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Abstract: The high harvest losses associated with the mechanical harvesting of maize in China are currently a major barrier to 

the adoption of this technology.  This paper summarizes works of literature regarding harvest losses from the combine 

harvesting of maize in China and abroad.  The main findings are as follows: (1) In 2012-2019, 2987 samples data obtained 

from the major maize production areas of China showed that the average harvest loss was 345.2 kg/hm2 (3.5% of the average 

yield), with losses ranging from 0 to 9288.5 kg/hm2; (2) The harvest losses from combine harvesting are mainly caused by the 

dropping of ears.  The ear losses include the pre-harvest loss caused by ear abscission, damage caused by maize borer, lodging, 

and the ear loss during combine harvesting, and the main pre-harvest loss is caused by lodging; (3) Harvest losses are affected 

by maize variety, planting mode, cultivation management, pests and diseases, weather conditions during harvesting, harvest 

date, combine harvester type, harvester adjustment, operator proficiency, and the terrain conditions of the maize field; (4) The 

harvest losses from combine harvesting are also related to the type of header, feeding and threshing methods, the adjustment of 

header stripping clearance, feeding amount, forward speed, cylinder or rotor speed, and the clearance between the cylinder and 

the concave of the harvester.  However, the combine losses mainly come from header losses.  In order to reduce the harvest 

losses, the following solutions were proposed: (1) Breed and select maize varieties which are resistant to lodging, especially 

during the field drying of mature grains, as well as those resistant to maize borer and stalk rot; (2) Select varieties suitable for 

grain harvest—which requires matching the accumulated-temperature demand of the maize hybrids, optimal plant density, row 

spacing, and irrigation and fertilizer management with the light and heat conditions of the production area while cultivating 

uniform populations and healthy plants—as well as preventing and controlling damage from maize borer, stalk rot, and ear rot, 

harvesting at the appropriate time; (3) Develop and select advanced maize combine harvesters, formulate standardized 

operating procedures for harvesting machinery, and standardize field operation; (4) select appropriate agricultural machinery 

and agronomic practices, and improve the training of maize producers and harvester operators. 
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1  Introduction

 

The mechanical harvesting of maize grain involves using a 

combine harvester to simultaneously perform the operations of ear 

picking, threshing, and cleaning on mature maize plants in the 

field[1,2].  The high harvest losses which are associated with the 

combine harvesting of maize is one of the main barriers to the 

promotion of maize mechanical grain harvesting technology in 

China[3-5].  In the 1970s, mechanical harvesting technology began 

to be widely used for the harvesting of maize grain in Europe and 

North America[6].  Much research had been carried out on the 

components of harvest loss[7,8], the causes of harvest loss[9-16], and 
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measures to reduce harvest loss[17-25], thus providing technical 

support for the continuous improvement of maize varieties and the 

continuous improvement of the performance of harvesting 

machines.  Consequently, maize grain harvesting technology has 

matured.  However, compared to Europe and North America, the 

development of maize grain mechanical harvesting technology in 

China is at a relatively early stage, and at present, combine 

harvesting is used on less than 10% of the country’s maize 

cultivation area.  Due to a lack of research on the harvest loss 

from combine harvesting, the application and promotion of this 

technology have been seriously restricted.  To address this issue, 

this paper summarizes data regarding the harvest loss from the 

combine harvesting of maize and its influencing factors in China 

and abroad and analyzes the main causes of this harvest loss.  

Furthermore, based on this, the measures and strategies for 

reducing harvest loss during the combine harvesting of maize were 

put forward.   

2  Mechanical harvest loss and standard of 

mechanical harvest loss rate 

Mechanical harvest loss during the combine harvesting of 

maize is a common problem in maize production both in China and 

other countries.  Sumner and Williams[26] reported that the 

average harvest loss rate of mechanically harvested maize grain is 

generally 2%-4% of the total crop yield.  According to research by 

Gleim et al.[14] from Ohio State University, under normal harvest 
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conditions, the ear loss from combine harvesting should not exceed 

1% of the total crop yield, the cylinder loss should not exceed 0.3% 

of the total yield, and the separator kernel loss should not exceed 

0.5% of the total yield, that is, the total harvest loss rate should not 

exceed 1.8% of the total yield.  Additionally, Paulsen et al.[27] 

found that, in Brazil, the total harvest loss from the combine 

harvesting of maize was 0.3%-3.6% of the total crop yield.  

Furthermore, in 2012-2015, our team obtained 1698 sample data 

for combine harvested maize from 186 field plots in 15 major 

maize-producing provinces or cities in China; statistical analysis 

showed that the average harvest loss was 247.5 kg/hm2 (4.1% of 

the average yield).  A large difference was observed among plots, 

with losses ranging from 1.0 kg/hm2 to 4198.5 kg/hm2, and the 

coefficient of variation was 164.5%[28].  Moreover, Guo et al.[29] 

investigated the loss rates of different maize harvesting methods in 

China, such as manual harvesting, mechanical ear harvesting, and 

mechanical grain harvesting.  The results showed that the loss rate 

of mechanical grain harvesting was the highest, followed by 

mechanical ear harvesting, and manual harvesting had the lowest 

loss rate.  Mechanical ear harvesting was investigated in Minle 

County, Gansu Province; the average harvest loss rate in 2016 was 

4.8% of the yield, the loss rate from threshing was 3.4% of the 

yield, and the total loss rate was 8.2% of the yield.  Mechanical 

grain harvesting was investigated in Heilongjiang Province; the 

harvest loss rate ranged from 10.0% to 15.5% of the yield and the 

average loss rate was 12.4% of the yield.  Manual harvesting was 

investigated in Gongzhuling County, Jilin Province; the average 

harvest loss rate ranged from 1.0% to 2.3% of the yield.  The 

standard of maize harvest loss in the United States is no more than 

3% of the yield[30], and the same standard is applied in countries 

such as Brazil and Argentina.  The Brazilian Ministry of 

Agriculture recommends that the harvest loss for the combine 

harvesting of maize should not exceed 60 kg/hm2[27].  Meanwhile, 

China’s national standard, “Technical Conditions for Maize 

Harvesting Machinery” (GBT-21962-2008)[31], stipulates that the 

harvest loss rate from the mechanical harvesting of maize should be 

≤5% of the yield. 

3  Sources and measurement methods of mechanical 

harvest loss 

3.1  Classification of harvest loss 

The harvest loss during the combine harvesting of maize can 

be divided into two types.  One is the loss caused by the dropping 

of ears and kernels before harvesting caused by planting and 

management factors-for example, the ear and grain dropping 

caused by stalks and panicles being drilled and eaten by maize 

borer and the ear dropping caused by stalk lodging; this loss is 

referred to as pre-harvest loss and is not caused by the operation of 

harvesting machinery.  The second type is the loss from falling 

ears and kernels, which is also known as the harvest loss[7].  Ayres 

et al.[8] classified the harvest loss into visible loss and invisible loss 

according to whether the fallen grains and ears can be observed in 

the field after mechanical grain harvesting: the visible loss refers to 

the ears and kernels that are dropped in the field after the harvester 

completes the harvesting operation, while the invisible loss refers 

to the materials that are broken into fragments and powder during 

the process of threshing, including the imperfect kernels that are 

not shelled from the top of the cobs during the threshing process.  

