to as mass.

Soil pH
Measuring soil pH will tell you the acidity or alkalinity of your soil. The pH scale is a
logarithmic scale, so the concentration of hydrogen (H+) ions will be 10 times
higher in a solution with a pH of 3 than in one with a pH of 4. Hydrogen ions
accumulate in the soil over time, lowering the pH. They come from a variety of
sources but are usually a product of respiring plants and decaying organic matter.
Lower pH indicates higher acidity. Solutions with a pH of 4.5-5.5 have been shown
to have harmful effects on plants. Soil pH also affects nutrient availability for plants.
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Although a healthy soil pH can range from 5.5 to 8.0, a slightly acidic soil (6-7) is
best for most plants. Certain plant species do better in slightly acidic or slightly
alkaline soil, so this information can be used to appropriately match crop species to
production plots. When soils become exceptionally acidic (e.g. less than 5.5),
amending the soil with lime will help raise the pH. Overly alkaline soils (an
uncommon occurrence) will generally decrease in pH over time as plants continue
to respire and decay.
For this test you will need:
Your soil sample
pH test strips, similar to those
pictured in Figure 8
Distilled/pure water
Some kind of very ﬁne ﬁlter,
such as a coffee ﬁlter or tea
bag

Figure 8. pH strips for determination of pH

Sample Procedure
1. Mix equal parts water and soil, then thoroughly combine.
2. Filter the mixture, using a coffee ﬁlter, tea bag, or other ﬁlter.
3. Quickly dip pH strip into solution and compare the color of the test strip to
the provided scale.

Conclusion
These tests can help you gain a better understanding of some of the physical
properties that contribute to soil health. By measuring soil texture, moisture, bulk
density, and pH, you will hopefully gain a picture of how your soil is doing. Over
time, you can observe changes in the way the soil responds to management
practices. If appropriate and available, you may want to follow up with testing by a
professional laboratory for more information.
Of all soil management practices, adding organic matter has the most wide-ranging
impacts. Increasing organic matter will improve aeration, water holding capacity,
and nutrient holding capacity, while also raising the pH, lowering bulk density, and
adding critical nutrients to the soil as it decays. For long-term agricultural
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productivity, attention must also be paid to soil life, particularly the role that soil
organisms play. Such soil life includes microorganisms (e.g. bacteria, fungi, yeasts,
protozoa), mesofauna (mites, springtails, etc.) macrofauna (earthworms and
beetles) and megafauna, (rabbits and moles).
For more about soil life see EDN 96
(http://c.ymcdn.com/sites/www.echocommunity.org/resource/collection/CAFC0D87129B-4DDA-B363-9B9733AAB8F1/edn96_for_web.pdf ). The article “Soil: A Fresh
Look at Life below the Surface” by Danny Blank, former ECHO Farm Manager, takes
a fresh look at what is going on in the soil, especially in relation to soil organic
matter and the organisms it supports; how this life in the soil is impacted by our
land care practices; and how it in turn impacts the productivity of our farms.
Another helpful resrouce, the USDA’s Soil Biology Primer
(https://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/biology/), is an
introduction to the living component of soil and how it contributes to agricultural
productivity, and air and water quality. The Primer includes units describing the soil
food web and its relationship to soil health, as well as units about bacteria, fungi,
protozoa, nematodes, arthropods, and earthworms.
The soil quality assessment procedures outlined here are only a start. Many more
resources are available online (some of them listed in the next section) that can
explain more about soil properties and about improving soil quality through
effective management.

Helpful Resources
On soil texture determination:
Cahilly, W. 2012. How Is Your Soil Texture? Fine Gardening 72: 67-69.
<http://www.ﬁnegardening.com/how-to/articles/hows-your-soil-texture.aspx
(http://www.ﬁnegardening.com/how-to/articles/hows-your-soil-texture.aspx)>

The USDA’s Soil Quality Test Kit Guide:
USDA Soil Quality Institute. 2001. Soil Quality Test Kit Guide. Washington DC:
USDA.
<http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_050956.pdf
(http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_050956.pdf )>

On soil quality indicators:
USDA NRCS. 2009. Soil Quality Indicators.
<http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/health/assessment/
(http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/health/assessment/)>
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Okra Variety Trial: Abelmoschus esculentum &
Abelmoschus caillei
Rachel Cohen, Heather Yates, and Tim Motis

Abstract
A comparison trial of okra species and varieties was conducted at the ECHO farm in
North Fort Myers (zone 9a/10b), Florida. Thirteen varieties of Abelmoschus
esculentum and two varieties of Abelmoschus caillei were evaluated for pod
production and taste. Plants were started from seed in trays, with resulting
seedlings transplanted to ﬁeld plots arranged in a randomized complete block
design such that each variety was grown/replicated in three plots. Pods were
harvested from July through November, 2003. The effect of variety impacted
early-/mid- but not late-season pod production.Top-producing varieties during
peak pod-producing months, August and September, were Parbhani Kranti, Ever
Lucky, Cow Horn and Clemson Spineless. Parbhani Kranti not only yielded well but
also ranked highest in taste tests.

Introduction and purpose
Two African okra species, Abelmoschus esculentum and Abelmoschus caillei, are
popular in tropical and temperate climates. Okra produces edible pods for human
consumption and seeds for processing into oil and vegetable curd. Okra leaves can
be eaten in stews or used as animal fodder. Varieties of okra were compared in subtropical Florida conditions to better guide recommendations to ECHO network
members.

(/resources/79fd2c69-7b24-4537-8caa-e0bed2dbc2b9)
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Materials and Methods
Fifteen different varieties of okra were evaluated in 2003 at ECHO’s Global
Demonstration Farm in Fort Myers, Florida (Zone 9a/10b).
Abelmoschus esculentum: Blonde, Borneo, Burgundy, Cherokee Long, Chubby,
Clemson Spineless, Cow Horn, Ever Lucky, Greenie, Kranti-Palestine, Martin’s Long,
Parbhani Kranti, Prelude.
Abelmoschus caillei: African, West African
These were varieties of two species of okra, as indicated below: Clemson Spineless
was considered a control since many Florida farmers grow it commercially. Each
experimental unit was replicated three times in a randomized complete block
design, with each block located on a separate section of the farm. An experimental
unit consisted of one row of 16 plants in reps one and two and two rows of eight
plants in rep three.
Plots were established, starting from seeds sown in plug trays in a greenhouse on
June 4th. Seedlings were then transplanted into the ﬁeld on June 26th, 2003.
Plants in the ﬁeld were spaced 46 cm (18 in) apart within each row, with rows
spaced 61 cm (2 ft) apart.
Plants were watered initially by drip irrigation for three weeks (three hours a day,
three days a week) after transplanting, after which they were rain fed for the
remainder of the trial. Plants received granular slow release fertilizer (8-2-8 N-P-K)
and micronutrients at the time of planting. Then 8-2-8 was side dressed once a
month at a rate of 1.4 kg per 9.3 m2 (3 lbs per 100 ft2). Orthene was sprayed twice
in July 2003 to control grasshoppers.
Observations were made weekly after transplanting to check for overall plant health
and insect damage. Harvest began 18 July and continued through 14 November. At
each harvest, pods 6 cm or more in length were picked twice a week (Tuesdays and
Fridays) and weighed. A taste test was conducted in August 2003 of fourteen
varieties (West African was not producing the time of the taste test). Okra was fried
in cornmeal with salt and oil for the taste test. Each person evaluating the okra
selected three most and three least favorites. For each variety, evaluators’ ratings
were averaged.

Results and Discussion
Yield
Prelude and Greenie produced the highest, and statistically similar, number (Table
1) of pods during the month of July. July fruit weights (Table 2), however, did not
differ between varieties.
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Table 1. Effect of variety on monthly (July to November) and total number of
marketable okra pods. Data are averaged over three replications.
Pod number (no./16-plant plot)Z
Variety

July

Aug.

Sept.

Oct.

Nov.

