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Abstract

The organic sector has become one of the fastest-growing agricultural movements in the United States. Weed management is one of the most
significant challenges for organic vegetable growers since weed interference reduces crop yield and quality. This paper aims to share an innovative
method to design, develop, and implement a multivariate- multifunctional database to help small-scale organic mixed vegetable farms to prevent
the spread of weeds from the seeding stage of production. We monitored different types of vegetables in spring 2019 that were produced on a 0.5-
acre plot in a small urban farm in Guilford County, North Carolina. We documented the environmental and climatic factors for all vegetables. The
database we collected incorporates numbers of records, description of conditions, and photo images of vegetable and weed growth. The expected

contribution of this study is to determine or calculate.

¢ The correlation between vegetable growth, weed growth, and circumstantial factors while taking into consideration human decisions and

climate variations.

¢ The average and optimized vegetable plant growth rates corresponding to natural and human factors.

e The survival ratio between vegetables and weeds under a well-monitored environment.

Keywords: Critical period; Monitoring; Organic farming; Gather images

Introduction

Agricultureisthe foundation ofall culture. Itanthropomorphizes
a decisive part in the expansion of human civilization. Recently
there is an orientation towards organic agriculture, especially in
the United States [1]. Many states have made remarkable progress
in promoting and supporting organic farming because it provides
significant benefits for farmers as well as consumers and the
environment. Organic agriculture will reduce human health hazards
resulting from inhalation and dermal absorption of herbicides, and
the environmental benefits behind organic-farming are to conserve
biodiversity, improve soil quality, and to reduce greenhouse gas
emissions [2].

Farmers face significant challenges in farming as weeds are a
threat to farmers and their crops; they reduce crop yield and the

quality of production as well. Weed interference has been seen as

@ @ This work is licensed under Creative Commons Attribution 4.0 License|W]ASS.MS.ID.OOOS96.

one of the most significant constraints to crop production around
the world. Several measures can be used to ensure the survival and
productivity of these crops [3]. Thereis a sensitive and critical period
during the crop life cycle, during which weeds must be removed to
prevent yield losses. This critical period is defined in different ways
by various researchers. Amador-Ramirez [4] monitored chili pepper
plants in a nonorganic farm in Calera Agricultural Experiment
Station, Mexico, to determined the critical period of control weeds.
The Amador-Ramirez experiment was applied in the spring season.
The dominant weed species observed in the study were Simsia
amplexicaulis, Amaranthus palmeri, Helianthus petiolaris, Bidens
odorata, Galinsoga parviflora, Eragrostis curvula, and Chenopodium
album. The experiment suggested removing weeds within 0.9- 2.1
weeks after transplanting to prevent yield losses. Nadeem et al.

[5] determined that the critical period for weed control of black
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seed is within forty days after initial weed germination. The A field
experiment was conducted at the Agronomic Research Area, in
Pakistan on a nonorganic farm during the winter season in 2006
and 2007. The types of weeds observed in the experiment were
Chenopodium album and Convolvulus arvensis.

Nurse et al. [6] studied the optimal planting date and critical
weed-free period for grain amaranth and quinoa. They concluded
that the critical weed-free period is twenty-four and sixteen days
after emergence for grain amaranth and quinoa, respectively.

The two experiments were conducted at the Greenhouse and
Processing Crops Research Center, in Ontario, in 2013 and were
repeated in 2014 every two weeks from early May to late July. The
experiment was organically managed and kept weed-free using
inter-row cultivation and hand-weeding. The weed types observed
during the trial were Abutilon theophrasti, Amaranthus retroflexus,
Amaranthus hybridus, Chenopodium album, Digitaria sanguinalis,
and Panicum dichotomiflorum. Mohammadi et al. (Mohammadi et
al,, 2005) studied the critical period for chickpea and found that
weeds should be removed within 17 to 60 days after chickpea’s
emergence, to prevent more than 10% seed yield loss. The
experiment was conducted in two nonorganic sites: the first one at
Tabriz, Iran, in May 2002, and the second site at Kermanshah, Iran,
in May 2003. The weed types observed during the experiment were
Convolvulus arvensis, Chenopodium album, Polygonum aviculare,
and Acroptilon repens Calflora. Tursun et al. [7] conducted studies
on the experimental farm in Turkey, in 2002 and 2003 to determine
the critical period for weed control in leeks. The results of this
study proposed that leeks should be kept weed-free between 7
and 85 days after transplanting to avoid yield losses. The most
prominent weeds in the experimental plot were Brassica kaber
(DC.) Wheeler, Convolvulus arvensis, Cyperus rotundus, Portulaca
oleracea, Chenopodium album, Datura stramonium, Sorghum
halepense, Cirsium arvense, and Amaranthus retroflexus. They used

hand hoeing to remove weeds.