This material is blown out and scattered in the field during 

separation and cleaning, and the amount of invisible loss is closely 

related to the grain moisture content and grain broken rate[8].  The 

visible loss caused by the operation of harvesting machinery can be 

divided into header loss (gathering loss), cylinder loss, separation 

loss, and cleaning loss (or shoe loss)[8].  Header loss is mainly 

caused by snapping roll ear losses in the process of splitting plants, 

pulling stalks, picking ears, and gathering and transferring ears; 

these losses are mainly caused by the dropping of ears, but also 

caused by falling grains, especially when the grain moisture content 

is low.  After the ears enter the threshing cylinder of the combine 

harvester, processing losses are caused during the processes of 

threshing, separation, and cleaning; these losses include combine 

cylinder losses (caused by imperfect shelling action, which causes 

some kernels to remain on the cob as they pass through the 

machine; this loss amounts to 0.1%-0.2% of the yield), separation 

loss (caused by the grain becoming attached to fragments of stems, 

leaves, or husks which then pass over the sieves and out of the 

combine; this loss accounts for 0.3%-3.0% of the yield), and 

cleaning losses and losses due to the presence of grain in the chaff 

fraction (accounting for 0.1%-0.5% of the yield).  Threshing 

losses are mainly caused by incomplete threshing and the breakage 

of grains, while separation losses and cleaning losses are mainly 

caused by incomplete separation and improper cleaning, 

respectively, which results in the loss of grains wrapped and 

entrained by non-grain material such as fragments of cob and husks.  

Therefore, maize grain yield should be calculated as the sum of 

harvester yield, visible loss, and invisible loss[32].  Reducing 

harvest loss is one of the most important ways to increase maize 

grain yield. 

Paulsen et al.[33] investigated maize harvest losses in Brazil and 

found that the grain yield of maize ranged from 6937 to 11 044 

kg/hm2, the pre-harvest ear loss ranged from 0 to 42 kg/hm2, and 

the total harvest loss ranged from 36.2 to 320.6 kg/hm2; among 

these losses, the ear loss at header accounted for the largest 

proportion of the total harvest loss and ranged from 0 to 237 kg/hm2.  

Additionally, according to the statistical analysis of 2987 sets of 

grain harvest quality samples obtained between 2012 and 2019, the 

average kernel loss in the 15 major maize-producing provinces and 

cities of China was 113.6 kg/hm2, accounting for 23.5% of the total 

loss, and the average ear loss was 351.2 kg/hm2, accounting for 

76.5% of the total loss.  Therefore, it is considered that falling ear 

loss is the main contributor to harvest losses[34]. 

3.2  Measurement method of harvest loss for the combine 

harvesting of maize 

The main maize-producing states in the United States have 

their own methods to measure the harvest loss from the mechanical 

harvesting of maize, however, these methods are generally similar.  

The measurement method of the state of Missouri is now described 

as an example[35] and is also described graphically in Figure 1.  

Losses are determined by counting the number of full-size ears 

(weight approximately 340 g) or the equivalent weight in smaller 

ears found in an area of 40.47 m2; each full-size ear represents 

about 1 bushel per 62.7 kg/hm2 of loss.  The number of kernels 

per 0.9290 m2 is counted to determine kernel losses; 2 kernels per 

0.0929 m2 equals 62.7 kg/hm2 of loss.  The row length in meter 

per 40.5 m2 should be determined according to the row width.  

The width of the sample area is determined according to the header 

width of the harvester, generally according to the cutting width, and 

the length of the sample area is determined according to the cutting 

width based on an area of 40.47 m2 or 0.9290 m2.  The following 

steps are followed for the investigation of fallen ears and grains: 

First, the combine is stopped at a location where the crop is 

representative of the entire field.  In the first step, the total ear loss 
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and total kernel loss from the combine harvesting are determined.  

The header is then shut off.  The harvester is then back off for a 

distance equal to its length and is then shut off.  Then, the area 

(40.47 m2) for the measurement of ear loss and the area (0.929 m2) 

for the measurement of kernel loss are delimited respectively in the 

harvested area.  Then, the lost ears and kernels within the 

determined sample areas are measured and subsequently used to 

calculate the total ear loss and kernel loss, respectively. 

 
Figure 1 Sketch of the measurement method of maize harvest loss 

in the state of Missouri, United States[35] 
 

The second step is to determine the pre-harvest numbers of 

dropped ears and fallen kernels.  In front of the combine harvester, 

two sample areas are delimited as in the first step (i.e., an area of 

40.47 m2 for ear loss and an area of 0.929 m2 for kernel loss), and 

the numbers of fallen ears (which includes the ears of lodged plants) 

and fallen kernels in these two areas are measured, respectively.  

These values are then taken as the pre-harvest ear loss and kernel 

loss. 

The third step is to determine the ear loss and kernel loss 

caused by the combine harvesting of maize.  These are calculated 

by subtracting the pre-harvest ear or kernel loss from the total ear 

or kernel loss.  The kernel loss caused by the harvester includes 

the loss caused by the header, threshing, separation, and cleaning; 

this includes the loss of kernels attached to cobs (this part belongs 

to the combine threshing loss), which is caused by incomplete 

threshing. 

In order to further understand the composition of the combine 

harvest losses, a rectangle frame is constructed using a plastic 

clothesline and four-wire pegs to obtain a frame with an area of 

0.929 m2.  The width of the frame should be equal to the width of 

the crop rows.  The frame is then placed over each row behind the 

machine, and the number of loose kernels on the ground within the 

frame is counted.  This number is taken as the total loose kernel 

loss (header loss plus separating loss).  Before moving the frame 

to the next row behind the machine, the number of kernels that are 

still attached to the threshed cobs is counted, ignoring small kernels 

at the butt or tip end of the cob.  This number represents cylinder 

loss.  Then, the frame is placed over each harvested row in front 

of the harvester where the separator has not yet passed, and the 

loose kernels within the frame are counted; this value represents the 

header kernel loss.  For each row, the header loss is subtracted 

from the header loss plus separating loss, and the resulting value 

represents the separation kernel loss. 

In the measurement method of maize harvest loss from 

combine harvesting recommended by the Brazilian Ministry of 

Agriculture[27], the investigation area for kernel loss is 2 m2 in one 

header width and the investigation area for ear loss is 30 m2 in one 

header width. 