Total

African

0c

4f

53 c-f

85

55

197
bcd

Blonde

1 bc

42 c-f

40 c-f

58

42

184
bcd

Borneo

4 bc

47 b-e

72 b-e

102

30

256
bcd

Burgundy

6 bc

59 bcd

45 c-f

51

16

178
bcd

Cherokee Long
Pod

0c

11 ef

33 ef

50

23

118 d

Chubby Okra

1 bc

26 def

38 def

56

23

144 cd

Clemson
Spineless

5 bc

87 ab

94 bc

86

36

308 bc

Cow Horn

1 bc

71 abc

110 b

98

55

334 ab

Ever Lucky

9 bc

83 abc

120 b

92

17

321 ab

Greenie

18 ab

86 ab

92 bcd

89

59

343 ab

Kranti-Palestine

5 bc

87 ab

111 b

99

21

323 ab

Martin’s Long

0c

2f

10 f

69

24

105 d

Parbhani Kranti

10 bc

110 a

175 a

141

46

483 a

Prelude

32 a

103 a

67 b-e

74

28

304 bc

45

West African

Signif. (P
value)Y

0c

3f

27 ef

46

25

101 d

0.0462

<0.0001

<0.0001

0.5723

0.7203

0.0032

Z

Fruit were harvested twice per week (Tues. and Fri.) from 18 July to 14
November
Y

Within each column, means separation letters (obtained via Duncan’s Multiple
Range Test) are shown if the corresponding P value is ≤ 0.05. Any two means in
a column are statistically similar if followed by one or more letters in common.
Any two means in a column sharing no letters in common are statistically
different.
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Table 2. Effect of variety on the monthly (July to November) and total weight of
marketable okra pods. Data are averaged over three replications,
Fresh weight (grams/16-plant plot)Z
Variety

July

Aug.

Sept.

Oct.

Nov.

Total

African

0

73 d

1182 be

1993

1230

4477

Blonde

5

1127
ab

1140 be

1394

822

4489

Borneo

63

679
bcd

1206 be

1991

504

4423

Burgundy

76

906
abc

761 de

749

193

2685

Cherokee Long
Pod

0

222 cd

855
cde

920

387

2384

Chubby Okra

13

664 bd

1114 be

1551

409

3751

Clemson
Spineless

82

1564 a

1949
ab

1579

550

5724

Cow Horn

7

1169
ab

1894
abc

1624

828

5523

Ever Lucky

110

1269
ab

2438 a

1624

277

5716

Greenie

302

1420
ab

1592 ad

1503

853

5670

Kranti-Palestine

40

1132
ab

1668 ad

1211

238

4289

Martin’s Long

0

69 d

183 e

1555

429

2237

47

Parbhani Kranti

118

1526 a

2642 a

1979

595

6860

Prelude

479

1660 a

1148 be

973

380

4639

West African

0

53 d

508 e

985

553

2100

0.0916

0.0005

0.0025

.08137

0.5911

0.1379

Signif. (P
value)Y
Z

Fruit were harvested twice per week (Tues. and Fri.) from 18 July to 14
November
Y

Within each column, means separation letters (obtained via Duncan’s Multiple
Range Test) are shown if the corresponding P value is ≤ 0.05. Any two means in
a column are statistically similar if followed by one or more letters in common.
Any two means in a column sharing no letters in common are statistically
different.

In general, most pod production occured between August and October, with yields
declining in November. Most treatment differences occurred during August and
September, at which times Prelude, Parbhani Kranti and Clemson Spineless were
among the top producers in terms of fruit weight. Their fruit numbers and weights
were matched statistically, during August and/or September, by Burgandy, Cow
Horn, Ever Lucky, Greenie, and Kranti-Palestine. August-September Prelude,
Burgandy, and Greenie fruit numbers/weights, though similar to top-producing
varieties, were also similar to lowest-producing varieties, African, Martin’s Long, and
West African.
Variety had no effect on yields in October and November. Thus, none of the varieties
showed signiﬁcant potential for boosting late-season yield in comparison to the
control, Clemson Spineless. Sanders (2001) suggests that a late-spring pruning can
extend the harvest season.
Variety impacted total-season fruit number but not total-season fruit weight. Totalseason fruit numbers were highest and similar with Cow Horn, Ever Lucky, Greenie,
Kranti-Palestine, and Prelude. Since total-season fruit weights did not vary between
varieties, results suggest that varietal choice has the most potential to impact early
and mid-season okra production
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Consumption value
Taste evaluators chose Parbhani Kranti, Cherokee Long, and Martin’s Long, in order
of preference, as the best tasting varieties (Table 3). Least favored were African,
Clemson Spineless and Blonde.
Table 3. Taste Test Ratings
Rating (-3 to 3)z

Variety
Parbhani Kranti

2.5

Cherokee Long

1.9

Marin’s Long

1.5

Kranti Palestine

1.1

Borneo

1

Everlucky

0.5

Chubby

0

Cowhorn

-1.7

Burgundy

-0.4

Prelude

-1

Greenie

-1.5

Blonde

-1.5

Clemson Spineless

-2.5

African

-3

z

Average rating of okra varieties on scale of -3 to 3 with -3 being the worst and 3
the best tasting. Some varieties had limited number of raters.
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Conclusion
Parbhani Kranti, Ever Lucky, Cow Horn, and Clemson Spineless varieties produced
steady, consistent and high yields. Based on the results of this trial, these are
recommended as optimal varieties for the peak okra season. Parbhani Kranti was
highly favorable in both taste and overall production, making it the preferred
choice.

References
Sanders, Douglas C. 2001. Home Garden Okra
(https://www.ces.ncsu.edu/ﬁles/library/65/okra_nc%20.pdf ). Department of
Horticultural Science, College of Agriculture & Life Sciences, North Carolina State
University
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Pumpkin Variety Trial: Cucurbita moschata
Betsy Langford, Danny Blank, and Tom Gill

Introduction
Temperate cucurbita varieties do not grow well in subtropical and tropical climatic
zones and are prone to diseases that kill them outright or reduce harvest yields.
Tropical and Seminole pumpkins grow well in tropical climates and are important for
ECHO and ECHO network members. Seminole pumpkins are Cucurbita moshata
varieties bred and cultivated by the Seminole Indians of Southwest Florida (zone
9a/10b). Tropical pumpkins, are Cucurbita sp. that have been bred and cultivated in
tropical climatic zones. Both pumpking groups can be grown throughout the year,
although they grow best in lower humidity due to water-borne disease pressure.
Fruits store for months due to the hardening of outter shells at maturation. This
storage trait is highly practical for areas with no refrigeration.
Pumpkin ﬂesh is high in vitamin A. Male ﬂowers, tender leaves, and seeds can be
eaten as well. Pumpkins are pollinated by bees and other insects which can carry
pollen long distances and visit many folwers. To keep seeds true to the parent variety,
it is necessary to hand-pollinate or plant only one variety at a time. The goal of this
variety trial was to compare ECHO’s eleven varieties of pumpkins as well as to
determine the purity of the genetic lines.
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Materials and Methods
Trial Design
Eleven varieties (Table 1) of pumpkins were planted on ECHO’s global
demonstration farm in North Fort Myers, Florida in three replications. Each plant
was spaced 60cm apart.
Table 1. Varieties of pumpkins in the trial
Variety

Type

Acorn

Seminole pumpkin

Crookneck

Seminole pumpkin

Hardy

Seminole pumpkin

Ingram Billie

Seminole pumpkin

Tropical Brian

Tropical pumpkin

La Primera

Tropical pumpkin

Tahitian Butternut

Tropical pumpkin

Tahitian Straightneck Selection of 2005 Tropical pumpkin
Small Butternut

Tropical pumpkin

Trinidad Selection of 2005

Tropical pumpkin

Lloyd Marsh Selection of 2005

Tropical pumpkin

Trial establishment
All varieties were seeded, with three
seeds per planting station on March
9 and 10, 2006.
Replications 1 and 2 were seeded on
ﬂat beds, using newspaper and
vetiver grass (Chrysopogon
zizanioides) as mulch. Replication 3
was seeded on raised beds with
woodchip mulch (Figure 1). Prior to
planting, planting areas were sprayed
twice with Glyphosphate Pro II for
weed control.

Figure 1. Replications 1 & 2 design (left) and replication 3
design (right).

Each plot was fertilized with 1.4 kg 8-2-8 fertilizer (109 g N), when seeds were
planted. Side dressings of 7.8 g N/m2 were put down every three weeks.
All replications were watered three times per week. Replications 1 and 2 were
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watered with overhead irrigation, while replication 3 was waterd through drip
irrigation. Conditions were dry until mid-May. After mid-May, irrigation was no
longer used unless ground was very dry.
For disease and pest control, two chemicals were used. Each week, MilStop® was
sprayed as a preventative against powdery and downy mildews. DiPel® DF (Bacillus
thoringiensis subsp. kurstaki) was sprayed as needed for control of melonworms
(Diaphania hyalinata).
During the trial, Glyphosphate Pro II was sprayed once to control weeds, otherwise
weeds were hand pulled.
For seed saving, hand-pollination
(https://www.echocommunity.org/resources/c6a0eeea-c797-4b43-89778b0f62f7a50a) was performed for Tahitian Staightneck, Trinidad Selection, Lloyd
Marsh Selection, and Brian. Hand-pollination of selected vareities may have effected
the rate of fruit set and therefore may have skewed varietal production differences.

