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Abstract: Against the background of increased population and resource depletion, managing food
losses means conserving agricultural production resources and increasing farmer income. This paper
mainly introduces the discovery and value of latent loss. In 2019, our experimental team formulated
the 5T management method, which concerned the rice harvest period. Moreover, to promote the
5T management method, our team conducted relevant experiments about rice grain growth curve
and found an accidental reduction in the dry matter weight of rice. To ensure the accuracy of the
results of the latent rice loss in 2019, easy-to-use nuclear magnetic resonance is a non-destructive,
rapid evaluation method, which is suitable for accurately determining high-moisture content and
multi-variety rice. Overall, the experimental results in 2020 showed that if rice was harvested at
the optimal time, the rice loss rate could be reduced by 3.5346%, which is equivalent to a yield of
235,051 tons of rice. The results are in agreement with evidence from field trials and suggest that
the latent loss of dry matter caused by delayed harvest not only causes yield losses and economic
losses but also increases postharvest grain loss and rice seed shattering loss. This significant factor,
the optimal harvest time, in harvest period is strictly controlled to prevent the dry matter loss caused
by innate knowledge and traditional management and to provide new possibilities for increasing the
amount of available fertile land and generating income.

Keywords: latent loss of dry matter; rice; loss reduction; grain growth curve; nuclear magnetic
resonance (NMR)

1. Introduction

Food loss and waste have become major global issues that not only affect the rela-
tionships between food supply and markets and farmer income but also threaten global
food security and environmental sustainability [1,2]. Since 2015, the FAO’s Global Initiative
on Food Loss and Waste program has issued a number of case studies, and the results
indicated that harvest appears to be a common critical point for losses involving all types
of food crop species [3].

Almost one-third of global food production in terms of weight is lost or wasted. In sub-
Saharan Africa and South/Southeast Asia, the per capita food loss is 120~170 kg/year [4].
Food loss can either be the result of a precise quantitative loss or arise indirectly due
to qualitative loss [5]. In developing countries, the main causes of food loss are related
to outdated harvest techniques and limited postharvest handling and infrastructure [6].
Specifically, postharvest losses in Peru are estimated to be 15%~27% of production [7].
A study [8] conducted on rice postharvest losses in Nigeria estimated a postharvest loss
of 24.9%; the loss from paddies accounted for 19% of the total cultivated area, among
which the loss during harvest was 4.43%. Another survey [3] showed that on-farm losses
of cereals and pulses are highest in sub-Saharan Africa and in Eastern and Southeast Asia,
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and their losses range from 0.1% to 18%. ALavi et al. stated that the percentage of rice loss
in Southeast Asia was 10%~37% [9]. Another postharvest loss study in India estimated a
10.3% increase in rice harvest losses due to delayed harvest because of a lack of adequate
harvest equipment [10].

As a major global food producer, China has experienced severe postharvest problems.
The rice harvest loss varies with maturity and the absolute loss rate is between 1.00% and
6.80% [11].There are many dynamic and complex factors involved in the process of rice
harvest and storage, mainly those that focus on postharvest grain loss [12–15], including
loss due to mechanical harvest [16,17], loss due to transportation and dispersal [18], loss
during the drying process [19], loss caused by mildew [20], loss during storage [21], loss
due to over-processing [22], etc. Based on statistics from China’s Ministry of Agriculture,
the fixed loss rate of grain during harvest is 5.5%. At this rate, China loses 35 billion
kilograms of grain annually. Moreover, the losses during storage and transportation are
equally large—approximately 35 billion kilograms annually [23].

Most of the loss problems in rice growth are due to the high moisture content of
grain, which is generally above 30% and difficult to measure. The traditional method
for moisture determination, i.e., the Oven-drying method, requires complex steps and
is time-consuming and susceptible to interference. In order to make a large number of
measurements, a non-destructive rice moisture content detection method, Nuclear magnetic
resonance (NMR), was proposed [24], which can reveal the moisture variation more directly
and accurately during rice growing. The operation is also simple and chemical reagents
and chemical analysts are not needed [25], thus the results can be used to determine the
standard-moisture 1000-grain weight for rice grains.