At present, the measurement method for maize harvest loss 

adopted in China involves randomly selecting sample points in the 

harvested plot.  The sampling area is 2 m in length and a header in 

width.  All of the fallen ears and kernels in the sample area are 

gathered, and then the total weight of the fallen ears and kernels is 

measured, respectively.  Based on the grain moisture content at 

harvest, the grain weight of the fallen ears and kernels per unit area 

is adjusted to 14% moisture content.  The measurement of each 

treatment (i.e., each test of a variety) is repeated three times.  

Then, the yield data of the harvested field are used to calculate the 

ear loss rate, kernel loss rate, and total loss rate. 

Additionally, aside from the losses mentioned above, there 

exists a “hidden loss” due to maize grains that are broken and 

pulverized by threshing, which cannot be picked up and are 

therefore not accounted for in the calculated kernel loss.  This 

hidden loss will be higher when the grain breakage rate is relatively 

high.  Future research should investigate potential methods to 

measure this hidden loss. 

4  Effects of variety, cultivation management, and 

harvest date on maize harvest losses from combine 

harvesting 

4.1  Effects of maize variety on mechanical harvest losses 

Mahoney et al.[22] used early-maturing (short-season), 

full-season, and late-maturing maize varieties to study the effects of 

delayed maize harvest in southern Ontario, Canada.  The results 

showed that, with the delay of harvest time, the harvest loss of all 

varieties increased; however, the harvest loss increased more in 

early-maturing varieties, mainly due to the fact that the connection 

strength between ears and stalks and the stalk standing ability 

decreased faster in early-maturing varieties after delayed harvest, 

which led to the increase of ear dropping and lodging during 

mechanical harvesting and thus increased the harvest loss.  Many 

studies have shown that the difference in harvest loss among maize 

varieties is mainly related to the degree of grain maturity at 

harvesting and the lodging resistance of plants standing in the 

field[17,24,36].  Lodging tends to increase the loss of mechanical 

harvesting.  The risk of lodging can be reduced by breeding and 

selecting lodging-resistant varieties.  A study from Ohio State 

University found that, if the harvest is delayed, late-maturing maize 

hybrids had less lodging and higher yield than early-maturing 

hybrids with a similar stem strength[17].  Additionally, Klenke et 

al.[17] used BS9 (CB) C4 breeding materials to develop four types 

of test varieties to study the effects of maize variety on the 

mechanical harvest loss of maize in Iowa.  These test varieties 

included (1) varieties susceptible to the first and second generations 

of European maize borer (ECB), (2) varieties resistant to the first 

generation and susceptible to the second generation of ECB, (3) 

varieties resistant to the first and second generations of ECB, and 

(4) varieties susceptible to the first generation and resistant to the 

second generation of ECB.  It was found that the varieties with a 

strong connection between ear and stem, and the varieties resistant 

to the second generation of ECB at the later stage of maize growth, 

had significantly lower maize harvest losses.  These findings 

suggest that the harvest loss is closely related to the resistance to 

the maize borer, stalk rot, and lodging in the later growth stage, as 

well as to the tendency for ear dropping. 

4.2  Effects of planting density and row spacing on harvest 

loss 

Maize is typically planted in rows, and mechanical harvesting  
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requires the maize header to align accurately with the row.  

Therefore, the row spacing has an impact on harvest loss.  

Hanna[15] used a CASE IH 1620 axial-flow grain combine harvester 

to harvest maize with different row spacings in order to determine 

whether visible machine harvest losses differed between narrow 

and wide maize heads and the extent of visible machine harvest 

loss when 38 cm rows were harvested by a maize head with a row 

width of 76 cm.  The research showed that when the row spacing 

and maize head were matched, machine losses were generally 

similar between the conventional 76 cm maize head and the single 

gathering chain 38 cm maize head, although losses were slightly 

lower than the conventional maize head.  Machine ear drop losses 

were found to be excessive when a 76 cm maize head was used, 

even at a slow travel speed of 3.2 km/h, when harvesting maize 

planted in 38 cm rows late in the season.  Over 90% of machine 

losses occurred at the maize head rather than in the threshing, 

separating, and cleaning areas.  Additionally, Zhang et al.[19] 

carried out mechanical ear-harvesting experiments on summer 

maize with row spacings of 50 cm, 60 cm, and 70 cm, respectively, 

using a header with a row spacing of 60 cm.  The results showed 

that the harvest loss rates were 12.2%, 7.5%, and 7.9% of the yield 

for row spacings of 50 cm, 60 cm, and 70 cm, respectively.  The 

authors concluded that the matching of planting row spacing and 

harvester header row spacing could reduce harvest loss and 

recommended that a planting row spacing of 60 cm is most suitable 

for machine harvesting in the Huang-Huai-Hai summer maize 

region of China.  The above research shows that the harvest loss 

of maize planted with a narrow row spacing is higher than that of 

maize planted with a wide row spacing, which may be related to 

the fact that a wide row spacing is easier to accurately align with 

the header in mechanical harvesting.  Therefore, by using GPS or 

Beidou navigation technology to achieve accurate row alignment 

for sowing and harvesting, the impact of different planting row 

spacings on the harvest loss can be significantly reduced if the 

harvester maize head row spacing is matched to the planting row 

spacing. 

Furthermore, since there is a significant positive correlation 

between lodging rate and harvest loss rate, planting density has a 

significant impact on harvest loss due to the high lodging rate 

under high planting density[9,17,18,22].  Reducing planting density 

can improve the stalk quality and standability and reduce the 

lodging rate, and can thus reduce the harvest loss[22]. 

4.3  Effects of the management of irrigation, fertilization, 

diseases, insects, and weeds on harvest loss 

Reasonable irrigation and fertilization can increase the strength 

of maize stalk and thus reduce the ear drop loss during harvest.  

Additionally, due to sufficient grain filling, uniform ear size, and 

effective grain threshing after ripening, the ear drop loss of the 

maize header and threshing loss will be reduced by reasonable 

irrigation and fertilization[13,37].  According to some studies, under 

dry farming systems, the maize harvest loss is low in years with 

abundant rainfall in the growing season, while the harvest loss is 

higher in years with high temperature and drought stress due to the 

early senescence of maize plants[13].  On the other hand, regarding 

disease and insect damage, maize borer and stalk rots are the main 

diseases and insect pests that cause maize lodging and ear dropping.  

In the United States, the European maize borer can cause yield loss 

at harvest by promoting plant lodging and ear dropping before 

harvest, and the loss can increase significantly with increasing 

harvest delay.  Klenke et al.[17] found that the second generation of 

European maize borer can significantly increase harvest losses in 

the mechanical harvesting of maize in Iowa since this generation 

coincides with the stage of ear growth and development after 

silking and its larvae mainly harm the maize ears, drilling and 

mothing the stalk under the ear, resulting in the increase of ear 

falling and stem bending and lodging during mechanical harvesting.  