Data collection
Fruits were harvested when pumpkins turned pale and plants were beginning to
senesce. Harvested pumpkins were weighed individually. Hand-pollinated fruits
were cut in half to harvest the seed which were then washed and dried on screens.
Taste tests were performed for each variety of pumpkin. Pumpkin ﬂesh was diced
into pieces about 1”x1” and microwaved in a glass bowl for ten minutes with 350ml
of water. Each variety was assigned a letter so as not to sway decisions due to a
variety name. Participants tasting the fruit were asked to make comments about
sweetness, bitterness, and texture. They were also asked to number their three
favorite and three least favorite varieties. Each top favorite was given a score of 3
points, second favorite 2 points, and third favorite 1 point to determine which
variety received the overall highest rating. The same was done for the worst tasting
varieties. The worst variety received 3 points, second worst 2 points, and third 1
point, to determine the varieties with the worst ratings. Participant comments were
read about each variety. It should also be noted that different people representing
different countries will be biased toward one taste over another. A thick texture may
be highly valued in one culture and looked down upon in another. There were three
non-Americans present, but this is not enough to make it unbiased.

Results and Discussion
Small Butternut was removed from the trial because of poor germination.
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Table 2. Percent Germination for each variety
Variety

% Germ.

Lloyd Marsh

93%

Acorn

88%

Crookneck

87%

La Primera

82%

Hardy

81%

Tahitian Butternut

54%

Ingram Billie

51%

Trinidad Selection

25%

Tahitian Straightneck

11%

Tropical Brian

0%

Small Butternut

0%

Tropical Brian was initially thought to also have nonviable seed. There was 0%
germination from direct seeding as well as the pots for transplanting (Table 2).
Because it had to be reseeded, Tropical Brian was behind the other varieties in
ﬂowering, fruiting, and maturing. Seasonal rains caused all varieties to deteriorate
from mildew and caterpillar damage.
Tropical Brian was behind the others and therefore experienced higher pest and
disease prevalent later in the growing season. This may have been a factor that
decreased yields to lower-than normal numbers (Table 3). It was also observed to be
more difﬁcult to obtain Tropical Brian pumpkins through hand-pollination than
other hand-pollinated varieties.
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Table 3. Average means of varietal production.
Variety

Number of fruit

Mass per fruit (kg)

Yield (kg)

Acorn

22 a

1d

31 ab

Tropical Brian

6 bc

2 cd

16 b

Crookneck

21 a

2 cd

56 ab

Hardy

16 a-c

2 cd

27 b

Ingram Billie

15 a-c

2 cd

39 ab

Lloyd Marsh

18 ab

3 bc

67 ab

La Primera

15 a-c

5 ab

80 a

9 a-c

3 cd

17 b

4c

6a

20 b

15 a-c

3 cd

46 ab

Tahitian Butternut
Tahitian Straightneck
Trinidad Selection
P-Value Y

0.0537

0.0012

0.0609

Y

Within each column, means separation letters (obtained via Duncan’s Multiple
Range Test) are shown if the corresponding P value is ≤ 0.05. Any two means in a
column are statistically similar if followed by one or more letters in common. Any
two means in a column sharing no letters in common are statistically different.

Tahitian Straightneck had low
germination (11%) (Table 2), reducing
the number of full plots. Rather than
eliminating one entire replication, ﬁve
to six plants were placed in each plot
and spaced wider than orginally
planned. This affected the total
number of fruits produced (Table 3)
for this variety.

Figure 2. Crookneck (left) and Hardy (right) varieties with
varying shape and size of fruit.

The Lloyd Marsh variety was both a high producer and produced large fruits. The
Tahitian Staightneck grew large fruits, but few were produced.
The Acorn variety stood out as one of the highest number of fruit procers with one
of the lowest fruit masses.
Some varieties, including Crookneck and Hardy, had inconsistent shape and size of
fruit (Figure 2). This indicates the genetic line is no longer pure. Acorn, Ingram Billie,
and Tahitian Butternut had some variation in size, but did not display drastic
differences in shape.

55

Consumption value
Although it is not totally accurate, as different cultures enjoy different tastes and
textures, participants found Trinidad Selection and Hardy to be the preferred
varieties. Both are ﬁrm ﬂeshed with a sweet ﬂavor. Least preferred were the Tahitian
Straightneck and La Primera. Both were described as bitter ﬂavored and the Tahitian
Staightneck was also noted to have a stringy texture (Table 4).
Table 4. Tast Test Results
Variety

Color from
lightest (1) to
darkest (10)

Flesh Thickness (from
thinnest (1) to thickest
(10))

Taste remarks

7

4-5

Not much agreement,
but mostly neutral
remarks

2-3

6-7

Tender, with mildly
sweet ﬂavor

Crookneck

1

1-3

Rather bland

Hardy

4

1-3

Firm texture and slightly
sweet ﬂavor

Ingram Billie

9

4-5

Sweet ﬂavor

La Primera

6

9-10

Lloyd Marsh

8

8

Tahitian
Butternut

5

1-3

Thick texture with
strong ﬂavor

Tahitian
Straightneck

2-3

6-7

Stringy texture with
bitter to bland ﬂavor

Trinidad
Selection

10

9-10

Acorn

Tropical
Brian

Smooth texture and
slightly bitter ﬂavor
Thick, smooth
consistency with fairly
strong ﬂavor

Thick consistency with
sweet ﬂavor

Conclusion
La Primera, Lloyd Marsh Selection, Trinidad and Tahitian Straightneck varieties are
appropriate for regions preferring large fruit while Acorn would be appropriate for
regions preferring small fruit.
For varieties with inconsistent fruit shape (e.g. Crookneck and Hardy in this trial), it
may be necessary to refresh seed lots.
For those doing similar trials in the future, transplants might be better than seeds.
Uniform hand-pollination or lack of hand-pollination for varieties trialed should also
be encouraged to ensure better consistency.
© 2020 ECHO Inc.

http://edn.link/rn6
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Performance of Five Alley-Cropped Sweet Corn Varieties
Grown in Bohoc, Haiti
Tim Motis

Abstract
This trial was conducted in 2004 to compare growth and yield parameters of ﬁve
sweet corn (Zea mays) varieties (‘NE-EDR’, ‘ZC2451F’, ‘Golden Queen’, ‘Hawaiian
Supersweet’, and ‘True Gold’) grown between rows of leguminous trees (mostly
Leucaena leucocephala) trees in the Central Plateau of Haiti. With more than
double the fresh ear (cob + kernels + husk) weight (220 g/m2) of the other varieties
(30 to 90 g/m2), Hawaiian Supersweet showed the most promise for growing sweet
corn in Haiti.

(/resources/3f494873-df51-43ff-96e6-8453fcb7cf70)

Introduction
Haitian farmers typically grow corn to make ﬂour. Therefore, it is unlikely that sweet
corn will ever gain wide acceptance as a major ﬁeld crop. There may, however, be a
place for sweet corn grown as a vegetable in household gardens.
Corn plants take up a substantial amount of nutrients from the soil. Organic
sources of fertility are especially important where synthetic fertilizers are
unaffordable or inaccessible to farmers. One way to supply organic matter and
nutrients is to use a system called alley cropping in which crops are planted
between rows of nitrogen-ﬁxing trees.
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The trees are periodically pruned to prevent shading of the crop. Prunings are then
used either as feed for livestock or incorporated into the soil. While supplying
organic matter, the trees also minimize soil erosion. It should be noted that in
climates with low rainfall, the trees may compete with the crop for water.
This study was conducted to evaluate ﬁve varieties of sweet corn for their
performance in an alley-cropping production system. We wanted to see which
varieties performed best with no inputs of fertilizer (other than leaf litter from the
trees) or irrigation.