With the purpose of exploring the rice growth curve, our team studied how to reduce
the post-harvest loss of rice. In previous studies [26–29], it was found that high-moisture
content rice (≥30%) was generally not involved; the rice grain growth process was not
focused on and the sampling period was not fixed once per day. Through designing
relevant experiments, our team carried out a 5T management experiment involving the
high-quality rice harvesting and storage of three rice varieties in 2019, and developed the
“DB22/T 3113-2020 5T Postharvest management protocol for high-quality paddies” [30]
based on the preliminary investigation and experimental operation. Furthermore, the
growth pattern of rice followed an irregular S-shaped curve was discovered [31,32], and
the dry matter of rice grains peaked on a certain day after the plants entered the mature
stage and then declined to a certain value over time, which was defined as latent loss of dry
matter. However, the existence of this loss has not been noted in the literature. To prove
that this phenomenon does not exist because of error, our team selected 18 representative
rice varieties in Jilin Province and examined their quality indicators. In particular, NMR
moisture detection technology was used and a model of the standard-moisture 1000-grain
weight for rice grains was established. The potential loss and rate of loss were calculated
and compared to the actual data recorded during harvest and storage operations in Jilin
Province, Northeast China.

2. Materials and Methods
2.1. Plot Location and Test Materials

The experiment was carried out in the experimental plot of Gudianzi town, Changyi
district, Jilin City, Jilin Province, China (longitude, 126.37◦; latitude, 44.02◦) and Nanweizi,
Gongzhuling city, Siping city, Jilin province (longitude, 124.75◦; latitude, 43.47◦) in 2019,
Gudianzi town, Changyi district, Jilin City, Jilin Province, China (longitude, 126.37◦; lati-
tude, 44.02◦) in 2020. The experimental field has a deep soil layer, convenient irrigation
and drainage, water and fertilizer conservation, good permeability, and the surrounding
environment, planting density, fertilization and pesticide spraying; other conditions are
basically the same.

The rice variety tested was divided into two types based on grain type: round-grained
varieties and long-grained varieties. In 2019, the round-grained varieties were Jijing 816
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and Jijing 528; the long-grained varieties were Wuyoudao 4. In 2020, the round-grained
varieties included Jijing 511, Jijing 816, Jinongda 667*, and Qinglin 611*; the long-grained
varieties included Tianlong 619, Wokeshou 1, Fangyuan 77*, Zhongke 804*, Zhongkefa
5*, Daohuaxiang 9*, Wuyoudao 4, Longyang 13, Zaoxiang 7*, Longyang 16*, Songjing 29*,
Longyang 7, DF416, and Jijing 561 (* means a medium-maturing variety with a growth
period of less than 140 days, whereas the others are late-maturing varieties with a growth
period of more than 140 days).

2.2. Experimental Design

This experimental process is shown in Figure 1. There were some differences in
experimental details between 2019 and 2020. First, the selection of experimental varieties
was different, and the varieties tested in 2020 were more representative; second, the
continuous sampling time of the experiment was different: 30 days in 2019 and 43 days in
2020; third, the moisture measurement method was different: using the oven water method
in 2019 and using NMR technology for determination in 2020.
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Figure 1. Experimental process.

Although the results of the two-moisture determination method were accurate, it was
not appropriate to use the oven water method under the test conditions of various varieties,
short sampling period and heavy sample size. Furthermore, NMR moisture detection
equipment was used to measure moisture, which has the advantage of not damaging seeds,
high sensitivity, strong pertinence, short detection time, no complicated steps and sample
preparation for targeted analysis, and the results are equally accurate. Due to the existence
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of NMR technology, it is possible to detect 18 varieties of rice at the same time to determine
the existence of latent losses.

