Trends in Horticulture (2021) Volume 4 Issue 1

doi:10.24294/th.v4i1.1809

ORIGINAL RESEARCH ARTICLE
Application of ITC cucumber fertilizer and water control system

Shugin Wu

Qinhuangdao Technician College, Qinhuangdao 066000, Hebei Province, China. E-mail: cz9teh8@163.com

ABSTRACT

In order to optimize the environmental factors for cucumber growth, a fertilizer and water control system was de-
signed based on the Internet of Things (loT) system. The IoT system monitors environmental factors such as tempera-
ture, light and soil Ec value, and uses image processing to obtain four growth indicators such as cucumber stem height,
stem diameter size, number of leaves and number of fruit set to establish a single growth indicator model for tempera-
ture, light, soil Ec value and growth stage, and the four growth indicators were fused to obtain the comprehensive
growth indicator I. for cucumber, and calculates its deviation to determine the cucumber growth status. Based on the
integrated growth index I of cucumber, a soil Ec control model was established to provide the optimal environment and
fertilizer ration for cucumber at different growth stages to achieve stable and high yield of cucumber.
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1. Introduction

Cucumber is crunchy, nutritious, popular among the general public,
with high yield, stable price and high economic value, and is widely
planted in Chinal™. Cucumber has high requirements for planting envi-
ronment and needs effective control of temperature, light and soil fertil-
ity and other factors, otherwise it is easy to develop diseases and affect
the quality of cucumber?, Fertilizer control for environmental factors
and cucumber growth at different growth stages is the key to achieve
stable and high cucumber yields*®. Currently, fertilizer control is
mainly focused on giving fertilizer control ratios based on experience,
so as to realize the quantitative output of fertilizer and water®, without
effectively integrating cucumber growth and its corresponding envi-
ronmental factors. 10T technology is prevalent today!, and the loT
system is introduced into cucumber fertilization control to monitor en-
vironmental factors such as temperature, light and soil Ec value, and
use image processing to obtain four growth indicators such as cucumber
stem height, stem diameter size, number of leaves and number of fruit
set, and establish a fertilization control model based on the comprehen-
sive growth indicators of cucumber to realize fertilization control. The
system takes into account the growth state of cucumber and the corre-
sponding environmental factors to control fertilizer and water to pro-
vide the most optimal growth environment for cucumber and promote
stable and high yield of cucumber.

2. System composition

In order to achieve the optimal growth of cucumber, based on the
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0T system, the fertilizer and water integrated opti-
mal control system is designed. The system in-
cludes 10T sensing system, cucumber growth model,
fertilizer regulation system and fertilizer mixing
control system, as shown in Figure 1. The loT
sensing system accomplishes two main tasks: (1) to
monitor the environmental factors of cucumber
growth, such as temperature, light and soil fertilizer
Ec; (2) to collect the information of cucumber
growth characteristics, i.e., cucumber stem height,
stem diameter, number of leaves and number of
fruit set, using the image analysis method®. The
cucumber growth model accomplishes the follow-
ing tasks: (1) establish four cucumber growth index
models respectively based on the information col-
lected from the environment; (2) fuse the four cu-
cumber growth indexes and calculate the integrated
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growth index I¢; (3) calculate the integrated growth
deviation to determine the current growth state of
cucumber. The fertilizer adjustment system
achieves the following functions: (1) establish the
soil Ec control model based on the integrated
growth index I of cucumber; (2) calculate the op-
timal soil Ec control value for the next time peri-
od based on the soil Ec control model, and the ferti-
lizer mixing control system adjusts the fertilizer
control ratio and fertilizer mixture flow rate ac-
cording to the calculated optimal soil Ec control
value to achieve the optimal soil Ec control value.
Based on the calculated optimal soil Ec value, the
fertilizer blending control system adjusts the ferti-
lizer water control ratio and fertilizer water mixture
flow rate to achieve the soil Ec value control to
meet the needs of cucumber growth.

Temperature and light
monitoring

1
]
1
]
1
I
1
Soil fertility Ec monitoring :
1
1
]
1
]

Image growth parameter
monitoring

/" Cucumber growthmodel

Growth modeling

Integrated growth

deviation calculation |
\

[ I
I I
1 1
1 I
I I
I |
' Integrated growth index \
! I fitting :
]

| |
I I
1 1
\ 1

Figure 1. The structure of system.