Materials and Methods
Rows of nitrogen-ﬁxing trees (Leauceana leaucephala and Gliricidia sepium) had
been established in the 90’s. The trees were spaced roughly 60 cm apart within
rows, with 4.6 m between rows. By 2004, the year during which this study was
conducted, the trees were 6 to 9 meters tall. Prior to planting the crop, the trees
were sawed to waist height and the wood used in a kitchen to cook food for school
children. Subsequently, workers hoed the ground between the rows of trees to
break up the soil and prune tree roots. Corn plots were planted between 31 May
and 4 June.
Each plot was 3 m long by 2.4 m wide with 5 rows per plot. Varieties (see Table 2)
were replicated three times and arranged in a randomized complete block design.
Local practices were followed in establishing the crop. Two corn seeds were placed
in each planting station. Planting stations, dug 5 to 10 cm deep with a machete or
small hoe, were spaced 1 m apart within rows, with 60 cm of space between rows.
Seeds in the stations were covered 2.5 cm deep with soil and allowed to grow
without thinning. The wide spacing between double-seeded corn planting stations
takes into account the fact that soil fertility and moisture are often low, and other
crops such as sweet potato are often intercropped with the corn. Pigeon pea
(Cajanus cajun) was planted at the same time to establish a 1.2 m-wide pigeon pea
buffer between individual corn plots.
Data were collected for weather, germination percentage, plant population, plant
height, caterpillar damage, tassling and silking times, grain yield, and fresh plant
biomass. Yield data were taken from the inner three rows when the silks had begun
to dry and kernels were still milky. Data were subjected to analysis of variance using
GenStat. Means (values averaged over the three replications) were separated using
the “least signiﬁcant difference” method (see Tables for explanation) if the
associated P value was less than or equal to signiﬁcance level of 0.05. Correlation
between several yield and plant growth parameters was carried out with Minitab.
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Results and Discussion
The plots received 30 and 36 mm of rainfall on 31 May and 2 June, respectively
(Table 1). These rainfall events occurred at planting time and supplied soil moisture
for seed germination. Seed germination percentage was highest with Hawaiian
Supersweet; statistically similar percentages were obtained with Golden Queen,
True Gold, and ZC2451F (Table 2). Seeds of NE-EDR germinated as well as those of
ZC2451F but not as well as Hawaiian Supersweet, Golden Queen, and True Gold.
Final plant population on 20 July did not differ, at the 5% signiﬁcance level, between
the varieties.
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Table 1. Weather data for each week of the corn trial with day 1 and day 77 (3
days before ﬁnal harvest) on 31 May and 15 Aug. 2004, respectively.
Avg relative
humidity (%)
Day

Dates

Rainfall
(mm)

Min

Max

Avg air temp (°C)

Min

Max

7-Jan

31 May6 June

69.6

22

34

39

94

14-Aug

7-13
June

92.2

22

34

40

93

15-21

14--20
June

38.1

21

35

37

94

22-28

21-27
June

missing
data

missing
data

missing
data

missing
data

missing
data

29-35

28
June-4
July

48.3

22

34

47

94

36-42

5-11
July

17.8

21

34

42

92

43-49

12-18
July

146

21

34

47

94

50-56

19-25
July

22.9

22

34

41

94

57-63

26 July1 Aug

73.7

21

33

49

95

64-70

2-8 Aug

39.4

22

34

39

94

71-77

9-15
Aug

66

21

34

41

94

60

Total
rainfall

613.9

Weather data recorded during the season showed that the crop received 208 and
269 inches of rain (Table 1).
Table 2. Effect of variety on seed germination percentage and ﬁnal plant
population of sweet corn planted between rows of leguminous trees. Data
below were averaged over three replications.
Variety

Germination (%)

Population (plants/plot)

NE-EDR Sh2/P1614830

28

9

ZC2451F/P1618810

45

16

Golden Queen

56

17

Hawaiian Supersweet

65

21

True Gold

52

11

P value

0.053

0.108

LSD value

23.64

---

Means were separated using Least Signiﬁcant Difference (LSD) test when P
values were less than 0.05. Two or more means within a column are signiﬁcantly
different when the difference between them exceeds the LSD value. Seed
germination and ﬁnal plant population were determined on 14 June and 20 July,
respectively. Note that these measurements apply to the entire plot, whereas
ears were harvested from the inner three of ﬁve rows of plants.

Plant height differed among varieties at each of the three times heights were
measured (Table 3). Plant growth with all the varieties appeared to be the most rapid
between 13 and 28 July. Heights did not appear to increase appreciably between
28 July and 9 August.
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Table 3. Effect of variety on height of sweet corn plants grown between rows of
leguminous trees. Data below were averaged over eight measurements per
each of three replications.
Plant Height at 3 times (m)
Variety

13-Jul

28-Jul

9-Aug

0.5

1

1.21

0.63

0.83

0.81

0.5

0.9

0.96

Hawaiian Supersweet

0.59

1.2

1.24

True Gold

0.38

0.74

0.79

P value

0.004

0.014

0.013

LSD Value

0.103

0.231

0.271

NE-EDR Sh2/P1614830

ZC2451F/P1618810

Golden Queen

Means were separated using Least Signiﬁcant Difference (LSD) test when P
values were less than 0.10. Any two means within a column are signiﬁcantly
different when the difference between them exceeds the LSD value.

August. On 28 July and 9 August, Hawaiian Supersweet plants were taller than all
the other varieties excep NE-EDR Sh2.
Caterpillar damage, as percent of plants in a plot that were harmed, was lowest and
similar with ZC2451F and True Gold (Table 4) Damage was intermediate with
Hawaiian Supersweet and highest with Golden Queen. Many of the corn plants in
nearby farms are damaged by caterpillars. Caterpillar damage may explain why local
farmers do not thin after double or triple seeding their corn.
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Table 5. Effect of variety on the percentage of sweet corn plants, grown
between rows of leguminous trees, that had tassled on 20 July, 28 July, and 9
August. Data below were averaged over three replications.
Tassling at three times (% of plants in a plot)
Variety

20-Jul

28-Jul

9-Aug

NE-EDR Sh2/P1614830

12

44

86

ZC2451F/P1618810

64

90

88

Golden Queen

51

73

62

0

66

81

50

65

71

P Value

0.002

0.077

0.163

LSD Value

26.11

30.79

---

Hawaiian Supersweet

True Gold

Means were separated using Least Signiﬁcant Difference (LSD) test when P
values were less than or equal to 0.10. Two or more means within a column are
signiﬁcantly different when the difference between them exceeds the LSD value.

Thus, Hawaiian Supersweet and NE-EDR began tassling later than the other
varieties. Percentage of plants with tassles appeared to increase steadily with time,
from 20 July to 9 August, with NE-EDR and Hawaiian Supersweet. Tassles were the
portion of a corn plant that appeared to be most affected by caterpillars. Tassles
produce the pollen received by the silks which, in turn, results in kernel formation.
Silking began sometime between 20 (when only ZC2451F plants had silks) and 28
July (Table 6). On 28 July, the percentage of plants with silks was higher for
ZC2451F and Golden Queen than for NE-EDR and Hawaiian Supersweet. Plants of
Hawaiian Supersweet and NE-EDR had very few silks on 28 July; silking for these
varieties occurred mainly between 28 July and 9 August.
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Table 6. Effect of variety on the percentage of sweet corn plants, grown
between rows of leguminous trees, that had silked on 20 July, 28 July, and 9
August. Data below were averaged over three replications.
Silking at three times
(% of plant population)
Variety

20-Jul

28-Jul

9-Aug

NE-EDR Sh2/P1614830

0

4

51

ZC2451F/P1618810

8

35

63

Golden Queen

0

36

35

Hawaiian Supersweet

0

1

64

True Gold

0

23

48

P Value

0.097

0.014

0.276

LSD Value

5.66

21.7

---

Means were separated using Least Signiﬁcant Difference (LSD) test when P
values were less than or equal to 0.10. Two or more means within a column are
signiﬁcantly different when the difference between them exceeds the LSD value.