The determination of the critical period to remove weeds plays
a crucial role in the weed-crop competition, but the climate and
environmental changes also affect crop growth since agriculture
enormously relies on climate conditions and is, therefore, exposed
to change and variability [8].

The evolution of the environmental conditions such as the
temperatures, dense rain patterns, and the increase of extreme
weather events, affect agricultural productivity [9]. Also, an
accurate definition of both the environmental conditions and of the
plant response is a precondition for the conduct of repeatable and

explanatory experiments [10].

Farmers, in general, aim for higher crop yields in all
environmental conditions by supporting crops to cope with
climate change and environmental conditions [10]. Manske [11]
mentioned that the most significant environmental factors affecting
plant growth are light, temperature, and water. The rate of plant
growth depends on the temperature surrounding the plant; at the
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same time, the response to temperature is different from one plant
to another [13]. Most plants need a similar balance of nutrients to
maintain optimal growth [14].

Moustakas & Evans [15] studied the survival rates of ten tree
species in a dataset from the Environmental Change Network,
Wytham Woods, in Oxfordshire, UK. Designed to observe growth
rates, they included growth rates, size, and light availability as
variables in the model that predicted tree survival rates. They found
that large trees have a higher survival rate than small trees at the
early stage of production and that it better to use the size variable
than using light variable or growth rate variable when predicting
tree survival rate.

Since weeds limit crop yield through immediate competition
for light, water, and nutrients [16], many other environmental and
crop management practices can affect crop-weed competition. The
use of herbicides is a standard method for controlling the growth
of weeds. However, in organic farms, the use of herbicides is not
allowed [17].

Organic farming relies heavily on mechanical cultivation
and hand weeding. Some researchers favor mechanical methods
to control weeds more than hand weeding because it requires
less time and costs less than hand weeding [18]. However, using
mechanical methods to remove weeds within the crop rows is
difficult. The equipment may damage the plants if weeds are close
to the plant [19].

Researchers that support hand weeding have a different
point of view; they consider it as a practical and efficient way of
removing weeds within rows, but at the same time, they agree that
itis incredibly tedious and time-consuming [20]. For example, with
carrots and onions, hand weeding is still needed after mechanical
weeding; approximately 200 person hours/ha are usually
required [12]. This causes farm workers to labor in stooped and
uncomfortable positions for long periods, which can lead to serious
chronic health problems for workers, increasing the cost for labor
care [21,22]. Hypothetically, farmers would like to achieve minimal
to no-weeds on their farms. In practice,, this may not be achievable,
but any reduction in weeds will make weed control operations less

expensive [22].

Recently, researchers integrated digital image processing to aid
in weed control by differentiating between weeds and crops. For
instance, [23] proposed the use of Image Processing to segment
crop and weed images, and Convolutional Neural Networks (CNN)
for classification. The dataset they used for this analysis was from
the GitHub portal for carrots plants [24], and they used weed size
features in their weed identification. The algorithms developed are
based on an excessive green color algorithm to remove unwanted
species; then, they used image enhancement techniques to reduce
noise from the images. A labeling algorithm and segmentation
between crops and weeds is done by selecting an appropriate
threshold value. The photos were taken in March and April in 2013
in the Indian agricultural field for sugar cane and corn crops.
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Montalvo et al. [25] applied double automatic thresholding to
distinguish weeds and crops in maize fields with high weed pressure.
And the method gain effectiveness and accuracy for crop and weed
separation. The images were taken in a 1.7 ha experimental field of
maize on Madrid in April -May 2011, and April - May 2007.

Gerhards et al. [26] proposed a system for site-specific weed
control. The system includes on-line weed detection using digital
image analysis, computer-based decision making, and Global
Positioning System-controlled patch spraying to a potential
reduction in herbicide use. The herbicide use was reduced in
winter grain by 6-81% for herbicides against broad-leaved weeds
and 20-79% for grass weed herbicides. The database was collected
in Dikopshof Research Station near Cologne, Germany, in 2004, and
they choose four fields for this experiment consisting of maize 4.6
ha, winter wheat 5.3 ha, winter barley 8.5 ha, and sugar beets 5.8
ha.