By analysing the relaxation times of solid and bound water, our team were able to
rapidly and accurately determine rice moisture samples [33,34] using a seeds oil content
analyser benchtop NMR analyser (model PQ001-12-0040V; range 13%~80%, relative stan-
dard deviation (RSD) <5%). For this, an accurately weighed sample was placed in the centre
of the radio frequency coil at the central position of the permanent magnet to measure the
moisture content of the grain. The sequence parameters were as follows: SF, 11 MHz; O1,
929,168.73 Hz; P1, 5.00 µs; TD, 1024; TW, 1500.000 ms; NS, 16; and RFD, 0.002 ms.

The measurement accuracy of Seeds Oil Content Benchtop NMR Analyzer was less
than or equal to 0.5%, and the water measurement range was 0.05%~100%. In addition,
the moisture content of the rice and the total amplitude of NMR signals were positively
correlated. The regression equation was y = 938.587x − 92.0737, the correlation coefficient
was R = 0.9992, and the determination coefficient was R2 = 0.9984.

2.3. Sample Collection

The following process was performed during the experiment. First, the middle
10 m × 10 m portion of each field was selected (where it was flat and fertile) as the ex-
perimental area for each rice variety and divided it into five representative points according
to the 5-point sampling method. At each sampling point, the ear leaves were cut from
random plants and 15~20 plants were collected at 10 a.m. every day, avoiding the edge
of the field. The ear leaves were placed in bag numbered according to variety; all the
samples were then manually threshed by stainless steel hose clamps, cleaned and hulled
by a rubber-roll husker to determine the 1000-grain dry matter weight and the brown rice
grain moisture content.

2.4. Data Processing and Statistical Analyses

The optimal harvest day of each variety was determined by analysing the data, and
a model of the standard-moisture 1000-grain weight after the optimal harvest day was
established. Based on the average harvest day of high-quality rice in Northeast China, the
latent loss and loss rate of dry matter were calculated via a nonlinear regression model.
The various indicators were measured and calculated as follows.

2.4.1. Determination of Sample 1000 Grains of the Standard-Moisture Weight

The moisture content of brown rice grains (WH2O) was measured by using rapid and
accurate moisture detection method. For ease of measuring the 1000-grain weight (m1),
approximately 500 brown rice grains were randomly omitted by quartering, the unbroken
grains were selected, weighed (mt), and the number of whole grains (N) was recorded,
Then, the weight of 1000 grains of dry matter (M) was calculated, which is accurate to
0.0001 g in Formula (1):

M (g) = mt × 10 × (100 −WH2O) ÷ N (1)

Here, all the test results need to be repeated three times to obtain the average value.
Finally, the dry weight of 1000 grains were converted into the standard-moisture weight of
1000 grains, and its moisture content was 15.0%.

2.4.2. Determination of Sample Optimal Harvest Days

During the data processing, the maximum value and the minimum value of the
standard-moisture 1000-grain weight data of each rice variety were determined, and if the
value was at either end of all the data, the value was omitted; if not, the beginning and
ending data were averaged, and the rest of the data were filled in accordingly. Finally, all
the data were processed to obtain the standard-moisture 1000-grain weight homogenization
data of the different rice varieties.
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To analyse the direct effects of the standard-moisture 1000-grain weight and time after
heading, both linear and nonlinear regressions were performed using all the data obtained.
To determine the best model for each relationship, first- and second-order linear models
were constructed, and the model with the highest adjusted R2 value was ultimately chosen.
A linear regression equation between the standard-moisture 1000-grain weight (g) of water
and the number of days after heading (days) was established using the determined optimal
harvest day as the starting point, and the R2 value was calculated. The optimal harvest day
was the day when the dry matter weight of grains reached the maximum value during rice
growth (Table 1).

Table 1. Standard-moisture 1000-grain weight models based on a standard 15% moisture content in
2019 and 2020.