Ear weight per plot (inside three rows) was the only yield parameter that varied
between varieties (Table 7). Hawaiian Supersweet produced more than twice as
much corn, in terms of weight than any of the other varieties. Ear weight per 10 m
square was signiﬁcantly (P value of <0.001) correlated (Pearson correlation
coefﬁcient of 0.82; a value of 1 would indicate perfect correlation) with ear number.
Ear number ranged from 0.6 ears/m2 with True Gold to 2.3 ears/m2 with Hawaiian
Supersweet. In turn, ear number correlated (Pearson coefﬁcient = 0.72) signiﬁcantly
(P = 0.002) with ﬁnal plant population. Ear weight per m2 was also signiﬁcantly (P =
0.74) correlated (Pearson coefﬁcient = 0.002) with individual ear weight, which
ranged from 45 g/ear with True Gold to 92 g/ear with Hawaiian Supersweet. These
correlations suggest that highest yield with Hawaiian Supersweet resulted from a
combination of factors [ear number (which could have been inﬂuenced by plant
population and plant productivity) and size] even though values for each factor did
not differ (at P = 0.05) between varieties.
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Table 7. Sweet corn ear production and plant (leaves and stems) biomass with five varieties
grown between rows of leguminous trees. Data below were averaged over three replications.

Ears (cob + kernals +
husk)
Variety

h
Fresh plant (stem + leaf)
wt

No./m2

g/m2

g/ear

(g/ plant)

NE-EDR
Sh2/P1614830

1.4

90

75

156

ZC2451F/P1618810

1.4

70

52

63

Golden Queen

1.2

60

46

107

Hawaiin Supersweet

2.3

22

92

123

True Gold

0.6

30

45

64

0.075

0.001

0.074

0.008

---

0.65

---

187.4

P value
LSD Value

Means were separated using Duncan’s multiple range test. Two or more means
are signiﬁcantly different when no letters following the means are the same.

Fresh plant biomass was highest and similar with NE-EDR and Hawaiian
Supersweet, intermediate with Golden Queen, and lowest and similar with ZC2451F
and True Gold (Table 7). It was observed that plants of the smallest and lowest
yielding varieties, ZC24514 and True Gold, tassled early (Table 5) and then stopped
growing (Table 3).

Conclusion
Results of this study indicate that of the varieties tested, Hawaiian Supersweet is best
suited for growth in the central plateau of Haiti. Yields of Hawaiian Supersweet,
although higher than the other varieties, did not appear to be very substantial. It is
possible that, in the alley-cropping system used, the plants did not receive sufﬁcient
nutrition for optimal yields. More work is needed to determine if greater yields could
be obtained by growing Hawaiian Supersweet with locally available soil
amendments such as composted sugarcane bagasse, animal manure, or a
combination of organic fertility sources with NPK fertilizer.
© 2020 ECHO Inc.
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Creating an Optimum Potting Mixture for ResourceConstrained Growers in Thailand
Hannah Gray and Abram Bicksler
[Editor’s note: Hannah Gray was a student volunteer from Kalamazoo College who
conducted her Senior Independent Project at the ECHO Asia Seed Bank from JuneAugust 2012. This article from ECHO Asia Note 19 is the culmination of her research on
potting mixtures for usage at the ECHO Asia Seed Bank.]

Introduction
In a tropical setting, growing
seedlings can be difﬁcult. A major
factor of concern for nursery
production is water logging (Zhu et
al. 2007). During the rainy season,
oversaturated soils can effectively
suffocate root systems of a seedling
by restricting ﬂow of oxygen and
other important minerals (Forcella et
al. 2000). Nursery plants potted in
dense soils are more prone to the
negative effects of water logging. The
incorporation of materials such as
perlite and vermiculite into potting
mixtures helps to combat soil
Potting soil mixture being used to pot up plants
compaction and facilitate drainage.
However, both perlite and vermiculite
can be restrictively expensive for
growers, especially resource constrained growers, like many of those within our
network.
Nursery research from recent years has focused on ﬁnding appropriate,
sustainable, low-cost alternative materials for potting mixes, often utilizing waste
products of other industries such as: wood shavings, municipal compost, rice hulls,
and coconut coir (Arenas et al. 2002; Meerow 1994; Ahmad et al. 2012). Rice hulls
and coconut coir are plentiful in Asia, and can potentially minimize risk for water
logging while replacing expensive inputs such as perlite or vermiculite. Coir material
has a high water holding capacity within its ﬁbers and good drainage through the
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pore spaces it creates in a substrate. Rice hulls are an abundant byproduct of the
rice milling industry and ubiquitous in many tropical settings. Like coir, it creates
pore space for appropriate drainage and does not degrade quickly over time.
Together, these two materials are promising low-cost alternatives to peat in
conventional nursery potting mixtures.
We evaluated several potting mixtures, utilizing low-cost inputs available in
Northern Thailand and in similar settings in Asia. In order to quantify success of a
potting mixture, plant health and growth were evaluated by measures of
chlorosis/necrosis, seedling height, and plant biomass, taken in the ﬁeld and
supported with measures of seed health and vigor in the lab through germination
trials. This research was done to determine whether mixtures made from local
materials can produce plants of a similar, or even better quality than a commercial
mixture.

Methods
We tested seven potting mixtures across four crop species: lablab bean (Lablab
purpurpeus), moringa (Moringa oleifera), pumpkin (Cucurbita moschata), and
tomato (Solanum lycopersicum). These seed species were selected for crop variation
and because of their importance to farmers in ECHO’s network.
Seed bank staff and ECHO Asia advisors determined the potting mix components
and ratios based on previous experience, availability of inputs to farmers, and
potential for being a practicable commercial mix alternative (Table 1). Efﬁcacy of
potting mixture was measured by evaluating seedling emergence (percent
emergence), growth (seedling height), and percent chlorosis/necrosis (visual
estimate of the amount of yellowing/ browning on a scale from 0 [none] to 100
[complete]) over the 36-day growing period. Germination trials were also
conducted with eight replications of each of the four varieties over a 20-day period,
to establish a baseline of seed vigor based on germination to be compared to
potting mixture emergence results.
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Table 1. Potting mixtures and their component ratios used in the experiment.
Name

Components

Ratio

Commercial

Commercial Potting Mix1 - inoculated mushroom
compost

1

UHDP

Soil, compost2, manure3

5:1:1

Marcia

Rice hull, shredded coconut coir, compost

1:1:1

Modiﬁed
Marcia

Rice hull, shredded coconut coir

1:1

Heavy

Rice hull, soil, compost

1:1:1

Light

Rice hull, chunked coconut coir, shredded coconut
coir

1:1:1

Biochar

Charred rice hull4, rice hull, shredded coconut coir

1:1:1

1

ECHO Asia staﬀ purchased “Excellence Soil Brand Dr. Pornchai” commercial potting
mix, a dark loamy material made with the addition of Trichoderma mushroom
culture and the polysaccharide chitosan, which acts as a biopesticide protection for
seed, from the Kamtieng Plant Market in Chiang Mai.
2

Compost, made from commonly found farm materials such as vegetative matter,
soil, and animal manure, is dense in nutrients and can be made on site (Menalled et
al. 2005).
3

Manure was obtained from free-range cattle dung.

4

Charred rice hull has the potential to improve plant productivity in much the same
way that wood-based biochar has been shown to do (Graber et al. 2010). We realize
that our charred rice hulls were not formally treated as biochar, because they were
not mixed with compost and allowed to sit for several months (See ECHO Asia Note #
9 Biochar: An Organic House for Soil Microbes
(https://www.echocommunity.org/resources/47c672fc-949e-4f48-b16b3054c791a7f8)).
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Results
Emergence
Species, potting mix, and the
interaction between species and
potting mix had no signiﬁcant effect
on overall emergence rate. However,
the mean number of days to 50%
emergence did vary signiﬁcantly
based on species.

