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Study on Biological characteristics of maize plant
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Abstract: By dividing the structural parts of the maize plant, the morphological parameters of the maize plant
height, minimum ear bearing height, ear length, ear big end diameter, stalk length, and stalk diameter were
measured and counted, and the regression fitting model of maize plant height and minimum ear bearing height
was obtained; The analysis method of frequency distribution histogram is used to count and analyze the
diameter of different nodes of corn stalk, and the moisture content at different positions of corn stalk is
measured according to the determination method of GB/T1931-2009, which provides a basis for the
determination of parameters of ear picking device of corn combine harvester.
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I.  Introduction

With the improvement of Agricultural Mechanization in China, China's corn output surpassed rice in
2012 and became the largest grain crop in China. According to the statistics of China Statistical Yearbook ™, the
sown area of corn in China in 2019 was 4.13x10’hm?, a year-on-year decrease of 2%; In the same year, the corn
yield was as high as 2.61x10%, with a year-on-year increase of 3.6x10°. On the one hand, the diversified
development of the corn seed industry has expanded the space for the substantial increase of corn yield per unit
area; On the other hand, it benefits from the rapid development of the whole process mechanization of modern
maize ). In the process of corn ear picking, the shape structure and shape size of corn plant affect the design
parameters of ear picking device, such as stem diameter, ear setting height of corn, and large end diameter of the
ear with bracts, which have the most direct impact on the parameter design of ear picking device®®!. According
to referencel®, the material characteristics of corn stalk and corn ear are two important indexes for studying corn
plants. The premise of the rapid development of corn harvesting machinery is to master the basic biological
characteristics of the corn plant. To explore the characteristics and internal connections of each structure of corn
plant and master some biological characteristics of the corn plant, The material properties of maize plants were
studied.

Shape and structure of maize plant

As shown in Fig. 1, the corn plant is mainly composed of the heel, supporting root, stem, ear, and other
parts. The corn stem is mainly composed of nodes and internodes, and the diameter size and strength of
internodes are less than those of nodes °*?. The diameter of internodes and nodes below the ear setting part of
the whole stem is significantly larger than that above the ear setting part. Therefore, the research on maize stem
in this study is mainly the part below the ear setting part.

According to the agricultural machinery design manual ! stem diameter, corn ear setting the height,
and large end diameter of the ear with bracts have the most direct impact on the parameter design of ear picking
device. At the same time, to facilitate the description of follow-up research, Fig. 1 divides and names the parts
of the corn plant. The whole corn plant can be divided into two parts above and below the ear setting part, The
first node on the surface of the corn stalk is defined as the first node (i.e. the node where the material is taken
manually), the node above it is defined as the second node, and so on, that is, from the root of Maize to the
stamen of maize, it is defined as the first node, the second internode, the second node and the third internode...
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Fig. 1 Division diagram of each section of whole plant maize

Determination and analysis of maize plant morphological parameters

According to the five-point sampling method, the plants with spikes with similar diameter, straight, no
wormbhole, and no bending damage are cut down manually in the same field as samples. In the sampling process,
a very small number of corn plants have two ears. Because one ear is not mature and the grain characteristics are
not obvious, these kinds of plants are ignored during sampling. The samples are all corn plants with one ear.
Several maize plants were randomly selected from the sample, and the morphological parameters such as plant
height, minimum ear height, ear length, ear big end diameter, stalk length and stalk diameter of maize plants
were measured with vernier caliper, meter ruler and other tools, and the average value and coefficient of
variation of each parameter were calculated. The measured values are shown in Tab. 1.

Tab. 1 Morphological parameters of maize plants

Unit:mm
Serial number Plant Minimum Ear Ear big end Fruit stalk Petiole Top straw Ear setting
height panicle height length diameter length diameter diameter position

1 2310 927 250 24.6 99 173 45 7
2 2270 921 241 23.7 117 15.6 5.6 8
3 2270 925 255 215 120 145 5.7 9
4 2210 846 251 20.7 91 16.1 6.1 8
5 2200 811 248 214 141 13.7 6.1 9
6 2200 895 235 219 134 121 5.2 8
7 2200 961 261 23.7 126 129 5.2 9
8 2120 840 233 21.2 95 147 5.3 8
9 2100 979 249 234 120 15.1 5.3 8
10 2080 931 231 22.6 121 13.9 5.4 9
11 2060 893 255 223 125 142 5.6 8
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12 2030 934 230 223 115 143 6.8 8
13 2000 834 246 213 115 15.8 6.8 8
14 2000 897 262 20.1 113 15.9 46 8
15 2000 927 257 23 110 13.4 47 7
16 1995 933 238 233 96 16.6 5.1 8
17 1980 885 257 20.7 100 17.6 71 9
18 1950 884 242 239 95 125 6.7 8
19 1950 939 243 25.3 115 12.9 6.8 9
20 1930 889 265 235 90 16 6.4 9
21 1910 816 236 205 93 14.4 6.4 8
22 1910 838 212 225 94 15.7 6.5 7
23 1910 899 240 24.2 98 145 65 8
24 1900 1013 243 225 92 146 6.7 9
25 1870 833 227 221 130 13.8 54 8
26 1870 898 236 23.8 113 16.3 55 8
27 1850 812 235 208 115 16.4 54 9
28 1850 842 221 215 100 124 54 9
29 1800 893 230 21.4 105 16.3 6.6 8
30 1780 847 205 20.6 110 133 51 9

Average value  2016.83 891.40 241.13 2234 109.60 14.76 5.84 8.33

Coefficient of 7.392 577 5.93 6.14 1276 10.14 12.80 7.28

variation
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Fig. 2 Relationship between plant height and Minimum panicle height

The least-square method is used for linear regression fitting of plant height and minimum ear setting height of
maize plant, and the fitting curve shown in Fig. 2 is obtained. The parameter values of the fitting model are
shown in Tab.2.