However, control measures against the second generation of maize 

borer can significantly reduce harvest losses.  The pathogen which 

causes maize stalk rot produces an enzyme that degrades cell walls 

by decomposing cellulose in the cell wall[38]; meanwhile, spores 

rapidly germinate into mycelium and enter the cells of the 

epidermis, cortex, and vascular bundle tissue on the stalk surface, 

causing the stalk tissue to lose water, shrink, hollow, soften, and 

even rot, thus leading to stalking breakage[39-41].  Stalk rot can also 

cause ears to become smaller, uneven ear size, and premature 

senescence, resulting in an increase of ear dropping and grain 

dropping during mechanical harvesting[42].  Additionally, maize 

plants with stalk rot often have incomplete ear development, 

insufficient grain filling, and high grain hardness, which leads to 

higher cylinder loss during harvest[42].  Mahoney et al.[22] studied 

the effects of delayed maize harvest, applying four treatments (VT 

to R2) before and after tasseling and either spraying fungicide 

(azoxystrobin+propiconazole) or not spraying.  The results 

showed that the treatments with fungicide spraying significantly 

reduced the harvest losses, mainly due to the fact that spraying 

fungicide can effectively control the occurrence of stalk rot, delay 

leaf aging, improve stalk quality, and reduce the lodging rate in 

delayed harvest, and can thus reduce the harvest losses in the 

combine harvesting of maize.  Weeds, including volunteer maize, 

increase the rate of dropped ears and fallen kernels during the 

mechanical harvesting of maize[43].  On the one hand, weeds in 

maize fields can aggravate maize diseases and insect pests and 

increase competition with maize plants for water, fertilizer, and 

light, which weakens the maize plants and increases the lodging 

rate during harvest.  On the other hand, weeds also affect the 

picking, threshing, separation, and cleaning of ears during 

mechanical harvesting, thus increasing the rate of ear and grain 

dropping.  

4.4  Effects of grain moisture content, harvest time, and 

meteorological conditions during harvesting on harvest losses 

The moisture content of maize grains is related to the harvest 

time and the characteristics of mechanical threshing and affects the 

cylinder loss during mechanical threshing.  Previous studies have 

found that the harvest loss is smallest when the grain moisture 

content is between 22% and 26%.  When the grain moisture 

content is lower than 22% or higher than 26%, the harvest losses 

are larger[18].  Piggott[20] found that when the moisture content of 

maize grains is 26%-29%, natural kernel dropping accounts for 

only 1% of the yield, however when the moisture content drops 

below 25%, natural kernel dropping rapidly increases to about 10% 

of the yield.  Nolte et al.[12] and others showed that, in Ohio, when 

the grain moisture content reaches 26%, the average yield loss 

increased by 10-40 kg/hm2 for each day that harvest was delayed.  

Moreover, Shauck and Smeda[43] showed that, in Missouri, when 

the grain moisture content decreased from 21%-24% to 16.5%- 

20.0% and 13%-16%, the harvest loss increased by 35% and 52%, 

respectively.  Furthermore, according to an investigation by the 

Monsanto Company[44], when the grain moisture content is 

23%-25%, the harvest loss is 1%-2% of the yield, and when the 

grain moisture content is 17%-19%, the harvest loss increases to 

2%-8% of the yield.  Additionally, Brandon[45] showed that, in 

Mississippi, the average harvest loss was 1%-3% of the yield when 
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the grain moisture content was 26%, but the harvest loss increased 

to 10%-15% of the yield when the grain moisture content was 15%.  

After maize physiological maturity, during the ear dry-down of 

maize plants standing in the field, the attachment strength of ears to 

the stalk and that of kernels to the cob will decrease with 

decreasing grain moisture content, resulting in the increase of ear 

dropping and kernel falling before and during harvest[46].  

Moreover, some studies have shown that when the grain moisture 

content is lower than 20% the ears begin to fall off from the stalk 

and that this ear dropping increases with further grain drying [47].  

Allen et al.[13] showed that, when maize was harvested at a grain 

moisture content of 15%, the lodging rate and the harvest loss 

were higher by 42% and 30%, respectively, compared with 

harvesting at a grain moisture content of 25%.  Li et al.[2] 

investigated maize grain harvest by combine in the 

Huang-Huai-Hai summer maize region, and showed that with 

decreasing grain moisture content the kernel loss during 

mechanical grain harvesting first decreased and then increased, 

with the lowest kernel loss occurring at a grain moisture content of 

20.4%.  Additionally, Li et al.[2] also found that the ear loss 

during harvesting increased with decreasing grain moisture 

content and that when the grain moisture content was lower than 

16.5%, the ear loss was more than 5% of the yield.  

The harvest loss of maize varies for different harvest periods 

due to the different grain moisture content, the different health 

states of plants, and different degrees of stalk lodging[48].  Field 

investigations by the United States Department of Agriculture 

(USDA)[49] in the states of Illinois, Indiana, Iowa, and Nebraska 

found that the harvest loss rate of maize harvested in October was 

5% of the yield, but that the harvest loss rate increased to 18% of 

the yield for maize harvested in December.  Additionally, the 

same study found that, in Ohio, beyond 15 October, the lodging 

rate increased by 5% for each week of harvest delay, and 1/3 of the 

lodging would become the harvest loss[12].  Furthermore, in 2000 

and 2001, harvested maize at 14 d, 28 d, 42 d, 56 d, and 70 d after 

physiological maturity, and found that while there was no 

significant difference in the yield between different harvest times in 

2000, the yield of the harvest at 70 d was 15% lower than that at 14 

d in 200[50].  Moreover, data collected by the American Society of 

Agricultural and Biological Engineers (ASABE) in 2006 showed 

that when maize harvesting was started at a grain moisture content 

of 22%, the yield of maize decreased by 0.3%/d of harvest delay[51].  

Ayres et al.[8] proposed that the expansion of maize planting area 

leads to a longer harvest period, which is suggested to be one of the 

reasons for the increase of ear dropping during harvesting.  

Additionally, it has been reported that in parts of Argentina the 

harvest loss is as high as 627.7 kg/hm2, which is mainly related to 

the loss caused by untimely harvest and high lodging rate; when 

maize was harvested by the combine, the grain moisture content 

was typically 22%, however, contents could reach 29%[52].  

Lodging is the most important cause of ear loss[23].  In 1966, Byg 

et al.[10] investigated the harvest dropping ear loss before and after 

rainfall and snowfall on November 2 in Ohio State, and their results 

also supported the view that the increase of lodging caused by 

rainfall and snowfall increases the harvest loss.  Before 2 

November, the ear loss ranged from 0 to 376.2 kg/hm2 and the 

average ear loss was 112.86 kg/hm2, while the kernel loss ranged 

from 18.81 to 532.95 kg/hm2 and the average kernel loss was 

175.56 kg/hm2; meanwhile, after 2 November, the ear loss ranged 

from 25.08 to 438.9 kg/hm2 and the kernel loss ranged from 6.27 to 

1059.63 kg/hm2, with an average kernel loss of 445.17 kg/hm2.  It 

is considered that the increase of harvest loss is mainly related to 

the increase in dropping ear loss caused by lodging.  Xue et al.[53] 

found that, in China, the yield loss in mechanical grain harvesting 

caused by lodging was mainly due to the loss from dropping ears.  