Year Variety Regression Equation R2 p Variety Regression Equation R2 p

2019
Jijing 816 y = −0.0325x + 21.704 0.7551 <0.0001 Jijing 528 y = −0.0302x + 22.759 0.7775 <0.0001

Wuyoudao 4 y = −0.0628x + 27.973 0.7809 <0.0001

2020

Jijing 816 y = −0.0372x + 22.390 0.6850 <0.0001 Zhongke 804 y = −0.0344x + 26.035 0.6178 <0.0001
Wuyoudao 4 y = −0.0347x + 27.865 0.7502 <0.0001 Jinongda 667 y = −0.0295x + 21.654 0.3805 0.0010
Longyang 16 y = −0.0320x + 24.502 0.6337 <0.0001 Wokeshou 1 y = −0.0216x + 25.358 0.3345 0.0010
Songjing 29 y = −0.0182x + 24.218 0.4218 <0.0001 Tianlong 619 y = −0.0324x + 30.183 0.6548 <0.0001
Longyang 7 y = −0.0274x + 25.038 0.5872 <0.0001 Jijing 511 y = −0.0273x + 21.822 0.8062 <0.0001
Fangyuan 77 y = −0.0234x + 27.997 0.2620 0.0054 DF 416 y = −0.0545x + 30.121 0.8323 <0.0001

Jijing 561 y = −0.0370x + 25.728 0.9489 <0.0001 Qinglin 611 y = −0.0317x + 25.020 0.6190 <0.0001
Longyang 13 y = −0.0333x + 25.580 0.7035 <0.0001 Daohuaxiang 9 y = −0.0133x + 25.084 0.3448 0.0013
Zhongkefa 5 y = −0.0595x + 29.708 0.3984 0.0155 Zaoxiang 7 y = −0.0371x + 27.337 0.6381 <0.0001

2.4.3. Latent Dry Matter Loss and Loss Rate

The latent loss of dry matter
(4m) was defined as the weight change value between the standard-moisture 1000-grain

weight of the optimal harvest day (m30) and the standard-moisture 1000-grain weight of
the average harvest day (m31) in the experimental area. The Formula is as follows (2):

4m = m30 −m31 (2)

The latent loss rate of dry matter (ULR) is defined as ratio of the latent loss of dry
matter to the standard-moisture 1000-grain weight on the optimal harvest day, as shown in
Formula (3):

ULR = (m30 −m31) ÷m30×100% (3)

3. Results
3.1. Standard-Moisture 1000-Grain Weight Model

Taking the determined best harvest day as the starting point, the linear regression
equation was applied to the experimental data of various rice varieties. All of the models
revealed a negative X coefficient, 100% of the R2 values of the 3 kinds of paddies were
greater than 0.5 in 2019 and 66.7% of the R2 values of 12 regression equations for the 18
kinds of paddies were greater than 0.5 in 2020, further explaining why dry matter weight
gradually decreased with time and increasing rice growth (Table 1).

3.2. Latent Dry Matter Loss and Loss Rate

Assuming that the rice loss at the optimal harvest day was 0, the latent weight loss
and dry matter loss rate at 70 days and 75 days after heading were calculated in Table 2.
According to the local harvesting method in Northeast China, farmers generally harvest
approximately 75 days after heading.
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Table 2. Latent loss weight and dry matter loss rate based on a standard 15% moisture content.

Year Variety

Days after Heading (days)

70 75

Loss Weight/g Loss Rate/% Loss Weight/g Loss Rate/%

2019
Jijing 816 1.0075 4.9299 1.1700 5.7251
Jijing 528 0.9362 4.3380 1.0872 5.0377

Wuyoudao 4 1.8212 7.1706 2.1352 8.4069

2020

Longyang 16 0.7360 3.2003 0.8960 3.8960
Songjing 29 0.5278 2.2487 0.6188 2.6364

Jijing 511 0.9282 4.4541 1.0647 5.1091
Zhongke 804 0.7224 2.9668 0.8944 3.6732

Jijing 816 0.8928 4.3174 1.0788 5.2168
Wokeshou 1 0.4752 1.9539 0.5832 2.3979
Qinglin 611 1.0144 4.2594 1.1729 4.9250
Longyang 7 0.6302 2.6535 0.7672 3.2303

Jijing 561 0.1850 0.7932 0.3700 1.5864
Longyang 13 1.0656 4.3826 1.2321 5.0673
Zhongkefa 5 0.1785 0.6940 0.4760 1.8506
Fangyuan 77 0.5382 2.0010 0.6552 2.4359
Wuyoudao 4 0.9716 3.6792 1.1451 4.3363
Tianlong 619 1.1340 3.9037 1.2960 4.4614