The objective of the current study is to introduce an innovative
method to monitor weed growth for early weed control and build
a multivariate-multifunctional database to help small-scale organic
mixed vegetable farms to prevent weeds from starting from the
initial stage of production. Another objective is to use the image
dataset that we collected for discrimination and classification
purposes between crops and weeds using digital image processing.

Materials and Methods
Overview

Monitoring is a powerful tool to address problems in the
early stages before they become dramatically visible. If a weed
is identified early, one can manage it at a low cost [27]. So,
through monitoring, we aim to control weeds in the early stages
of production at small-scale organic mixed vegetable farms to
develop a Multivariate-Multifunctional database. The database was
collected in a small Urban Teaching Farm in Guilford County, North
Carolina (lat. 36° 3’ 28.6596” N, long. 79° 48’ 2.8692” W) in spring
2019 starting from late January untinn early May. We monitored
different types of vegetables (beet, carrot, kale, swiss chard, pepper,
peas, and several kinds of tomato, lettuce, and onion), which were
produced in a 0.5-acre plot. The digital images were taken using
the Samsung Galaxy S8 Plus (Samsung SM-G955U) camera and the
camera resolution is 12 Megapixel.

The Urban Teaching Farm is not a certified organic farm, but
they practice organic farming. Farmers in general divided the
work into two production stages: stage one starts seeds in the high
tunnel. The farm-crew will sow seeds into seed trays inside the high
tunnel for 6-8 weeks, then move them to the actual field, which is
the second production stage. In our work, we monitored these two

stages.
Table 1: Vegetables that need the two production stages.
Vegetable Image Name Type Seeds per cell Number of trays
W * Beet Early Wonder Tall Top (Red Beets) 3 seeds 9 each tray has 50 cell
3 Kale Kale Russian 2 seeds 3 each tray has 50 cell
T T,
i L
J v Swiss Chard Beta vulgaris (Leaf Beet Group) 3 seeds 3 each tray has 50 cell
=
h - . onion Appach, onion long, red florence, 9 trays each tray has 128
onion . . . I seed
onion walla walla, Redwing onion cell
L Pepper Pepper Corno D.I TorolGlallo, Pepper 2 seeds 2 trays each tray has 50 cell
F Ajvarski
r
lettuce flashy, Gentllma}, butterhead, winter 2 seeds 4 trays each tray has 50 cell
romaine lettuce
Tomato black krim, Cherokee purple, early girl, I envelop for each kind 1 tray has 6 rows
, green zebra
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Table 1 shows the vegetables that need two stages of production,
the types of these vegetables, the number of trays and seeds per
cell. Table 2 shows the vegetables that were direct seeded in the

Table 2: Vegetables that need only the second production stage.

Volume 4-Issue 5

ground; in other words, plants in Table 2 need only the second
production stage.

Vegetable Image Name Type
{ Turnip Hakurei F1 Turnip
.1..!:..
%-i( Radish Watermelon radish
& N
Snap Peas Sugar ANN, sugar daddy, cascadia
* ﬂw ]
™=
Carrots Napoli carrots
fa'c 17
Fa

Through monitoring and documenting, we found that the
following parameters should be considered:

° The environmental and climate factors, and
° The growing condition.

° For the environmental and climate factors, we documented
the following for all vegetables in both production stages:

a. The plot soil characteristics: Daddy Pete’s Sea n’ Farm
soil was used in the first stage. The ingredients for the soil is
Daddy Pete’s Composted Cow Manure, Sphagnum Peat Moss,
Premium Aged Pine Bark Fines, Perlite, Sandy Loam, Oyster
Shell, Oceanic Fish Meal, Crab Meal, Shrimp Meal, Earthworm

Castings, Fossilized Bat Guano, Kelp Meal. For the second stage,
the soil sample test result are presented in Supplemental
material.

b.  Air temperature and humidity using the weather channel
application from the play store on the Samsung Galaxy S8 Plus
[34].

c. The weather conditions: the weather is sunny, cloudy, or
rainy, etc. Figure 1 shows different weather conditions and
lighting changes throughout the day time and on different days.

d. Soil temperature measured using soil thermometer inside
and outside the high tunnel.

~

Figure 1: Weather conditions and lighting changed through days.