3. 10T system construction

The growth process of cucumber is influ-
enced by various factors such as environmental
factors and soil moisture content and fertilizer Ec
value, and the combination of many factors deter-
mines the quality and yield of cucumber!®. For this
purpose, an loT system was established to sense
environmental factors and soil state, and to monitor
environmental factors and current cucumber growth

state, and then adjust the fertilizer and water ratios
to achieve optimal fertilization™. The 10T system
senses environmental factors including light radia-
tion and temperature; soil state monitoring includes
soil moisture content and soil Ec value.

3.1 10T sensor distribution

10T system of cucumber growth sensing in-
cludes two parts: environmental factors monitoring
and soil state monitoring. As the data collection
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terminal of the 10T system, the distribution of sen-
sors is important for the reliability and representa-
tiveness of monitoring datal**2. Temperature sen-
sors and light radiation sensors are used to monitor
environmental factors such as temperature and light,
and Ec soil sensors are used to monitor soil mois-
ture and fertilizer salinity.

The greenhouse is 8 m long, 3.5 m high, and 4
m wide, and four sensor installation locations such
as 0.5, 1, 1.5, and 2 m are set in the height direction,
and the sensor distribution is shown in Figure 2.
Among them, six temperature sensors are divided

into two groups, in the width direction T1, T2 and
T3 are located at 1 m, T1’, T2’ and T3’ are located at
3 m; the height distribution is that T1 is located at
0.5 m, T3 is located at the middle 0.5 m, T2 is lo-
cated at 2 m, T1', T2 and T3’ are distributed at 2,
0.5 and 1.5 m. Ec sensor was inserted into the soil,
and the light radiation sensor was located in the
center in the width direction and distributed at 2 m
and 1.5 m in the height direction. CCD camera for
detecting cucumber growth parameters is located at
the center of the greenhouse, 3.5 m from the
ground.
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Figure 2. The distribution of sensor.

3.2 Cucumber growth parameters extraction

The 10T system detects the environmental and
soil information during the growth of cucumber,
analyzes the current growth state of cucumber, and
then controls the soil Ec value to create the most
suitable environment for the growth of cucum-
ber®*l To determine the growth of cucumber, cu-
cumber stem height, stem diameter, number of
leaves and number of fruit set were selected as
evaluation indexes. A camera at the center of the
greenhouse was used to extract cucumber growth
information. Since the camera was located at the
top of the greenhouse, the photographs were taken
for cucumber canopy information, and by analyzing
the canopy image information, a model was estab-
lished between the canopy information and the four
selected cucumber growth indexes, and then the
canopy information was examined to determine the
four growth indexes such as cucumber stem height,
stem diameter, number of leaves, and number of
fruit set.

The process of growth index analysis is shown
in Figure 3. Among them, the top CCD camera

took images of greenhouse cucumber canopy, and
the acquired images were analyzed by noise reduc-
tion binarization and image segmentation*® to ex-
tract canopy coverage and canopy area, and to de-
tect cucumber stem height, stem diameter size,
number of leaves and number of fruit set, respec-
tively, to establish the model between the 4 growth
parameters and canopy coverage and canopy area;
the CCD camera took images to extract canopy
coverage and canopy. The CCD camera captured
the images, extracted the canopy coverage and
canopy area, and calculated the 4 growth parame-
ters such as stem height, stem diameter, number of
leaves and number of fruit set by the growth pa-
rameter model.

4. Cucumber growth model analysis

The growth of cucumber is closely related to
the environment and soil factors. Now we establish
the models of four growth indexes, such as green-
house temperature, light radiation intensity, soil Ec
and growth time, respectively, and integrate the four
growth indexes to get the comprehensive growth
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Figure 3. Extraction growth index for cucumber.

index and its offset for cucumber, and then analyze
the growth of cucumber.

4.1 Experimental design

The experiment was conducted to investigate
the changes of cucumber stem height, stem diame-
ter, number of leaves and number of fruit set with
greenhouse temperature, light radiation intensity,
soil Ec and planting time from May 11 to June 26.
Among them, temperature and light intensity were
the local greenhouse conditions in Qinhuangdao
during that time period without human intervention.
Different fertilizer requirements at different growth

stages were achieved by changing the fertiliz-
er-water mixing ratio and thus adjusting the soil Ec
value. The soil Ec values at different planting times
are shown in Figure 4. The following treatments
were carried out at the time of changing soil Ec
values, stopping the fertilizer supply for 1 day and
flushing with tap water (tap water Ec value of 0.4
mS/cm) to exclude the effect of soil Ec values at the
previous stage. Soil Ec changes were carried out on
four days, including May 24, June 4,June 14, and
June 19.