DF 416 1.4715 5.2975 1.7440 6.2785
Jinongda 667 0.5015 2.4962 0.6490 3.2304
Zaoxiang 7 0.4081 1.6228 0.5936 2.3604

Daohuaxiang 9 0.1596 0.6564 0.2261 0.9300

4. Discussion
4.1. Rice Growth Curve and Optimal Harvest Days

During the autumn of 2019, three kinds of high-quality rice planted in different
locations was sampled and cultivated via different methods [35], as shown in Figure 2.
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Figure 2. The relationship between standard-moisture 1000-grain weight of rice and days after
heading was tested in 2019.

From Figure 2, it can be seen that the rice growth curve showed a downward trend,
and the dry matter weight decreased with the heading days. In other words, if rice cannot
harvest at the right time, the yield of paddy will decrease rather than increase as the number
of days after heading increases. To verify that this conclusion does not exist by accident,
our team introduced NMR moisture detection equipment to ensure the accuracy of the data
and selected 18 representative varieties of high-quality rice from the experimental station
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in Northeast China, Jilin Province. Rapid and accurate NMR moisture detection technology
was used to measure the moisture content of the brown rice grains of the different rice
varieties (Supplementary Materials Table S1), after which the 1000-grain dry matter weight
(Supplementary Materials Table S2). According to the data of the standard-moisture 1000-
grain weight of the rice varieties (Supplementary Materials Table S3), the optimal harvest
day was determined on the basis of the analysis results, as shown in Table 3.

Table 3. Optimal harvest days of rice and the number of days after heading in 2019 and 2020.

Year Variety Optimal
Harvest Day

Days after
Heading Variety Optimal

Harvest Day
Days after
Heading Variety Optimal

Harvest Day
Days after
Heading

2019 Jijing 816 11 Sept. 39 Jijing 528 14 Sept. 39 Wuyoudao 4 15 Sept. 41

2020

Longyang 16 14 Sept. 47 Qinglin 611 6 Sept. 38 Wuyoudao 4 13 Sept. 42
Songjing 29 5 Sept. 41 Longyang 7 14 Sept. 47 Tianlong 619 12 Sept. 35

Jijing 511 5 Sept. 36 Jijing 561 29 Sept. 65 DF 416 12 Sept. 43
Zhongke 804 14 Sept. 49 Longyang 13 5 Sept. 38 Jinongda 667 21 Sept. 53

Jijing 816 12 Sept. 46 Zhongkefa 5 3 Oct. 67 Zaoxiang 7 19 Sept. 59
Wokeshou 1 15 Sept. 48 Fangyuan 77 12 Sept. 44 Daohuaxiang 9 19 Sept. 58

The inherent randomness of the sampling method led to certain fluctuations in the
measured value of the 1000-grain dry matter weight. On the basis of the statistical analysis,
it was considered that after heading, all the rice grains remained green and immature, dry
matter began to accumulate continuously, and the moisture content increased; in the dough
period, the number of green immature grains began to decrease, the moisture content of
the brown rice grains decreased rapidly, and the dry matter increased slowly, peaking
at approximately 48 days. During the harvest period, the number of green immature
grains significantly reduced, the moisture content was reduced to less than 30%, and the
dry matter content began to decrease, resulting in a latent loss. This latent loss of dry
matter is a common postharvest phenomenon, and 7 days before and after the date of the
maximum dry matter weight of the different rice varieties was defined as the best harvest
time. Of course, the best harvest date of rice will be influenced by temperature, humidity
and other factors.

4.2. The Possibility of Latent Loss Exists

In many studies [32,36–40], latent losses have not been directly described in terms
of rice growth curve measurements. There may be three reasons for this: first, in some
previous studies, the sampling period was approximately seven days; thus, the relatively
small amount of dry matter loss was masked due to randomness. Second, the error of the
experimental method used in the past research was too large, and the balance used was
too imprecise and incapable of revealing latent losses. Additionally, last but not least, the
moisture content was determined by nuclear magnetic resonance technology instead of the
standard oven method, making it possible to determine 18 rice varieties simultaneously.