J
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° For the growing condition, we documented the following  ground.

ters f h table:

parameters lor each vegetable e.  Plant height from the seedling stage to the semi-mature

a.  The total number of seeds in each cell. The farmer-crew stage, we used a ruler to measure the height for each plant.

ti t tw d h cell like beets, or th t

SOmELimes put two seecs per each cefl fike beets, or they put one f. Tray location and arrangement in the transplant stage. In
seed like the onion. . ,

the high tunnel, there are ten raised beds. We gave each tray a label

b.  The type of horticultural vermiculite used. from A to ]. Each raised bed has an eight tray capacity, and were

labeled labeled that in numbers from one to eight. Each tray has a

c. Types of weeds appearing in different stages

. name depending on the location of that tray, for example (A1, A2, ....,
corresponding to vegetable growth.
D1, D2, ]8). Figure 2 shows the trays’ position and the labeling for

d. The time and method of putting the transplants in the each one of them.

Figure 2: Trays location inside the high tunnel.
\ J

Swiss Chard Example information, we visited the farm to record all of the required data,
. ) o in a regularly scheduled time, two times a week (every Monday and
In this section, we will illustrate the way that we used to gather )
. Thursday). On Monday, one time a day at 10 am, and on Thursday,
these parameters and the way that we used to take images for .
. . . ) . three times a day at 10 am 12 pm and 3 pm. The data collected on
documentation. To illustrate that in depth, we will take the Swiss . .
. . Thursdays were sufficient to build results on, but we took extra data
Chard as an example to clarify the two production stages.
on Monday to have better results. Table 3 represents the schedule

First production stage: Inside the high tunnel: We monitored
the plants during the spring season since the plant’s growth is
faster in that season compared to other seasons [28]. Based on that

in the first production stage that we followed to visit the farm for
the Swiss Chard plant as an example. We monitored the plant from
Jan. 31, 2019 until Mar. 12, 2019.

Table 3: First production stage sequence visit schedule (the value O represents there’s nothing germination yet).

Air Soil L Plant Weed Weed  Weather 2 1 : :
Temp. Temp. Humidity Height Type Height Condition Tray# 3 crops crops  crops Nothing  Location
10:30 o no no Partly
1/31/2019 AM 27 74.2 38% seeds weed weed Cloudy 1 3 seeds 0 0 0 D4
until
11:30 2 3 seeds 0 0 0 D5
3 3 seeds 0 0 0 D6
1/31/2019 | 390 37 818 31% seeds no no mostly 1 | 3seeds| 0 0 0 D4
PM ’ ° weed weed cloudy
2 3 seeds 0 0 0 D5
3 3 seeds 0 0 0 D6
02-04- 10:00 no no
0,
2019 AM 51 69.8 68% seeds weed weed sunny 1 3 seeds 0 0 0 A3
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2 3 seeds 0 0 0 A2
3 3 seeds 0 0 0 Al
03-07- 3:00 o » no no Partly
2019 PM 45 63.9 25% 3.34 weed weed cloudy 1 21 28 1 0 H4
3.50” 2 29 20 1 0 H5
3.54” 3 25 25 0 0 H3
outside
03-11- 10:00 o ” no no Partly .
2019 AM 55 83.4 36% 4.33 weed weed cloudy 1 21 28 1 0 the high
tunnel
outside
4.05” 2 29 20 1 0 the high
tunnel
outside
4.33” 3 25 25 0 0 the high
tunnel
03-12- 9:00 o
2019 AM 45 36%
Plant them in the ground

Second production Stage: In the field: The second production
stage started when the farm-crew moved the plants from inside the
high tunnel to the field. We started monitoring the plants in this
production stage after the plant’s appearance until middle-stage
growth as plants will be strong after the middle-stage growth
and can win the competition with weeds for needs to live. At this
production stage, we visited the farm every day, three times a day,

Table 4: second production stage sequence visit schedule.

at (10 am, 12 pm, and 3 pm). We skipped a few days when there
was bad weather (snow or heavy rain), meaning we didn’t take
pictures of the plants, but we recorded the weather information.
Table 4 shows the schedule in the second production stage that we
followed to visit the farm for the Swiss Chard plant as an example.
We monitored the Swiss Chard plant from Mar. 12, 2019, until Apr.

1,2019.