Additionally, for each 1% increase in lodging rate, the ear loss was 

found to increase by 0.1% and 0.2% of the yield in a spring maize 

area and a summer maize area, respectively.  Parvej et al.[37] 

studied maize harvesting by combine in Iowa, and found that 

within a harvest window of one month, the number of ears within 

30 cm of the ground increased by 7%, and these ears were 

considered to represent the ear loss that could not be gathered by 

the combine header.  From the above, it can be seen that the effect 

of harvest time on harvest loss is mainly due to the change of 

dropping ear rate and lodging rate at different harvest times.  The 

later the harvest time is, the lower the grain moisture content and 

the higher the dropping ear loss and falling kernel loss at harvest 

time.  Additionally, the meteorological conditions during the 

harvesting period have a certain influence on the mechanical 

harvesting loss of maize.  A study in Ohio found that almost 90% 

of harvest loss was related to the delaying of the harvest to the 

middle of November and that the difference in harvest loss among 

different years was related to the weather conditions at harvest 

time[8].  Furthermore, Gleim et al.[14] investigated 55 maize 

combine harvesters in Ohio and found that the total visible harvest 

loss in the field accounted for only 1% of the estimated yield when 

the harvesters were operated under good weather conditions 

meeting the harvesting requirements; however, when the weather 

conditions were bad (e.g., wind and snow), the harvest loss 

increased significantly.  Moreover, a survey in Wisconsin showed 

that when maize harvest is delayed to the next spring rather than 

being conducted in autumn if the intervening winter experiences 

heavy snow, the harvest yield is 37% lower than that if the crop 

were harvested in the previous autumn; meanwhile, if there is little 

snow in the winter, the harvest yield is only 10% lower than that in 

autumn[54].  Shauck et al.[43] found that, in Missouri, there were 

significant differences in harvest loss between different years: In 

the same year, the harvest loss was lower in October and November 

and higher in September and December.  The differences were 

related to different weather conditions during harvest, especially 

rainfall and temperature.  The difference in harvest loss among 

different regions is also mainly related to differences in weather 

conditions during the harvest period[48].  For example, the harvest 

loss of maize in central Iowa is 2.6 times higher than that in 

Missouri, mainly since these two regions have significantly 

different climates during harvest time[21]. 

5  Effects of combine type, adjustment, and operation 

on harvest loss 

5.1  Effects of maize header type and feeding mode on harvest 

loss 

Shauck[43] compared the maize harvesting performance of 30 

combine harvesters in Missouri and found that the header loss was 

34% lower with headers with an automatic adjustment balance 

function than with headers without this function; the header loss 

was 46% lower with a header with an eight-row width than with a 

header with a 6-row width, and the lowest header loss was achieved 

with a 12-row header, which was the widest header investigated.  

Additionally, for the same type of header, the loss rate of newly 

purchased headers was found to be lower than that of older headers.  

Furthermore, our team investigated the maize harvest loss of a 

disturbing header and a header that was specially designed for use 
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with maize and found that the harvest loss was significantly higher 

for the former than for the latter.  It was found that the loss rate of 

the disturbing header was mainly caused by ear drop loss from both 

sides of the header and that the harvest loss was lower with a wide 

header than with a narrow header.  Moreover, Xue et al.[53]showed 

that the harvest ear loss rate of a fully fed header increased 

exponentially with increasing lodging rate while the harvest ear 

loss rate of a semi-fed header increases linearly with increasing 

lodging rate.  At present, fully fed harvesters are mainly used in 

North and Northwest China and semi-fed harvesters are mainly 

used in the Huang-Huai-Hai summer maize area.  Under the same 

lodging rate, the ear drop rate is higher for semi-fed harvesters than 

for fully fed harvesters.  

5.2  Effects of different threshing methods on harvest loss 

The design of novel threshing and separating device that offers 

improved production efficiency and reduced grain loss is the main 

development trend for modern maize combine harvesters.  

According to the different principles of maize ear threshing, 

harvesters can be divided into two types: rasp bar cylinder and 

axial-flow cage-type sheller.  Axial-flow harvesters can be divided 

into three types according to the ear feeding mode, namely 

cutting-flow type, axial-flow type, and a combination of these two 

types.  According to the placement mode, threshing cylinders can 

be divided into longitudinal axial-flow threshing cylinders and 

horizontal axial-flow threshing cylinders; the longitudinal 

axial-flow type includes single axial-flow devices and double 

axial-flow devices.  It has generally been observed that harvesters 

with longitudinal axial-flow have a longer threshing process and a 

lower loss rate and crushing rate[25].  In Illinois, Paulsen et al.[55] 

harvested maize with three different moisture contents on 16 

September, 26 September, and 12 October, respectively, using 

three types of harvesters, namely a traditional harvester, a single 

axial-flow harvester and a double axial-flow harvester.  The 

results showed that the harvest loss varied greatly between the 

different harvesters (2.1-73.6 kg/hm2), however, the difference was 

not significant.  Shauck and Smeda[43] compared harvesters equipped 

with a rotary threshing device and a conventional threshing device, 

respectively, and found that the harvesters equipped with the 

former had a lower harvest loss; however, again, the difference was 

not significant.  Additionally, for the threshing device with 

tangential (horizontal) axial-flow, increasing the rotation speed of 

the cylinder improved the threshing ability.  With the increasing 

tangential speed of the cylinder, the threshing loss decreased, 

however, the grain broken rate increased.  Rademacher and 

Bingen[56] found that when the ear enters the cylinder such that its 

cob is parallel to the axis of the cylinder, the ear can pass through 

the threshing device at twice the speed that it entered the device in 

a tangential direction; the front clearance between the cylinder and 

concave should be 10 mm less than the average diameter of the ear 

and the back clearance should be equal to the average diameter of 

the ear cob so that the setting loss rate and breakage rate are low.  

From the above, it can be seen that the axial-flow threshing 

separation structure with a single or double cylinder can greatly 

improve the threshing efficiency, and accordingly this approach 

should be applied and developed in the future. 