Ec value of irrigation fertilizer water mixture/mS-cm-!

5/14 5/18 5/22 5/26 5/30 6/3

6/7 6/11 6/15 6/19 6/23

Date

Figure 4. The control forsoil Ec value.
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In order to clearly express the state of cucum-
ber growth at different times and characterize the
time nodes where significant changes in cucumber
growth occurred, growth stages were introduced
and one and a half months of cucumber growth time
was divided into different growth stages. The rela-
tionship between cucumber growth stages and
growth days is shown in Equation (1). Where, X is
the number of cucumber growth days and y is the
number of growth stages.

y = 0.289x + 1.374

1)

o

4.2 Cucumber growth model establishment

The 10T system was established to obtain en-
vironmental growth factors such as greenhouse
temperature, light radiation intensity, soil Ec and
growth stage, and a CCD camera was used to take
images of cucumber canopy, and through image
analysis model, four growth parameters of cucum-
ber stem height, stem diameter size, number of
leaves and number of fruit set were obtained, and a
model between environmental growth factors and
four growth parameters was established as shown in
Figure 5.
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Figure 5. Theaccuracy of growth model.

A model was developed between environmen-
tal growth factors and four growth parameters of
cucumber, denoted as cucumber stem height h, cu-
cumber stem diameter d, number of leaves ny, and
number of fruit set ng; four environmental factors
were growth stage x, cumulative irradiance heat
product F, effective temperature product T, and
electrical conductivity cumulative Ec. A multivari-
ate linear fitting method is used to establish the re-
lationships between the four environmental factors
and the growth parameters, respectively:

h = 60.212 = 66.321x + 3.957F + 1.1497 + 4.269F¢
d = 5639 — 1.648x + 0.468F + 0.034T + 0.058K¢
n, = 9.335 — 6.352¢ + 0.495F + 0.1327 + 0.344E¢
n, = 4 - 16.256x + 0.787F + 0.135T + 0.038k¢
)

This linear fit was analyzed, and the results are

shown in Figure 5. Among them, the fitted coeffi-

cient of determination R? was distributed between
0.94 and 0.98, and the fitted coefficient of determi-
nation for the leaf number model was the largest,
reaching 0.98, and the fitted coefficient of determi-
nation for the fruiting number model was the
smallest, but reached 0.94, indicating that the model
was reliable. The standard error SE was distribut-
ed between 0.416 and 4, and the maximum error of
stem height reached 4. The standard error of the
remaining growth indicators was below 1.1, and the
standard error SE reached 4 was also within the
acceptable range because the base of stem height
was significantly higher than the remaining three
growth indicators.

4.3 Cucumber growth assessment model

The quantitative assessment process was as
follows: the four growth indices of stem height,
stem diameter size, number of leaves and number of
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fruit set were self-scaled as shown in Equation (3).
Where, Tic is the actual measured value of stem
height h, cucumber stem diameter d, number of
leaves ny, and number of fruits ng, and Tim is the
actual measured value of stem height h, cucumber
stem diameter d, number of leaves ny, and number
of fruits ng calculated values of model (2). The sig-
nificance of the self-scaled value is: when the
self-scaled value of the four growth indicators is
greater than 1, it indicates that the growth indicator
exceeds the predicted value of the model, the more
it exceeds, the better the growth indicator of cu-
cumber; when the self-scaled value is less than 1, it
indicates that the growth indicator is lower than the
predicted value and is in the bad stage, the greater
the deviation indicates that the growth indicator is
Worse.