10:00 AM 46 44 36% Fair 3.56” no weed no weed
3/12}2019 12:00 PM 52 46 27% partly cloudy 3.56” no weed no weed
3:00 PM 85 48 22% Fair 3.56” no weed no weed
10:00 AM 48 45 40% sunny 3.57” no weed no weed
3/1332019 12:00 PM 59 45 30% Fair 3.57” no weed no weed
3:00 PM 63 46 27% Fair 3.57” no weed no weed
10:00 AM 50 49% rain shower
3/14;2019 12:00 PM 66 49 55% Mostly cloudy 3.57” no weed no weed
3:00 PM 72 51 48% Mostly cloudy 3.57” no weed no weed
10:00 AM 63 51 87% Cloudy 3.58” no weed no weed
4 12:00 PM 66 49 80% Cloudy 3.58” no weed no weed
Heavy
. 0,
3:00PM 63 97% thunderstorm
10:00 AM 57 80% Rain shower
20 12:00 PM 55 57 52% Cloudy 421" Zﬁf}gﬁ‘;g 0.46”
3/31/2019
3:00 PM 61 57 35% Mostly cloudy 421" Veronica 0.46”
arvensis
10:00 AM 37 49 37% Fair 422" Veronica 0.47”
arvensis
4/1321019 12:00 PM 41 30% Rain shower
3:00 PM 48 48 22% Fair 422" Veronica 0.47”
arvensis
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In this stage, we used a camera monopod to obtain a top view
image. We took pictures for each plant at different heights (8 inches,
12 inches, 16 inches, and 18 inches), as shown in Figure 3. We used

these pictures to isolate crops from weeds using image processing
analysis [29].

Ve

|

12 inches

Figure 3: Monopod to take images in different heights.

(&

16 inches
18 inches

Survival ratio calculation: To find the survival ratio between
vegetables and weeds under a well-monitored environment we
used the equation below [30].

plant survival rate= (number of remaining plants/number of
plants originally) *100 %

° First production stage (inside the high tunnel):

. Total number of the seeds of Swiss Chard plant originally
(initially) = 450.

° Total number of Swiss Chard plants that remain before
planting them on the ground = 373.

. Second production stage (in the field):

. Total number of Swiss Chard plants that remain before
planting them in the field = 373.

. Swiss chard survival rate= (373/450) 100 = 82.89%

. Total number of Swiss Chard plants that remain after
planting them in the field = 123.

. swiss chard survival rate= (123/373) *100 = 32.97%

278

° The survival rate for Swiss chard for both production
stages:

° Total number of the seeds of Swiss Chard plant originally
(initially) = 450.

° Total number of Swiss Chard plants that remain after
planting them on the ground= 123.

The two stages together=(123/450) *100 = 27.33%
Result

The database we collected incorporates numbers of records,
description of conditions, and photo images of vegetable and weed
growth.

In the first production stage, we found a correlation between
the air temperature and the soil temperature inside the high tunnel.
Figure 4 represents the correlation between the air temperature
and the soil temperature inside the high tunnel for Swiss Chard.
From the same figure, we can notice that soil temperatures are

always higher than air temperatures.

e N
120
3; —=—Air Temp. ——50il Temp.
o 10
E
z
e
e W
=
g
- &0
w
ac
=]
E a0
[- 4
e
=3 0
=
—
¢ 12 1 10 12 10 10 12 3 10 1( 2 3 10 2 3 10 1 12 10
1512008 /42019 72019 211209 2/142019 1e2019 2212019 275ms 2/28/2m9 '4/1019 3/7/2019 3/11/2m9
TIME (HOURS 10 AM, 12 PM ,3 PM AND DATES)
Figure 4: Air and soil temperature correlation inside the high tunnel.
\ J
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In the second stage, when the plants are in the field, the air  Figure 5 shows the correlation between the air temperature and
temperatures in most cases are higher than soil temperatures. the soilm temperature in the actual field for Swiss Chard.

e N

—+—Air Temp. -#-Soil Temp.

TEMPERATURE (FAHRENHEIT °)

e

0
— 1012 3 1012 3 1012 § 1012 31022 8 1012 3 1012 3 1012 5 1012 3 1012 3 1012 3 1012 3 1012 3 1012 3 1012 3 1012 % 1012 3 1012 3 1012 3 1012 ¥ 1012 3
[ 3. 2 3 4 ] 6 7 [} H 10 11 12 13 14 15 1 17 18 19 20 21

TIME (FIRST LINE: HOURS 10 AM, 12 PM ,3 PM

I —

SECOND LINE: DAYS FROM 3/12/2019 1O 4/1/2019)

Figure 5: Air and soil temperature correlation in field.
\ J

Figure 6 shows the correlation between vegetable growth, weed Figure 7 shows the daily recorded period from Mar. 12, 2019
growth, and circumstantial factors concerning human decisions to Apr. 1, 2019, and we can see the weather condition most likely
and climate variations. We can also see the Veronica arvensis weed  during this period is sunny and fair weather.
shows up on day nine around Swiss chard.