Tab.2 Fitting model and parameters

Unit:mm
Parameter Value
Fitting equation y=a+bx
Intercept a 221.709 +35.38361
Slope b 0.332£0.0175

Pearson’s R 0.963
R* (COD) 0.928
After adjustment R 0.925

It can be seen from Tab. 2 that the fitting regression equation is
y=221.709+0.332x &)

The R? of the fitting curve is 0.925, which indicates that the goodness of fit of the model is high and can better
reflect the relationship between the plant height with the panicle and the minimum panicle height.

Pearson's R is 0.963, which indicates that there is a positive correlation between the plant height and
the minimum panicle height. As shown in Fig. 1, the manual sampling process is to cut down the first section of
the ground stem. In addition, considering that the corn is cut from the second section of the stem during
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mechanical harvest ™, the first section of the internode is not taken as the research object. In addition, the stem
is peeled and the leaves are removed. It is observed that most of the ears bear ears at the nodes of sections 8 and
9 of the corn stem, Moreover, the stem diameter above the heading node is significantly smaller than that at the
lower part, and it is very easy to break. Therefore, the stem above the heading node is not taken as the research
object, and only the stem diameter of the internodes and nodes below the heading node and above the node of
section 2 (including the node of section 2) is measured and studied.

Because the cross-section of the corn stalk is irregular and oval, only counting the long axis or the short
axis of the stalk can not represent the parameters of the corn stalk diameter. Consult the relevant literature ™!,
and the stalk diameter parameters can be mastered by taking the average value. Therefore, the long axis
diameter of the measured stem is defined as the long diameter, and the short axis diameter of the measured stem
is defined as the short diameter. Repeat the measurement for 6 times, Establish an excel table and calculate its
average value through formula (2).

1 6
d =— D, +D 2)

12 HZ:1 ( in 2n)
Where D, represents the length and diameter of the stem measured for the nth time, mm; D, represents the
short diameter of the stem measured for the nth time, mm; N represents the number of measurements.
To obtain the corn stalk diameter parameters of different internodes, the corn stalk is measured in sections
according to the section division method shown in Fig.1. The measurement results are counted by the section
division method to obtain the frequency distribution histogram of corn stalk diameter, as shown in Fig.3. From
the curve in the figure, the internode diameter has a normal distribution trend.
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Fig. 3 Histogram of frequency distribution of stalk diameter of maize

The main distribution range of parameters of corn stalk diameter and the measurement and statistical results of
average diameter of each node are shown in Tab. 3.

Tab. 3 Statistical table of stalk diameter of corn

Unit:mm
parameter Main distribution range Maximum minimum average Coefficient of
value value/mm variation/%
Sec;;gxé:em 22.20~26.75 29.50 20.00 24.60 431
Sec;;g;gt;‘:em 20.80~25.10 28.20 22.20 2333 467
Sec;;g;gtzﬁem 21.00~24.75 27.00 18550 22,82 441
Se(gilgrr:wgtgﬁem 19.90~24.50 27.00 18.40 2259 5.39
Se(gilgrr:wgt(i:em 18.50~24.05 26.00 17.00 21.47 7.39
Secéilgrr:w;gﬁem 17.50~22.70 24.60 16.00 19.83 6.12

Determination of moisture content of corn stalk

The moisture content of agricultural materials generally refers to the percentage of the mass of
moisture contained in the materials and the mass of materials after drying. It is one of the important indicators to
reflect the humidity of materials. Relevant studies show that the moisture content of the stem will affect its
composition and structure, and then affect the shear strength and shear power consumption of the stem €1,
Chen Zhengguang ™ and others verified that the internal structure of the stem skin is relatively soft under the
state of high moisture content, resulting in the gradual decrease of its shear strength in the tensile and shear test
of the corn stem skin in 2012, It is confirmed that the moisture content has a significant impact on the shear
strength of corn stalk, and the moisture content of the same node of different stalks and different positions of the
same stalk is also different. The impact of moisture content on the harvest of corn ears and the treatment and
processing of corn stalks should be considered ¢,

Fig. 4 Partial sample diagram of moisture content measurement
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Cut off the stalks of the second section below the heading section and different sections above, divide
the stalks into sections, cut each section into small pieces and put them in the drying test tube, as shown in Fig.
4. According to the determination method of GB/T1931-2009 [ "in order to avoid the contingency of the
determination results, determine them for many times and take the average value. Finally, the moisture content
of section 2, section 3 and section 7 of the corn stalk are 88.30%, 85.74%, 82.58%, 78.71%, 78.02% and
77.87% respectively. The broken line trend of the moisture content is shown in Fig. 5. The results show that the
moisture content of the corn stalk decreases gradually from the bottom to the top. The measurement results are
consistent with the description in document 8. Of course, this does not rule out the possibility of water moving
downward under the action of gravity.
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Fig. 5 Water content measurement results of each section

Il.  Conclusion
(1) This paper introduces the shape and structure of the maize plant. Based on the structure division, the
morphological parameters of the maize plant, such as plant height, minimum ear bearing height, ear length, ear
big end diameter, stalk length, and stalk diameter, are measured and counted.
(2) The data of plant height and minimum ear setting height of maize were processed, and the regression fitting
model was obtained, which showed that there was a linear relationship between them and a positive correlation
trend,
(3) Using the analysis method of frequency distribution histogram, the diameter of different internodes of corn
stalk was counted and analyzed, and the curve showed the trend of normal distribution.
(4) The moisture content of corn stalk at different positions was measured, and it was obtained that the moisture
content of corn stalk decreased gradually from root to ear node.
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