3)
The weighted values of four growth indices,
namely, stem height, stem diameter, number of
leaves and number of fruit set, were calculated as
shown in Equation (4). Where R? is the coefficient
of determination of the four growth index models.
The larger the growth index model fitting decision
coefficients are, the larger the weights are, then we
have

4)

Using the calculated weighted values w;, the
four cucumber growth indicators Ic were calculat-
ed by taking into account the four cucumber growth
phenotypes such as stem height, stem diameter size,
number of leaves and number of fruit set, as shown
in Equation (5). The self-scaled values of stem
height, stem diameter, number of leaves and num-
ber of fruit set were I;, and w; were the weighted
values of the self-scaled values of the above growth
indicators. When the combined growth index I, >
1, it indicates that the growth state of cucumber
is better than the model value, and the larger the
value of I, the better the growth state of cucumber;

when I, < 1, it indicates that the cucumber is in
subhealthy state.

()

In order to determine the relationship between

the integrated growth state and the expected growth

state of cucumber at different growth stages, the

deviation from the integrated growth index of cu-

cumber SE, is introduced, as shown in Equation (6).

Wheren is the number of growth stage of cucumber;

len is the comprehensive growth index of cucumber
in n growth stage.

= x100%
(6)

Now we calculate the integrated growth index
Ic and its deviation for cucumber at different growth
stages and discuss the growth state of cucumber
with the change of growth stages, and the results are
shown in Figure 6. The comprehensive index of
cucumber growth was on the rise in the 1-2 growth
stages, declined in the 2-4 growth stages, and
showed a minimum value in the 4-stage growth
stage; it was on the rise in the 4-6 stages, and de-
creased in the 6-10 stages. The 10-14 growth stag-
es showed an upward trend. Calculate the deviation
of integrated growth index SE, of cucumber in dif-
ferent growth stages, the change trend is generally
the same as the cucumber integrated growth index;
in 3.5-5.5 growth stages, the cucumber deviation
index is less than 0, indicating that the cucumber is
in non-healthy condition and the growth environ-
ment of he cucumber needs to adjusted to correct
the cucumber growth state.

5. Fertilizer and water control for
cucumber

The 10T system was established to detect the
greenhouse temperature, light radiation intensity,
soil Ec and growth stage according to the experi-
ence to establish the supply of fertilizer at different
growth stages to determine the soil Ec, select four
growth indexes such as stem height, stem diameter
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Figure 6. Comprehensive growth index and deviation for cucumber.

size, number of leaves and number of fruits and
then establish the comprehensive growth index I
for greenhouse cucumber. The experimental results
showed that: at the growth stage of 3.5-5.5, the cu-
cumber was in non-healthy condition, indicating
that the environmental growth factors were not
suitable for the growth of cucumber at this stage.
Among the four environmental factors, greenhouse
temperature, light radiation intensity, soil Ec and
growth stage, greenhouse temperature and light ra-
diation intensity were influenced by the local envi-
ronment, and the effect of manual intervention was
poor, and no intervention was possible at the growth
stage. Therefore, we choose to intervene in the fer-
tilizer and water mixing ratio to change the soil Ec
to realize the change of environmental factors for
cucumber growth, and then improve the compre-
hensive growth index of cucumber to achieve stable
and high yield of cucumber.

The adjustment principle for soil Ec is as fol-
lows: set the upper limit of soil Ec value for cu-
cumber growth at different growth stages as ECmax
and the lower limit as Ecmin; Set the interven-
tion boundary for cucumber integrated growth in-
dex, i.e., the deviation of cucumber integrated
growth index I - 1 boundary as 0.1, -0.1. The per-
fect adjustment scheme is shown in Equation (7).

(Ec =Fc,, I, -1 >0.1
Ee,, +Ec,. FEe, —FEe, [ -1
Fe = + X B
2 2 0.1
-0.1 <l -1<0.1
\Ec = Ec I, -1 <-0.1

(7)

Using the above model to control the soil Ec
value, the cucumber is in the optimal growth state,
and the control results are shown in Figure 7. The
test time was from May 12 to June 25, and the up-
per and lower limits of soil Ec value were set em-
pirically, as can be seen from Figure 7: the upper
and lower limits of soil Ec value showed an in-
creasing trend with time, and after June 19, it be-
came a decreasing trend due to the weakening of
cucumber growth. The actual soil Ec values are
shown in the solid line, between the upper and low-
er limits, with an increasing trend in the interval
May 12-May 26, a decreasing trend from May 12—
May 26, and a steady increasing trend after May 29.