4 N
*100%
. B Humidity  ——Plant Height ——Woeed Height .
J—F_
09 500
08 350
07 @
t 300 E
E 06 é
= 250 e
g [13 5
T 200 W
04 T
150
03
a2 100
01 | oso
-
I 000
12 3 1012 3 10 12 3 1012 310 12 310 12 310 ‘l 310 1" 31012 3 1012 3 1012 012 3 10 12 31012 3 1012 3 1012 3 1012 3 10 123 1012 3 1012 310 12 3
1 2 9 10 i 11 15 16 17 18 19
FIME (Fmsr LINE: HOURS 10 AM, 12 PM ,3 PM Veronica arvensis
SECOND LINE: DAYS FROM 3/12/2019 TO 4/1/2019} weed shows up

Figure 6: The correlation between vegetable growth, weed growth, and circumstantial factors with respect to human decisions and climate
variations.

sunny | — 15
fair - [
partly doudy NI -
clouty N ©
mostly cloudy  [NNINEEG

weather condition

heavey thenderstorm [l 1
rain - [
rain shower [N 1

o 2 4 6 8 10 12 14 16 18 20
No. of days

Figure 7: The daily recorded period from 3/12/2019 to 4/1/2019.
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Citation: Yageen Salatneh A, Chyi Lyi L, Marwan B. Creating a Multivariate-Multifunctional Database for Weed Control to Support Page 8 of 13
Organic Mixed Vegetable Production. World ] Agri & Soil Sci. 4(4): 2020. WJASS.MS.ID.000596.DOI: 10.33552/WJASS.2020.04.000596.


http://dx.doi.org/10.33552/WJASS.2020.04.000596

World Journal of Agriculture and Soil Science Volume 4-Issue 5

To find the percent height change between Swiss Chard and percent height change for Swiss Chard and weed, and we can see
Veronica arvensis, we used the percent change equation (Percent how the weeds height changes for grass higher than Swiss chard.

. - _ ; i 0,
height change= (later - earlier/earlier) x100% [31]). A brief Swiss Chard life cycle is shown in photos in Figures

Table 5 shows the Swiss chard and weed height for 24 days 9&10 shows the four different heights we took photos at to build
and the percent change for both of them. Figure 8 represents the the image database of vegetables for digital image purposes [31-34].

4 A

—=—swiss chard percent change  ——weed percent
change

Percent change
=

3.00 | |
250 | \
200 \ |

/ [ Iy

1.00
050 J K ‘/L \J ."\'
0.00 /:\\. - — P * - \-‘/ b 1Y, '
0 1 2 % 4 5 & 7 & & 10 11 12 13 14 15 16 17 18 19 20 21 22 3% 34 25

Days (from 3/12/2019 to 4/1/2019)

Figure 8: Percent Height Change for Swiss Chard and weed ( unconnected points represent the missing data).

Figure 9: Swiss chard life cycle in photos.
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Figure 10: Swiss Chard image height: A) 8 inches B) 12 inches C) 16 inches D) 18 inches.

Table 5: Daily percent height change for Swiss chard and weed.

Swiss chard percent

DEVA] Weed height Plant height change Weed percent change

1 0 3.56 0 0

2 0 3.57 0.280898876 0

3 0 3.57 0 0

4 0 3.58 0.280112045 0

5 0 3.9 8.938547486 0

6 0 3.93 0.769230769 0

7 0 3.93 0 0

8 0 3.94 0.254452926 0

9 0.23 skip 0 0

10 0.23 3.95 0.253807107 0

11 0.26 3.95 0 13.04347826
12 skip skip Missing data Missing data
13 skip skip Missing data Missing data
14 0.27 3.95 0 3.846153846
15 0.29 3.96 0.253164557 7.407407407
16 0.32 3.97 0.252525253 10.34482759
17 0.36 3.97 0 12.5

18 0.37 3.99 0.503778338 2.777777778
19 skip skip Missing data Missing data
20 0.39 4.06 1.754385965 5.405405405
21 0.44 412 1.477832512 12.82051282
22 0.46 413 0.242718447 4.545454545
23 0.46 421 1.937046005 0

24 0.47 4.22 0.237529691 2.173913043
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Conclusion and Future Work the purposes of this research is to help farmers and researchers
develop a new technology to prevent and treat weeds at early stages

In this research, we provided a detailed method to monitor . L . .
P while maintaining crop/soil health. For future work, we will use the

weed growth during crop growth. We collected images and . . . e s . s
£ & P& & collected images to do isolation, classification, and identification

information to build an innovative approach for the early detection . . . .
between crops and weeds by analyzing these images using digital

of weeds in organic crops. Our primary goal is to reduce labor
5 p P yE image processing analysis methods.