5.3  Effects of stripper plate clearance, feed quantity, forward 

speed, cylinder rotation speed, and cylinder–concave clearance 

on the harvest loss 

Lien et al.[57] measured the harvest loss of 12 combine 

harvesters in 13 maize fields on eight farms in the Midwestern 

United States, namely Indiana, Iowa, Illinois, and Nebraska.  The 

results showed that: (1) The lowest harvest losses were equal to 

1.0% of the yield and the highest harvest losses were equal to 

27.5% of the yield, with the harvest losses of most fields being less 

than 1.5% of the yield and the harvest losses being independent of 

the kernel size; (2) Snapping roll losses were generally greater than 

other machine losses.  Improper stripper plate clearance was 

responsible for the majority of these losses.  The header loss is the 

most important part of harvest loss; (3) Header ear loss was found 

to be a function of the forward travel speed, plant density, and stalk 

lodging rate.  When the width of the header exceeded 4 rows, the 

forward speed was reduced by 0.4 km/h.  Minimum header loss 

occurred at a forward travel speed of approximately 4.8 km/h; (4) 

Cylinder loss was found to be a function of cylinder peripheral 

speed, the clearance between the cylinder and the concave, and 

cylinder loading.  The separating and cleaning losses were found 

to be a function of forwarding travel speed, plant density, yield, and 

feed quantity.  Losses were greater when the combine was 

operated at a speed greater than 4.8 km/h at densities of 

approximately 62 000 plants/hm2.  Pishgar-Komleh et al.[58] 

showed that when the feed quantity was 2.5 kg/s, the total loss rate 

was 9.3%, with the loss from harvesting machinery being 8.6%; the 

highest loss was the threshing loss, accounting for 5.4%.  The 

harvesting forward travel speed had a significant impact on the 

header ear loss and the cylinder loss in the threshing process, 

however, it had no significant impact on the separation loss.  The 

cylinder peripheral speed had a significant impact on the threshing 

loss; however, the forward traveling speed and the cylinder 

rotational speed had no significant impact on the separation loss.  

The mechanical loss increased with increasing feed quantity, with 

the lowest harvesting loss (total loss rate 7.6%) being observed at 

harvesting forward travel speed of 3 km/h and a cylinder rotational 

speed of 400 r/min, and the highest threshing loss rate (7.1%) being 

observed at a forward travel speed of 5 km/h and a cylinder 

rotational speed of 600 r/min.  Therefore, these results suggest 

that the forward traveling speed and the cylinder rotational speed 

have a significant impact on the harvest loss. 

Wiersma et al.[30] found that the forward traveling speed of a 

harvester affects the harvesting loss by affecting the operation of 

straw walkers.  In Brazil, Paulsen et al.[33] found that reducing the 

harvester forward travel speed can reduce the separation loss of 

combine harvesting.  Furthermore, Gleim et al.[14] investigated 52 

maize combine harvesters in Ohio and observed that, under good 

harvesting conditions, when the harvesting forward traveling speed 

was 4.5 km/h, the total visible loss in the field accounted for only 

1% of the estimated yield.  Moreover, in another study, at 

harvesting forward traveling speeds of 2.29-5.20 km/h, the total 

harvest losses were found to be between 0.16%-27.54% of the 

yield[57].  It has been shown that the largest harvest loss rate and 

the largest change in the harvest loss rate are caused by the 

snapping roll, which ranges from 0.06% to 11.10%[57].  

Additionally, the stripper plate clearance has a great influence on 

the header loss.  When the clearance is set to 2.54 cm, the header 

loss is only 3.99 kg/hm2; when it is increased to 2.70 cm, the 

header loss increases to 11.83 kg/hm2; and when it is increased to 

2.86 cm, the header loss increases to 39.27 kg/hm2.  After the 

header loss, the next highest loss is the cylinder loss.  Cylinder 

loss is affected by both cylinder rotational speed and the clearance 

between the cylinder and the concave.  The cylinder loss ranges 

from 0.13 kg/hm2 (loss rate is less than 1% of the yield) to    

258.7 kg/hm2 (loss rate is 9.75% of the yield).  The clearance 

between the cylinder and the concave should be adjusted based on 
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the ear diameter and grain size.  The losses from separation and 

cleaning are lower than the losses from the header and threshing 

and range from 0.008% to 6.570%.  The losses from separation 

and cleaning are a function of the forward traveling speed, planting 

density, and yield.  In the study of Lien et al.[57], the planting 

density ranged from 49 000 to 57 000 plants/hm2, and the 

separation and cleaning losses were found to increase rapidly with 

increasing forward traveling speed when the forward traveling 

speed exceeded 4.8 km/h.  Hanna[15] compared visible machine 

losses of a 76 cm maize head used on 76 cm and 38 cm rows with 

those of a single gathering chain 38 cm maize head used on 38 cm 

rows.  They divided the total machine losses into head and 

threshing/separating losses and investigated three harvesting 

treatments.  The results showed that the highest proportion of 

harvest loss came from header loss, which accounted for more than 

90% of the total machine loss.  Even with a slower forward 

traveling speed, header loss could not be reduced.  The header 

loss was mainly the loss from falling ears and ranged from     

0.9 mg/hm2 to 1.3 Mg/hm2, and the falling kernel loss of threshing 

at the stalk pulling roller was between 0.5% and 3.3%.  At low 

feed rates, over 90% of machine losses occurred at the maize-head 

rather than in the threshing, separating, and cleaning areas.  When 

the harvesting forward traveling speed was 4.8 km/h (normal 

harvesting speed), the header loss was still found to be the main 

component of the combine harvest loss, and the losses inside the 

machine were negligible.  Additionally, header loss is related to 

the increase of ear drop loss caused by late harvest.  When 

harvesting maize with stalk rot, the kernel loss is less than or equal 

to about 1% of the yield, however, the ear drop loss caused by the 

header is very high, accounting for 83%-100% of the total harvest 

loss. 

Srison et al.[59] showed that the grain moisture content 

significantly affected the breakage of grains and energy 

consumption during harvesting but did not affect the loss from 

threshing.  With increasing grain moisture content, the breakage 

rate and energy consumption increased.  Feed quantity was found 

to affect power consumption but was not shown to affect breakage 

rate or threshing loss.  Moreover, it was found that energy 

consumption increased with increasing feed quantity.  

Additionally, the rotational speed of the cylinder was observed to 

have a significant effect on the grain breakage rate, threshing loss, 

and energy consumption; with increasing rotational speed, the 

breakage rate and power consumption increased and the threshing 

loss decreased.  

Chuan-Udom and Chinsuwan[60] showed that the threshing loss 

of an axial thresher was significantly affected by the grain moisture 

content, the rotation speed of the cylinder, the feeding amount, and 

the inclination angle of the plant (cob, husk, leaves, stem) and the 

guide leaf except the grain.  When the rotation speed of the 

cylinder increased, the threshing loss rate decreased, however, the 

breakage rate increased.  Furthermore, it was found that the 

inclination angle of the vibrating screen affected the loss rate and 

that the rotation speed of the drum affected the breakage rate but 

did not impact the loss rate.  However, another study of threshing 

with an axial-flow cylinder showed that when the grain moisture 

content was in the range of 14%-28% and the feeding amount was 

in the range of 0.5-2.5 t/h[61], the grain moisture content and the 

feeding amount did not affect the threshing loss at a certain drum 

speed (cylinder peripheral speeds (RS) of 12 280-13 000 cm/s); 

however, the rotor speed was found to significantly affect the 

threshing loss (RS in the range of 8000-12 000 cm/s). 