Figure 1. Seedlings

Seedling Growth
The signiﬁcance of species, potting mix type, and their combined interaction upon
seedling length changed over the course of the seedlings’ growth (Figure 4). At 10
and 20 days after planting, there was no signiﬁcant interaction between potting
mixture type and plant species. By 30 days after planting, species and potting mix
treatments continued to exert signiﬁcant effects on seedling height as independent
factors, and the interaction between these two effects became moderately
signiﬁcant. Differences among potting mix types at 30 days of growth were more
distinct, with commercial and UHDP mixes exhibiting the greatest seedling height.
The interaction between species and potting mix type was signiﬁcant at 30 days,
with each individual species exhibiting a unique response to potting mix type, as
opposed to generalized responses to potting mix at previous time intervals.
While UHDP and commercial mix were among the top two performing mixes for
each species, they varied by species as to the level of superiority over other mixes.
For lablab seedlings, UHDP mix yielded signiﬁcantly taller seedlings compared to all
other mixes. Moringa seedlings were only signiﬁcantly taller in UHDP mix when
compared to those grown in heavy mix. Pumpkin seedlings grown in commercial
mix were not signiﬁcantly taller than those grown in UHDP mix, although they were
signiﬁcantly taller than seedlings grown in all other mixes. Pumpkin seedlings
grown in UHDP mix were only signiﬁcantly taller than those grown in biochar and
heavy mixes. Tomato seedlings grown in UHDP mix and in commercial mix grew
equally well, and signiﬁcantly better than all other mix treatments. However, seedling
height alone is not always indicative of plant health, as etiolation (elongation of
plant stems) can be a sign of stressors, including lack of light.
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Figure 2. Measuring seedling growth

Figure 3. Visual evaluation of chlorosis/necrosis
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Seedling Health
After 36 days of
growth, harvested
seedlings displayed
signiﬁcant
differences between
species and
between potting mix
types for all
dependent
variables: seedling
height, necrosis,
Figure 4. The effect of potting mixture, species and date
chlorosis, fresh
[10 (white), 20 (light grey), and 30 (dark grey) days after
weight, and dry
planting] on seedling length (mm). Different letters above
matter mass. In
bars denote the signiﬁcant effect of species on overall
addition, signiﬁcant
germination rate, F = 5.99, p = 0.0041. Error bars
interactions
represent ±1 SE of the mean.
occurred between
seed species and
potting mix type for
all post-harvest dependent variables. Seedling length at time of harvest varied
signiﬁcantly by the interaction of species and potting mix type. Lablabs grown in
UHDP mix grew signiﬁcantly taller than all other seedlings except lablabs grown in
commercial mix. Tomatoes ranged greatly in ﬁnal seedling height. Single potting mix
types also displayed varied seedling height by species. In the UHDP potting mix,
mean lablab seedling heights were signiﬁcantly taller than the other three species,
which were not signiﬁcantly different from each other. Modiﬁed mix supported
lablab plants of intermediate height, while it produced the lowest level of tomato
seedling growth.
Chlorosis and necrosis were used as
measures of health before harvest.
Seedlings varied signiﬁcantly in
chlorosis and necrosis levels by
species, by potting mix and by the
interaction of those two factors
(Figure 5). For tomato abd pumpkin,
levels of necrosis and chlorosis varied
more than for moringa and lablab
seedlings (Figure 5). On average,
lablab and moringa plants never
reached levels of necrosis higher
than 10% or levels of chlorosis higher
than 25%. Pumpkin and tomato
plants in certain potting mixes
reached necrosis levels higher than
20% and levels of chlorosis higher
than 40%.

Figure 5. The effect of seed species and potting mix on
necrosis levels (%) at time of harvest, 36 days after
planting. Error bars represent ±1 SE of the mean.
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Seedling biomass
dry matter varied
signiﬁcantly by
species, potting
mixture, and the
interaction of
species and potting
mixture (Figure 6).
Primary productivity
of each species’
seedlings, as
measured by
biomass dry matter,
Figure 6. The effect of seed species and potting mix on
varied noticeably for
dry biomass dry matter (g) at time of harvest, 36 days after
lablab and pumpkin
planting. Error bars represent ±1 SE of the mean.
specimens by
potting mixture
treatment (Figure 6). For moringa and tomato, the differences between potting
mixture treatments were less dramatic (Figure 6). Grown in UHDP mix, lablab and
pumpkin achieved the highest level of biomass dry matter at 4.6 ± 0.5 g and 4.6 ±
0.4 g, respectively. Moringa and tomato seedlings grown in UHDP mix gained much
less dry biomass over the 36-day growing period (0.7 ± 0.4 g and 1.1 ± 0.4,
respectively).

Conclusion
In this study, we explored the effect of potting mixture composition and species type
on emergence and vigor of seedlings grown in a tropical nursery setting. Previous
studies indicated that rice hulls and coconut coir are appropriate additions to or
substitutions in typical potting mixes, with innocuous effects (Ahmed et al. 2012).
Addition of rice hulls and coconut coir to potting mixtures is thought to minimize
risk of pathogens and growth of weeds. These ingredients can increase porosity
and prevent water logging of soil due to their status as a soilless material and their
physical properties. Charred rice hulls have been identiﬁed as an enhanced form of
soilless material, when correlated with increased fertility of potting substrate
(Graber et al. 2010).
Our results cannot support nor discredit these claims. However, our results do
suggest that nutritional qualities of soil-based substrates might be more important
to overall plant growth than the relatively sterile environment and physical
properties offered by soilless substrates that we used in the experiment. This is
particularly relevant in resource-limited settings where additional fertilizer is
economically restrictive.
During the rainy season, poor drainage of a substrate can decrease seed
germination rates, by increasing the chance of seed rot and hindering water
balance in the seedling (Zhu et al. 2007). In designing our mixes, we were most
interested in the role that water status of the substrate plays in the growth of the
plants, and therefore did not incorporate fertility status of the substrate into the
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experiment. We added rice hull and coconut coir to mixes to increase drainage
capacity and to decrease negative effects from oversaturation of water in the young
plants. The data indicate that in this ﬁeld study, drainage capacity played a lesser
role in successful seedling growth than previously postulated. However, these
results are grounded in the particular setting and needs of the ECHO Asia Seed
Bank in northern Thailand and are ultimately primarily most applicable to this
speciﬁc sub-tropical climate during rainy season.
The results from our study suggest that by day 30, nutrient status was a limiting
factor to plant growth. Earlier in the study, potting mix type did not signiﬁcantly
impact seedling growth. This implies that for plants potted for only a short time,
mixtures of a lower nutrient status might be a viable option for growers with
restricted access to fertility sources. Therefore, the planned time spent in a nursery
setting is an important factor to consider when selecting a potting mixture.
In our study we did not amend potting mixtures with any fertilizer. Future studies
should explore the effect of adding a slow-release or liquid fertilizer to the potting
mixtures. Additionally, future studies could add drainage- improving materials (such
as coir, or rice husk) to the UHDP mix to increase porosity. Use of osmocote or
other nutritional supplements to potting mixtures is common practice in the nursery
industry. Other lower-cost methods of fertilization, such as ground bone or blood
meal, and fertilizer from drained ﬁsh ponds could be added instead. Addition of a
fertilizer would allow us to explore the effect of physical- chemical variation, without
the confounding variable of nutrition differences among mixtures.
A secondary study could measure nutrient levels in the potting mix samples before,
during, and after growth of a seedling. Obtaining a nutrient proﬁle would allow us
to better examine variation in nutrient status of different mixes and adjust for
variation in soil- based materials from batch to batch. Potting mixes could also be
used in secondary and tertiary plantings, to gauge the fertility of a mix over a longer
time frame.
Charred rice hulls were included in the study because of their availability and use in
the nursery industry of Thailand. However, research related to biochar suggests that
charred material is best utilized after that material has been thoroughly
incorporated with nutrient- and microbe-rich substrates, kept moist, and charged
for several months. The biochar material used in this study was not charged prior to
incorporation with our potting mixtures. When used appropriately, the use of
biochar in a potting mix may have many beneﬁts to plants including: better water
holding capacity, improved drainage, higher Cation Exchange Capacity (CEC) for
holding nutrients, and improved habitat for microbial organisms, all of which may
contribute to an ideal potting mix in resource-constrained settings. Future research
should focus on the incorporation of biochar (with and without substrate aging)
into soilless mixes for use as a potting soil in nurseries.
The timing of this study was limited to the rainy season in Thailand. It would beneﬁt
from replication in both the dry and rainy seasons. Mixtures that did poorly under
the high moisture, relatively high temperatures of the rainy season might fare better
in the drier months of a hot or cold season. Just as the ECHO Seed Bank grows
different plants in the different seasons, methods for cultivation must also vary due
to changing climatic patterns.
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The study would also beneﬁt from testing successful mixes in this study (such as
UHDP mix) with a different variety of plant species. We attempted to provide a wide
spectrum of plant types to establish a baseline of usefulness for each mix that could
be broadly applicable. A follow-up study would focus on species that are
speciﬁcally well-suited for transplanting or that beneﬁt from a longer grow-out
period in the nursery. Tree species, such as moringa and acacia, which often have
trouble starting from seed in the ﬁeld, would beneﬁt from a long-term study of
health and growth in potting mixtures.
Grounding this study within the context of the ECHO Asia Regional Seed Bank
presented a unique opportunity to explore alternatives appropriate for a speciﬁc set
of resource-constrained farmers. Innovation at the seed bank is based on
techniques applicable for ECHO’s partner communities and network partner NGOs.
This study successfully demonstrated that a low-cost mix, using materials easily
obtained from the local vicinity, could yield as healthy—or healthier—plants than
those grown in expensive commercial potting mixes. A smallholder farmer or
backyard gardener can make UHDP mix with little extra cost or labor. In this
particular study, we found that UHDP mix was optimal for Northern Thai growers in
resource-constrained settings.
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Research Note

Winged Bean Variety Trial
Tim Motis

Keywords: winged bean, legume, variety trial

Abstract. A comparison trial of winged bean varieties was conducted at the ECHO farm in North Fort
Myers (zone 9a/10b), Florida. Seven varieties of Psophocarpus tetragonolobus were evaluated for pod
production, pod length, and seed production. Winged bean plants were planted on August 18th, 2006.
Pods were harvested six times between the twentieth and thirty-first week after planting. ‘Ribbon’ and
‘Bogor’ were the highest pod and seed producers. The large, crimson-red pods of ‘Chimbu’ may give
it extra market appeal. Pods of ‘Flat’ and ‘Square’ are shaped as their names imply; with these varieties,
shipping-related damage to the pod wings would probably be minimal.