6. Conclusion

In order to achieve the optimal coordination of
fertilization and environmental factors in different
growth stages of cucumber, the 10T system moni-
tors the light intensity temperature and soil fertiliza-
tion Ec values in the growth cycle of cucumber, and
adopts the image processing method to obtain the
four growth indicators: stem height, stem diameter
size, leaf number and fruit set number. The mod-
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els between the four growth indicators of light in-
tensity, temperature and soil fertilizer amount Ec
and growth stages were established respectively,
and then the four growth indicators were weighted
and fused to obtain the comprehensive growth in-
dex I. of cucumber, and its deviation was calculated
to evaluate the comprehensive growth potential of
cucumber at different growth stages. By controlling
the fertilizer and water mixing ratio, and adjusting
the soil Ec value, the optimal ratio of natural factors
for cucumber growth at different growth stages was
achieved, and a model of the integrated growth in-
dex Ic and soil Ec value was established, which was
used to control the soil Ec during the growth of cu-
cumber. The experimental results showed that the
model can effectively control the soil Ec value
within a reasonable range, and provide the optimal
ratio of growth factors for cucumbers at different
growth stages.

Conflict of interest

The author declared no conflict of interest.

References

1. WenlL,SuY, Chen X, et al. Effects of different red
light greenhouse films on growth, yield and quality
of cucumber. Tianjin Agricultural Science 2019;
25(11): 39-42.

2. Lv W. Dapeng huanggua zhongzhi ji bingchonghai
fangzhi jishu (Chinese) [Greenhouse cucumber cul-

10.

11.

12.

13.

14,

15.

149

tivation and pest control technology]. Agricultural
Development and Equipment 2019; (3): 189-192.
Li H. Qiantan wenshi huanggua bingchonghai de
wugonghai fangzhi duice (Chinese) [Introduction to
the pollution-free control measures of greenhouse
cucumber pests and diseases]. Agriculture and
Technology 2019; 39(9): 101-102.

Sun L, Yu L, Chi E. Dapeng hanhuanggua de
zhongzhi jishu yu guanli (Chinese) [Planting tech-
nology and management of dry cucumber in
greenhouses]. Agriculture of Jilin 2019; (21): 73-75.
Wang Y, Wang H, Ma Y, et al. Effects of different
fertilization patterns on yield, quality and nutrient
utilization of cucumber. Journal of Hebei Agricul-
tural University 2019; 42(4): 29-34.

Shao W, Hou J, Li T. Research and development of
filter technology in fertilizer and water integrated
drip irrigation system. Journal of Chinese Agricul-
tural Mechanization 2018; 39(10): 41-45.

Sun G, Fan Y, Jin D, et al. Nongye wulianwang zai
shuichan yangzhi zhong de yingyong fangan (Chi-
nese) [Application scheme of agricultural internet of
things in aquaculture]. Agriculture and Technology
2019; 39(21): 11-13.

Tian B, Xi Q, Ye C. Characterization of cut tabacco
structure based on image analysis. Journal of Henan
Agricultural University 2019; 53(6): 1-5.

Wang F. Guanyu dapeng wenshi huanggua zhongzhi
jishu yu guanli de tantao (Chinese) [Discussion on
the planting technology and management of green-
house cucumbers in greenhouses]. Nongmin Zhifu
zhi You 2018; (23): 96-100.

Wang J. Youji huanggua zhongzhi jishu guicheng
(Chinese) [Organic cucumber planting technology
protocol]. Nongmin Zhifu zhi You 2018; (20): 155-
159.

Wang Y, Zhou J, Xu Y, et al. Research on intelligent
monitoring system of greenhouse greenhouses based
on Internet of Things. Machine Tools and Hydraulics
2019; 47(17): 103-107.

Sun K, Wang J, Leng S, et al. Monitoring and
management system of greenhouse based on loT.
Measurement and Control Technology 2019; 38(9):
118-121.

Cheng C, Feng L, Xue Q, et al. Simulation model of
cucumber growth and development in daylight
greenhouse. Chinese Journal of Applied Ecology
2019; 30(10): 3491-500.

Ma F, Wei R, Wang X, et al. Study on the accumu-
lated temperature of cucumber growth in greenhouse.
Journal of Meteorology and Environment 2019;
35(4): 85-92.

Zhou N, Wang J. Research on a noise image seg-
mentation algorithm based on FCM. Journal of
Xinjiang University (Natural Science Edition) 2019;
36(4): 448-454.