costs, expenses, and time-consumed to dispose of weeds. One of

Supplemental Material

NCDAZCS Agronomic Division Phone: (919) T33-2655 Website: www.neagr.goviagronemi/ Repoert No. FY19-SL023490
Client: Lilly Emendy Advisor:
FPredictive Home & Garden Out of the Garden Project
1100 Curtis St
S (o) | | Rep ort Mehlich-3 Extraction Greensboro, NC 27406
; . Sampled County : Guilford
Links to Helpful Information . .
Linka to Holuhul information ClientID: 494005 Advisor ID:

Roceved: 02/04/2019  Completed: 021182010  Farme

Agronomist's Comments:

This report provides Test Results and Recommendations for each sample submitted for testing. Look for Lime Recommendations and N-P-K Ferlilizer Recommendations.
The ime recommendation is always listed next to the first crop and will be based on the higher targel pH if the pH targets for crop 1 and crop 2 differ. Application at the
indicated rate will raise soil pH 1o the optimal level for the plant you specified and should be sufficient for 2 to 3 years, depending on soill type. Common target pH values
are as follows. 5.0 for azalea, camellia, rhododendron and mi. laurel, 5.5 for centipedegrass, 5.0 for other lawn grasses, shrubbery, and, flowering plants, and 6.5 for
vegelable gardens. N-P-K Recommendations are based on the nitrogen (N) needs of the plants being grown and the soil test results for phosphorus (P-1) and potassium
(K1), @ 50 1o TO index for either is cplimum. If the exact fertilizer cannot be found, find the closest match and adjust the rate accordingly. Refer (o "Understanding the Soil

Repor” {last of this re for additional explanation and links 1o hel| information.
Sample ID:  SOUTI Lime Recommendations N-P-K Fentilizer Recommendations *
Crop 1- Lawn [not centip.) 2501b per 1,000 sq f 20 Ibs per 1,000 sq ft 5-10-10 Group A
Crop 2- 0.0 Ib per 1,000 sq it
Lime History: Test Results: Optimum Phosphorus Index (P-1) =9 [ | ]
H ran:
pH=58 |I |i Potassium Index (K-1) =31 ﬁ ]
) 5 5 T
Lilly Emendy 30 53 05 80 Below Optimum g%limuno Above Optimum
Additonal Test Results: *If you cannof find the fertlizer recommended here, choose ane from the
Soil Class HM% Wiy CEC Mn<l  Zndl Cusl  Sd same Group (A, B, C or D) listed an the last page of this report
Mineral 056 103 0.5 24T 794 468 20 Note: This soil test does not measure nitrogen (N) levels N fertizer

g9/an : meg/100 em? recommendalions are based only on needs of the designated crop.

Reprogramming of the laboratory-information-management system that makes this report possible s being funded
thigugh a grant from the North Carclina Tobacco Tiust Fund Commission

Thank you for using agronomic senvices 1o manage nutrients and safeguard envirenmental guality
- Steve roxler, Commussioner of Agncuffure

North Carolina

Bodhasiwo Truist Fassd Commmivaion

NCDALCS Agronomic Division Phone: (818) T33-2655 Website: www.ncagr.goviagronomi/ ReportMoe.  FY15-SLO23490
Lilly Emendy Page 2 of 4

Sample ID:  S0OUT2 Lime Recommendations N-P-K Fertilizer Recommendations

Crop 1- Lawn (not centip.) 200/bper 1,000sqft 20 s per 1,000 sq it 5-10-5 Group B

Crop 2- 0.0 Ib per 1,000 sg ft
Lime History: Test Results: Optimum Phosghorus Index (P-1) =14 - | ]

pH=58 | | Potassium Index (K- =58 i ]
50 70
Lilly Emendy 30 58 65 a0 Below Optimum Optimum Abowve Optirnum
Additional Test Results: *IF you cannot find the feilizer recommended here, choase one from the
Sqll Class HM% WiV CEC Mnd  Zndl Cud S same Group (A, B, G or D) kated on the lasi poge of this report
Mineral 058 1-023 3.0 . W7o 38 27 Note: This soil test does net measure nitrogen (M) levels, N fertiizer
giem meq/100 cm* recommendations are based only on needs of the designated crop.