Introduction and Purpose
Winged bean (Psophocarpus tetragonolobus), an amazingly productive and multi-purpose legume, grows
as a vine typically staked on 1.5 to 2 m (5 to 6.5 ft) poles or trellises. Likely originating in the Asian tropics,
it thrives in hot, humid areas and grows at elevations up to 2000 m (6562 ft).
In 1975, the US National Academy of Science published a study of winged bean. An incredible amount of
interest and research followed. The reasons for this were many:
•

Nearly all parts (pods, beans, leaves, flowers, and tubers) of the plant are
edible to humans. Note that tubers must be cooked, and leaves should be
cooked if eaten in quantity.

•

Productivity of leaves [8 t/ha (7137 lb/acre)], pods [10 to 40 t/ha (8922 to
35,687 lb/acre)] and seed [usually 2 t/ha (1784 lb/acre)] is high.

•

Leaves are exceptionally high in vitamin A, and both the leaves and pods are
fair sources of vitamin C.

•

Seeds contain up to 37% protein (or more, according to some sources), with a
nutritional value similar to that of soybean.

•

Seeds are a source of low-cholesterol, edible oil (about 17% can be
extracted).

•

Seeds in storage have shown resistance to bruchid beetles.

•

Tubers contain an average of 20% protein, several times the protein of potatoes.

•

After harvesting pods to eat as a vegetable, the stems and leaves can be used
as animal fodder.

•

The plant thrives in hot, humid areas and tolerates many plant diseases and
pests.

•

If residue is added to soil, winged bean can improve soil fertility, as it is highly
effective in fixing nitrogen.
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Figure 1. Winged
bean pod with pen
to demonstrate
relative length.
Source: ECHO
Staff
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When ECHO first wrote about winged bean (Amaranth to Zai Holes, pages 70-71), we had been distributing winged bean seeds for 14 years. At that time, our overall impression from our network was that there
had been no major success introducing winged bean outside of countries where they were already popular. Harvest trial reports since 1995 indicate no change in that assessment. Several attributes of winged
bean limit its potential:
•

The hard seeds take a lot of time—and firewood—to cook.

•

Seeds may need to be soaked in water or nicked before planting for optimum germination. [Note:
ECHO has obtained excellent germination without nicking the seeds.]

•

Special recipes are usually needed to make the seeds and tubers tastier.

•

Staking is required for maximum pod production.

•

It is adversely affected by waterlogged (extremely wet and poorly drained) soil.

•

Short days are required in order for most varieties to flower. [ECHO carries a day-neutral type that
flowers regardless of day length.]

•

Not all varieties produce tubers.

•

Plant roots are badly damaged by root knot nematodes [as are most beans].

Yet, we continue to receive numerous requests from overseas for winged bean seeds. Thus, it merits
thought as to how this crop might be of benefit.
In finding a niche for winged bean, determine which part(s) and attributes of these plant parts will be of
greatest benefit to farmers. Varieties differ in how much of a particular plant part they produce.

Materials and Methods
Among seven varieties evaluated in a trial at ECHO Global Farm in North Fort Myers, Florida (Table 1).
Varieties also differ with respect to pod color, size and shape. The large, crimson-red pods of ‘Chimbu’
may give it extra market appeal. Pods of ‘Flat’ and ‘Square’ are shaped as their names imply; with these
varieties, shipping-related damage to the pod wings would probably be minimal.

Figure 2. Trellis and trial design in North Fort Myers, Florida. Source: ECHO Staff
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Seven winged bean varieties were planted on trellises at ECHO on August 18th, 2006 (Figure 2) and
harvested six times between the 20th and 31st week after planting (WAP). At each harvest event, grams of
mature,dry pods (with seeds) per plant, grams per pod, timing of pod production, mature pod length,
total dry seed yield, seed weight, and tuber attributes were collected.
Data from six plots were averaged.

Results and Discussion
Table 1. Total grams (g) of mature, dry pods (with seeds) per plant, grams per pod, timing of pod
production, mature pod length, total dry seed yield, seed weight, and tuber attributes for seven winged
bean varieties planted at ECHO on 18 Aug. 06 and harvested six times between the 20th and 31st week
after planting (WAP). Data from six plots were averaged.

Variety

Pod yield and timing of production

Pod
length

Seeds

g/plant g/pod WAP pods harvested

cm

g/plant g/seed

Tubers

Bogor

132

4.7

22nd to 28th

16.1

58

0.28

none observed

Chimbu

41

8.7

20 to 22

26.0

16

0.33

small and thin

Day Neutral

61

3.3

20 to 26

16.9

25

0.28

medium-sized

th

th

th

nd
th

Flat

88

4.4

20 to 26

18.6

36

0.25

none observed

Ribbon

122

6.6

22nd to 31st

18.2

51

0.38

none observed

Siempre

28

3.6

22 to 31

12.2

11

0.23

large roots/tubers

Square

th

nd

st

68

5.2

22 to 31

20.4

24

0.27

thick roots

P value*

0.011

0.001

not applicable

<0.001

0.006

0.168

not applicable

LSD value*

62.4

1.47

2.63

26.5

N/A

not applicable

nd

st

*For those interested in statistics, real (statistically significant as opposed to chance) differences
between values within a column exist if the P-value for that column is less than 0.05. Within a column,
any two numbers are statistically similar unless the difference between them exceeds the least significant difference (LSD) value given for that column.

Growing practices influence production of various parts of the plant. Tall stakes favor pod and seed
production over tuber production. In Malaysia, seed yields were maximized to 6.26 t/ha by supporting
vines on 2 m (6.6 ft) stakes, harvesting an initial crop of mature pods, and then ratooning at 19 weeks after
seed germination. Ratooning involved cutting the plants 30 cm above the ground, resulting in regrowth
of vines and pods.
Success introducing winged bean also requires careful thought as to how to prepare it for eating and
then transferring that knowledge to local farmers. A few quotes from members of ECHO’s overseas network of community development workers illustrate the point: “People don’t like the taste although they
did not prepare them correctly.” “Locals do not really know this vegetable yet. We are still trying to promote it as part of their diet.” “My experience…is that they prefer not to try new cultivars or vary their diet.”
When growing winged bean for fresh pods to be eaten like green beans, the pods must be harvested
while young and flexible enough to bend without breaking. When harvesting mature pods for dry bean
production, consider ways to reduce the cooking time needed to soften the seed coats. A method suggested by Dr. Frank Martin and quoted in Amaranth to Zai Holes (page 279) reads as follows: “Measure
the volume of beans to be cooked. Rinse and add 5 volumes of water. To the water add 1% sodium bicarbonate sold as soda or baking powder [about ½ teaspoon per cup of water]. Boil the beans and simmer
for 3 minutes. Remove from heat and soak the beans in the solution overnight. The following day, discard
the soaking water, rinse twice with fresh water and boil in double their volume of fresh water for 20 to 25
minutes.” For other cooking hints, read ECHO Technical Note “Winged Bean Recipes.”
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Research Note

Alternative Germination Mixes for Starting Transplants
Terri Lynn Paulson, Trey Nation, Dr. Tim Motis, Timothy Watkins and Andrew Cotarelo

Keywords: potting mix, germination, potting medium, nursery management

Abstract. A trial was conducted at ECHO Global Farm in North Fort Myers, Florida to make and evaluate
potting mixes that could serve as effective substitutes for purchased potting mediums, since ready-made
potting mixes are typically unavailable, impractical or expensive in many developing countries. Twelve
potting mixes in total were evaluated, each with it’s own unique ratio of materials. Materials used include
compost, manure, sand, rice hulls, and charred rice hulls. All mixtures were compared to a comercial
potting mixed FafardTM 2 Mix. Of the alternative potting mixes, recipe 9 (1:1:1 Manure, Compost, Charred
Rice Hulls) produced the most seedling biomass. Recipe 9, as well as recipes 10 (2:2:1 Manure, Compost,
Sand) and 12 (1:1 Manure, Compost), all resulted in healthy seedlings with similar total weights as with
pure Fafard 2 Mix.