5.4  Harvester adjustment affects harvest loss 

Sumner et al.[26] noted that the loss rate in the mechanical 

harvesting of maize is generally between 2% and 4%, however, if 

the condition of the harvester is not checked during harvesting or 

the stage in the harvesting process where the loss may occur is not 

known, then loss rates of 10% or more may occur.  A large 

number of studies have found that excessive header loss is mainly 

caused by improper clearance adjustment of the ear plucking plate.  

Monsanto[62] showed that the loss caused by the ear plucking plate 

was 62.7 kg/hm2, accounting for 1/3 of the total loss, and the 

median loss was 37.62 kg/hm2.  When the rotating speed of the 

cylinder and the clearance between the cylinder and the concave 

was adjusted properly, there was no serious consequence to the 

grains being left on the cob without being threshed; the average 

threshing loss was 31.35 kg/hm2 and the median was 15.68 kg/hm2.  

The highest observed loss was 282.15 kg/hm2, however, this was 

caused by a serious imbalance between the rotational speed of the 

cylinder and the clearance between the cylinder and the concave.  

SteponaviČius et al.[63] proposed that the correct adjustment of the 

cylinder rotational speed and the clearance between the cylinder 

and the concave can reduce the threshing loss to 0.3% of the yield 

or lower.  Moreover, Pekkevicius et al.[64] tested the threshing of 

wet maize ears (grain moisture content>35%) in 2003-2005.  The 

results showed that adjusting the rotating speed of the cylinder and 

the clearance between the cylinder and the concave can effectively 

reduce the threshing loss.  Additionally, the findings suggested 

that when the rotating speed of the cylinder is 17.3 m/s the feeding 

amount should be uniform and the loss and breakage rate can be 

reduced.  The feeding amount was 0.83 kg ears s/m, that is,   

0.83 kg of maize ear was distributed on the surface of the rotor per 

meter per second.  The authors concluded that the rear clearance 

between the cylinder and the concave should be 10 mm less than 

the average diameter of the ear, and their test clearance setting was 

32 mm; they also considered that the rear clearance should be equal 

to the ear cob diameter, and their test clearance setting was 23 mm.  

The results suggested that if the grain moisture content is 37% and 

the cylinder rotational speed is 10 m/s, the back clearance should 

be smaller to reduce the loss.   

Furthermore, the loss of kernels passing through the cleaning 

screen was usually low, generally 25.08 kg/hm2 with a median of 

12.54 kg/hm2[62].  The highest separation loss was up to     

188.1 kg/hm2, which was mainly caused by the blockage of the 

separation screen, especially when the grain moisture content was 

higher than 25%, the separation loss increased rapidly.  It was also 

shown that reducing the feeding amount can effectively reduce 

separation loss.  Additionally, it was found that the improper 

adjustment of the sieve hole and fan will cause kernels to fall to the 

ground after passing through the sieve, thereby causing losses; if 

the air volume is too large the grains will be blown out directly, 

while if the sieve hole is too small the grains will be discharged 

from the sieve box if they cannot pass through the sieve hole.   

Morvaridi et al.[65] found that the traveling speed of the 

harvester did not have a significant impact on the header loss, 

however also showed that the drum speed had a significant impact 

on the threshing loss.  The highest loss rate (5%) was observed at 

processing traveling speed of 2.23 km/h and a drum speed of  550 

r/min.  Moreover, Miu et al.[66] showed that, when the rotating 

speed of the cylinder was low, the threshing loss was increased due 

to imperfect threshing; however, when the moisture content of the 

fed material other than grain (MOG) was high, the loss from 

cleaning was increased due to the increase of friction between the 
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MOG and grains.  Additionally, it was found that with increasing 

feeding amount the threshing loss decreased but the separation loss 

increased.  Furthermore, the research of Miu et al.[66,67] on wheat 

mechanical harvesting also showed that the main variable 

controlling the harvest loss is the feeding speed of MOG.  With 

increasing MOG feeding speed, the grain loss increased 

exponentially, however low feeding speed caused high grain 

damage.  Under a given yield level, the feeding speed of MOG 

was directly proportional to the moving speed.  Therefore, at high 

yield, harvesting at a lower forward speed can obtain a lower rate 

of grain damage and low harvest loss.  

5.5  Effects of harvester operation on harvest loss 

Before field operation, the operating speed, header height, ear 

plate gap, cylinder rotational speed, concave clearance, and other 

parameters of the harvester should be adjusted according to the 

type of harvester, maize variety, planting density, unit yield level, 

grain moisture, and lodging status.  It has been reported that 

trained operators can control the separation loss rate at 0.4% and 

the header loss rate at 1.8%[23].  Additionally, tests have shown 

that during harvesting, if the header divider deviates from the 

maize plant row width by 10.16-12.70 cm, the loss of falling ears 

caused by gathering the ear through the header will reach    

156.75 kg/hm2 and that if the header encounters lodging (e.g., 

caused by bad weather, diseases, or pests) the loss will exceed  

630 kg/hm2[46].  Furthermore, Ayres et al.[8] investigated the 

operation of 84 combine harvesters in central and northern Iowa, 

and found that when the row spacing of the header differed from 

the planting row spacing by 5 cm the harvest loss increased by   

82 kg/hm2.  The header loss was found to account for 65% of the 

total harvest loss, and the total loss was found to have little relation 

with the forward speed of harvesting; however, it was shown that 

when the forward speed was over 4.8 km/h the loss of falling ear 

increased and the loss of falling grain decreased.  Paulsen et al.[27] 

investigated 11 combine harvesters in Brazil, and found that the 

harvest loss was 36.2-320.6 kg/hm2 with an average of 83.4 kg/hm2 

(1.3% of the yield).  Taking harvester C8 (John Deere 9770 STS) 

as an example, the total harvest loss was 116.2 kg/hm2 (1.6% of the 

yield), which can be considered reasonable, however, the 

separation loss was 92.9 kg/hm2, which was the highest among all 

harvesters.  Therefore, if the operator pays more attention to the 

changes in harvest loss caused by differences in the operation of 

the harvester and reduces the forward speed of harvesting, 

separation loss can be reduced.  Moreover, in a study of three 

harvesters, Ayres et al.[8] found that the ear loss from the header 

ranged from 141.08 kg/hm2 to 3009.6 kg/hm2 with an average of 

1404.48 kg/hm2.  Additionally, they found that the header loss 

was due at least in part to the following reasons: (1) the working 

height of the header was relatively high.  (This was done so that 

stones in the field would not enter the cylinder through the header 

during harvesting; (2) there was only one set of stem collection 

chains in each row of the header, which caused the stems to be 

pulled off and then tilted forward, resulting in the falling of ears; (3) 

maladjustment of the relationship between the stem pulling roller, 

ear plucking plate, and ear collecting chain; and (4) header shaking 

occurred in the wider header whic6h led to ear falling.  