Sample ID: WEST Lime Recommendations N-P-K Fertilizer Recommendations ~

Crop 1- Lawn (not centip. ) 0.0 Ib per 1,000 sg fi 5 Ibs per 1000 sqg ft 21-0.0 Group D

Crop 2. 0.0 Ib par 1,000 sq ft
Lime History: Test Resulis: Optimum Fhosphorus Index (P-1) =213

Iar
pH=T.0 | L | Patassium Index (K-1) =51 |
; [ [N 'Il
Lilly Emendy 30 5865 80 Below Optimum &ummumm Optirrm
Addiional Test Results: *If you cannot find the feriiizer recommended here, choose one from the
Seil Class HM% WiV CEC Mnd  Znd Cud S same Group (A, B, G or U) ksted on the fast page of this report
Mineral 086 080 210 m B14 143 45 Note: This sof test does nat measure nitrogen (N) levels. N fertilizer
giem®  men/100 cm® recommendations are based onfy on needs of the designaied crop.
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Soil tests do not measure nitrogen (N) since il is very unstable in sods, the N recommendations provided on the soil repon are bases
on plant needs If sol-est P and K- values are adequate (>50), only nitrogen i recommended- Group D below. A mbied (N-P-K)
fertilizer is recommended if P4 and
K- values are kess than optimum- Groups A - C below. Although a specific fertilizer grade may be recommended (e g, 5-10-10), othes
equivalent options are likely to be available (& 9., any ferilizer in Group A from Table 1)

Ta determine how much fertilizer to buy, estimate (in feet) the length (L) and width (W) of the areato be treated: L x W=sq it
Square off curves to make estimates easier. If the recommendation 1s 20 b per 1,000 sq ft and your area is 5,000 sq ft, then you
need 100 Ib (20 x §) for your 5,000-sq-fl area.

Calibrate your spreader according to manufacturer settings. Apply half the total rate in one direction; apply the rest at a 90* angle|
This cross-hair pattern prowides a more uniform application.

Afer applicabon, sweep up any fertlizer on hard surfaces and apply to fertihized areas so ranlall does not carry fertilizer 1o a shon)
drain.

Table 1. Groups of equivalent fertilizers that supply 1 |b of N per 1,000 sq f *

510-10 @ 201b 5106 @200 8024 @12k 1500 @17
300 @30l 18460 @ BIb 15014 @ 7 2100 @51b
10-10-10 @ 101b 18-24-10 @ Gib 6518 @181 1600 @6b
111511 @ 101b 137 @1 5515 @200 2804 @4
8108 @121b 0178 @11 10012 @10k 1268 @40

* Since these rates supply 11b N per 1,000 sq fi, use half the rate if cenfipede is the grass type

NCDASCS Agronomic Division Phone: (819) 733-2655 Website: www.ncagr.goviagronomil Report No.  FY12.5L023490
Lilly Emendy Page 4 of 4
Understanding the Soil Report
Lime Report Abbreviations
Application of me af the recommended rate will rase soil pH fo the optimum range. Do not apply too much hme, When soil pH
becames too high, lowering it = very difficult. Often, the best salution then is to choose plants that can tolerate a high pH CEC cation exchange capacity
Choosing dolomdic ime can be advantageous because it contains the nutnents calcium and magnesium. Pelleted lime i3 easier to Cu-l copper index
spread unibormily than powderad lime HMY pencent humic matter
Lime can be applied at any ime of year, but because it reacts slowly, it is bast to apply it several months before a new planting Mrl manganese index
Muxinig it into the soil will speed the reaction time. Lime applied to the soi surface takes much longer to comect sail pH. pH soil pH
A surface application should not exceed 80 |b per 1,000 sq i i 3 soil report recommends more than this, apply 80 Ib per 1 000 sq it &l sulfur ndex
initially and the rest in similar increments every 6-8 months until the full rate is appled 554 soluble salt index
Wi weight per volume
Ferii Zn-l zinc index

Time Fertilizer Application to Coincide
with Plant Growth Cycle:
Bermudagrass. May, July, Sept
Centipedegrass May

St. Augustine grass: May, August

Tall fescue. Sept, Nov, Feb

Zoysia: May, July

Flowers/shrubs: pnor to planting or durning
the growing season

Vegetables: prior to planting

A Homegwner's Guide tg Ferfiizer

Naote 4: Fertiization of Lawns_Gardens &
Dmamentais

Canng for Your Lavwn & Emironment.
Carofing Lawns

Soul Acidity and Limmg. Basic
Information for Fanmers & Gardeners

Units

To convert U.S5. to SI,

To convert 51 to U.S.,

Multiply by U.S. unit S1 unit Multiply by

0.4047 acre(s) ha 2.4711

2.45 Inch(es) cm 0.3937

0.0245 Inch(es) m 39.37

(F-32)+1.8 °F °C (*Cx1.8)+32
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