Introduction and Purpose
ECHO staff are sometimes asked what we recommend for a germination medium in situations where
seeds or seedlings need to be started in pots or plastic sacks before going out to the field. This past
summer, we conducted a trial at ECHO to make and evaluate potting mixes that could serve as effective
substitutes for purchased potting mediums, since ready-made potting mixes are typically unavailable,
impractical or expensive in many developing countries. Nurseries usually resort to developing some ratio
of topsoil, sand, and organic material (e.g. animal manure and/or compost) to serve as a potting medium.
For our trial, we sought to use ingredients that would be accessible in many areas of the developing
world. Based on some common potting mix recipes, we developed a series of recipes using the following
components: sand, cow manure, compost, and both charred and un-charred rice hulls.
The trial was conducted in the ECHO greenhouse, where seedlings could be monitored and watered
regularly. Using maize (Zea mays) as an indicator crop, our goal was to identify one or more potting
mediums that would prove suitable for a healthy, uniform population of seedlings for use as transplants.

Materials and Methods
We chose the following twelve potting mix recipes with which to conduct our experiment in Summer
2009:
1.

100% FafardTM 2 Mix (Control 1; www.fafard.com)

2.

ECHO-modified FafardTM 2 Mix (Control 2; contained soluble fertilizer, dolomite (lime containing
calcium and magnesium), and mycorrhizae)

3.

4:1 Manure, Sand

4.

2:1 Manure, Rice Hulls

5.

2:1 Manure, Charred Rice Hulls (burned slowly in a pile with little or no flame)

6.

4:1 Compost, Sand
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7.

2:1 Compost, Rice Hulls

8.

2:1 Compost, Charred Rice Hulls

9.

1:1:1 Manure, Compost, Charred Rice Hulls

10. 2:2:1 Manure, Compost, Sand
11. 1:1:1 Manure, Compost, Rice Hulls
12. 1:1 Manure, Compost
Each recipe was replicated four times. For each replication, 25 maize seeds were planted individually
in cells of a planting tray, one inch (2.5 cm) deep. Trays were arranged in the greenhouse using a
randomized block design, and were uniformly watered on a daily basis. Except for the ECHO-modified
FafardTM 2 Mix, no additional fertilizer was added to any mixtures.
Two weeks after seeding, we counted the number of plants in the center nine cells of each maize
replication, rated leaf color, and measured plant height (germination, color and height data are shown in
Table 1).
Table 1. Effect of potting mix on maize seedling height, leaf color, biomass and plant number with nine
planted seeds.
Potting Mix

Height
(cm)

Color*
(1-5)

Total
Mass (g)

Root
Mass (g)

Shoot
Mass (g)

Plants
germinated
(no.)

1. 100% Fafard

30

2.75

44.75

20.75

24

8

2. ECHO Fafard Potting Mix

40.25

4.25

66.75

20.33

51.5

8.75

3. 4:1 Manure, Sand

21.75

4

23

7.5

15.5

8.25

4. 2:1 Manure, Rice Hulls

13.75

4.25

9.5

4.38

5.13

5

5. 2:1 Manure, Charred Rice Hulls

24.5

4

25.75

8.75

17

8.33

6. 4:1 Compost, Sand

13

1.5

15.5

10

5.5

8

7. 2:1 Compost, Rice Hulls

11.75

1

17.75

11

9.5

8.25

8. 2:1 Compost, Charred Rice Hulls

23.5

4.25

32.5

12.5

20

8.25

9. 1:1:1 Manure, Compost, Charred 30
Rice Hulls

4.25

49.25

17.25

32

9

10. 2:2:1 Manure, Compost, Sand

27.25

4.25

38

13.25

24.75

8.75

11. 1:1:1 Manure, Compost, Rice
Hulls

23.5

3.75

28.75

12

16.75

8

12. 1:1 Manure, Compost

29.75

3.75

41.75

15.25

26.5

8.5

P value**

<0.001 <0.001

<0.001

<0.001

<0.001

0.008

LSD value**

7.01

12.75

5.01

9.06

1.67

0.69

*Color of shoots was rated on a scale of 1-5 with 1 being yellow and 5 being dark green.
**Significant differences between values within a column exist if the corresponding P value is equal to
or less than 0.05 (5 % level of significance). Within a column, any two values are statistically different if
the difference between them is greater than the corresponding least significant difference (LSD) value.

Results and Discussion
Total biomass serves as an overall indicator of maize growth. The best maize growth, as indicated by total
biomass, occurred with the ECHO-modified FafardTM 2 Mix (Table 2). Interestingly, this mix resulted in
better plant growth than the pure FafardTM 2 Mix, indicating that the seedlings responded favorably to the
amendments added by ECHO staff.
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Of the alternative potting mixes, recipe 9 (1:1:1 Manure, Compost, Charred Rice Hulls) produced the
most seedling biomass. Recipe 9, as well as recipes 10 (2:2:1 Manure, Compost, Sand) and 12 (1:1
Manure, Compost), all resulted in healthy seedlings with similar total weights as with pure FafardTM 2 Mix.
Each of these mixtures contained both manure and compost and resulted in more seedling growth than
mixtures with just one or the other of these ingredients combined with sand or rice hulls.
Mixtures containing charred rice hulls did quite well. However, un-charred hulls seemed to allow the
mixture to dry out rapidly, so that fewer seeds germinated (Table 1). Those that did germinate showed
nutrient deficiencies, likely because the high carbon to nitrogen ratio of the un-charred rice hulls made
nitrogen unavailable.
Table 2. Results of germination mix trial, showing total mass, root mass and shoot mass of maize plants
grown in each type of mix. Top alternative performers are shown in boldface type below.
Biomass (grams plant material in 9 planting cells)
Total

Root

Shoot

100% Fafard 2 Mix

44.8

20.8

24.0

ECHO-modified Fafard 2 Mix

66.8

20.3

51.5

4:1 Manure, Sand

23.0

7.5

15.5

2:1 Manure, Rice Hulls

9.5

4.4

5.1

2:1 Manure, Charred Rice Hulls

25.8

8.8

17.0

4:1 Compost, Sand

15.5

10.0

5.5

2:1 Compost, Rice Hulls

17.8

11.0

9.5

2:1 Compost, Charred Rice Hulls

32.5

12.5

20.0

1:1:1 Manure, Compost, Charred Rice Hulls

49.3

17.3

32.0

2:2:1 Manure, Compost, Sand

38.0

13.3

24.8

1:1:1 Manure, Compost, Rice Hulls

28.8

12.0

16.8

1:1 Manure, Compost

41.8

15.3

26.5

P value*

<0.001

<0.001

<0.001

LSD value*

12.8

5.0

9.1

*Significant differences between values within a column exist if the corresponding P value is equal to or
less than 0.05 (5 % level of significance). Within a column, any two values are statistically different if the
difference between them is greater than the corresponding least significant difference (LSD) value.

Conclusions and Recommendations
Considering that seedling growth was best with ECHO-modified FafardTM 2 Mix amended with soluble
fertilizer, dolomite (lime containing calcium and magnesium) and mycorrhizae, other mixtures would likely
be improved by these amendments. This could be an area for further experimentation.
Combining materials (e.g. manure and compost) seems to increase the likelihood of obtaining a
beneficial combination of nutrients/fertility and soil structure.
When using an amendment with a high carbon to nitrogen ratio, such as un-charred rice hulls, consider
how well the resulting mixture retains moisture and what possible implications it will have on resulting
nutrient availability to seedlings. High-carbon, woody materials can decrease fertility for a time as the
microbes breaking them down tie up nutrients to sustain themselves at the expense of plant uptake.
This experiment was not exhaustive. For instance, we did not experiment with topsoil. Please let us know
of your findings if you experiment with other recipes and ratios.
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