Additionally, field observations made by our team showed that if 

the forward speed of the harvester increases then (1) the feeding 

amount will increase correspondingly and (2) the amount of 

separation and cleaning loss after threshing will also increase 

correspondingly, which leads to the increase of the weight of 

kernels carried by cobs and husk leaves due to imperfect separation.  

Therefore, the optimal forward speed of the harvester is the speed 

corresponding to the minimum loss rate of threshing, separation, 

and cleaning in the harvester processing which can be tolerated 

under the amount of feed.  Generally, the forward speed is 

determined based on field experience during maize harvesting, a 

trial harvest over a distance of 30-50 m, and harvest parameters are 

subsequently adjusted according to the grain falling rate, ear falling 

rate, grain broken rate, and grain impurity rate in the field. 

6  Discussion and suggestions 

6.1  Harvest loss is an important problem that affects the 

quality of maize harvest and the promotion of mechanical 

harvesting in China 

The yield loss of maize in the process of mechanical harvesting 

directly affects the harvest yield.  Additionally, maize kernels 

falling into the field can become voluntary seedlings, which also 

has a significant negative effect on the growth and yield of the next 

season's crop.  Harvest loss is a common problem in the 

mechanical harvesting of maize around the world.  In 2012-2019, 

our team obtained 2987 groups of grain quality data from 

mechanically harvested maize in major maize production areas in 

China.  The average harvest loss was found to be 345.2 kg/hm2, 

equal to 3.5% of the average yield.  Although the average total 

harvest loss did not exceed the Chinese national standard of ≤5%, it 

was higher than the standard of ≤3% which is used in the United 

States, Brazil, and other countries.  Furthermore, there was a large 

difference in harvest loss among plots, with the loss ranging from 0 

to 9288.5 kg/hm2 (0%-58.6% of the yield) with a coefficient of 

variation of 183.5%, which was the most variable among all 

harvest quality indexes.  This shows that there was a large 

difference between the loss of falling ears and the loss of falling 

kernels in different fields.  This suggests that loss from 

mechanical harvesting is an important problem that affects the 

quality of maize grain harvesting in China.  This seriously 

restricts the adoption of mechanical harvesting technology by 

farmers.  Although the loss from falling grains and ears cannot be 

completely avoided in the mechanical harvesting of maize, future 

studies should investigate how to reduce these to the lowest level 

possible in China and abroad. 

6.2  Harvest loss of maize from combine harvesting mainly 

comes from the loss of falling ears  

The main measure that can be taken to reduce harvest loss is to 

control the pre-harvest loss caused by stalk lodging.  The harvest 

loss of maize during mechanical harvesting includes ear loss and 

kernel loss.  For the 2987 groups of grain quality data from 

mechanically harvested maize obtained by our team (see Section 

5.1), the average kernel loss was 113.6 kg/hm2 and the average ear 

loss was 351.15 kg/hm2 (range: 0-8960.1 kg/hm2), with the kernel 

loss accounting for 23.5% of the total average harvest loss and the 

ear loss accounting for 76.5%.  The ear loss mainly comes from 

the pre-harvest loss caused by ear dropping, damage from maize 

borer, stalk lodging during harvest, and the ear dropping loss and 

kernel falling loss during combine harvesting, among which the 

pre-harvest loss caused by stalk lodging is the main component.  

Therefore, in the future, it is necessary to strengthen the breeding 

of varieties that are resistant to lodging, especially during the field 

drying period after physiological maturity.  Furthermore, maize 

varieties should be matched to the local light and heat conditions, 

varieties suitable for mechanical grain harvesting and with 

resistance to lodging, maize borer, and stalk rot should be selected, 

and farmers should apply suitable planting densities and the 
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scientific management of irrigation and fertilization; additionally, 

the damage from maize borer and stem rot should be prevented and 

controlled, the optimum harvest time should be chosen, and ear loss 

should be reduced.  Delaying harvest can reduce the grain 

moisture content and thus decrease the cost of artificial grain 

drying.  However, delaying harvest also increases the harvest loss 

due to stalk lodging and ear falling.  Therefore, the appropriate 

harvest period should be chosen to achieve a balance between 

harvest loss and drying cost.   

6.3  Development and selection of advanced maize combine 

harvesters, the matching of agricultural machinery with 

agronomy, and the training of maize producers and machinery 

operators will help to reduce harvest loss 

A large number of studies in China and abroad have shown 

that harvest loss results from the interaction between many factors, 

including crop production practices, maize growth status, combine 

harvester properties, the maintenance, adjustment, and operation of 

combine harvesters, and environmental conditions[21].  Different 

types of the combine harvester, and even different machines of the 

same type, can have different harvest losses, due to factors such as 

the type of mechanical device, the working principles, the header 

operation, the rotational speed of the threshing cylinder, the 

concave clearance, the screen clearance, the rotational speed and 

air volume of the cleaning fan, and the personnel operation; 

however, among these factors, the harvest loss is mainly affected 

by the ear dropping from the header.  The harvest loss can be 

effectively reduced by adjusting the operating parameters of the 

combine harvester before harvesting according to the specific 

conditions, including harvester type[25], maize variety[17,18,22,24], 

planting density and plant row spacing[9,15,18,19], pests and 

disease[17,18,22], grain yield, grain moisture content, stalk lodging 

rate, weather conditions during harvest[20,21], the terrain conditions 

of the maize field[17], and so on.  Therefore, the development and 

selection of advanced harvesting machinery and strengthening the 

training of maize growers and harvester operators have great 

potential for reducing harvest loss. 

6.4  Continuously formulating and improving the technical 

standards and methods of maize combine harvesting and 

promoting the development of the standardization of maize 

grain harvesting technology 

In order to develop maize grain mechanical harvesting 

technology, it is necessary to formulate and revise the appropriate 

technical standards and methods according to social and economic 

conditions and industrial development needs.  These standards 

include the standards of the selection of maize varieties that are 

suitable for the combine harvesting of grain, standards for 

production and planting technology, harvester operation, harvest 

quality evaluation, etc.  Formulating these standards can help 

establish a monitoring system for the quality of maize grain 

harvesting, assist in the production of harvest quality reports, and 

provide technical support for the promotion of maize mechanical 

grain harvesting technology and the reduction of harvest loss.  In 

major maize-producing countries such as the United States, Brazil, 

and Argentina, the standard of maize harvest loss is no more than 

3% of the yield.  However, in China, the current national standard 

of “technical conditions for maize harvesting machinery” 

(GBT-21962-2008)[31] stipulates that the maize harvest loss should 

be no more than 5% of the yield.  As mechanized harvesting 

technology matures in China, the standard of harvest loss can be 

improved by referring to foreign harvest loss standards.  

Additionally, future studies should focus on ways to quantify the 

“invisible loss” from grains that are broken or pulverized, and 

which consequently cannot be accounted for when estimating loss. 
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