During the autumn experiment of 2019, during the process of measuring the growth
of the paddies and generating maturity curves, a decrease in 1000-grain dry matter in the
later rice growth period was found. As such, the whole rice was tracked in the autumn
experiment in 2020. Under the conditions of a short sampling period (1~2 days) and with
multiple rice planted, the brown rice grain moisture was measured via NMR moisture
detection, and continuous and intensive sampling was carried out throughout the growth
process after heading, which further confirmed that there was a latent loss of dry matter
during the rice growth process (Figure 3). After the best harvest day, the dry matter content
of the rice obviously decreased slowly. Therefore, the keys to revealing latent losses are
short sampling periods and stable and accurate moisture detection.
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18 rice varieties in 2020’s experiment, (a) Jijing 816; (b) Wuyoudao 4; (c) Longyang 16; (d) Songjing 29;
(e) Longyang 7; (f) Fangyuan 77; (g) Jijing 561; (h) Longyang 13; (i) Zhongkefa 5; (j) Jinongda 667;
(k) Wokeshou 1; (l) Tianlong 619; (m) Jijing 511; (n) DF 416; (o) Qinglin 611; (p) Daohuaxiang 9;
(q) Zaoxiang 7; (r) Zhongke 804.

4.3. Calculation of the Latent Loss of Dry Matter

Rice losses on the optimal harvest day were assumed to be 0, and the latent weight
loss and dry matter loss rate were calculated according to the data recorded on the actual
harvest day. The data show that the later the rice was harvested, the greater the dry matter
loss was, which verified the existence of latent loss of dry matter. In other words, if rice is
not harvested at the appropriate time, the yield will decrease rather than increase with the
number of days after heading (Table 4).

Table 4. Average dry matter loss weight and loss rate of 18 different varieties of paddies in 2020.

Variety Round Grained Long Grained Medium Maturing Late Maturing Average

Days after heading (days) 70 75 70 75 70 75 70 75 70 75

Average loss weight (g) 0.8342 0.9914 0.6574 0.8213 0.5318 0.6869 0.8616 1.0312 0.6967 0.8591

Average loss rate (%) 3.8818 4.6203 2.5753 3.2243 2.2384 2.8820 3.4928 4.1871 2.8656 3.5346

The estimation of latent losses requires two time points: one is the optimal harvest
period for rice growth, and the other is the day of the current actual harvest operation. In ac-
tual rice operations, due to weather, operation methods, the use of different rice varieties
and differences in planting areas, the appropriate harvest period of rice varieties varies from
40~50 days after heading [29]. The optimal harvest days (Table 3) are essentially consistent
with the appropriate harvest period. Based on the results of our field investigations and
experiments, the rice ears began to grow around August 1, and the optimal harvest is
usually around September 15. However, the actual harvest time in some locations was
around October 10, a difference of 25 days.

The dry matter weight of rice decreased with heading time, and the results of the
analysis showed that a delayed harvesting date is the primary cause for the loss, as it causes
potential reductions in dry matter. Although, this part of the loss can easily be ignored,
Table 4 shows that when rice was not harvested at the optimal time, the dry matter loss
reached 3.5346%. The average weight loss and 1000-grain dry matter loss rate of all of the
above-mentioned varieties were 0.8591 g and 3.5346%, respectively, on the average harvest
day (75 days after heading) in Northeast China. The average loss weight and 1000-grain dry
matter loss rate of the round-grained, long-grained, medium-maturing and late-maturing
varieties were 0.9914 g, 0.8213 g, 0.6869 g, and 1.0312 g and 4.6203%, 3.2243%, 2.8820%, and
4.1871%, respectively.



Agriculture 2022, 12, 465 10 of 12

4.4. Latent Losses of Dry Matter May Lead to Economic Losses

In addition to losses due to food loss and food waste, latent loss of dry matter can
be added as a new form. The latent loss of dry matter not only causes yield losses and
economic losses but also increases the amount of postharvest loss, such as grain loss.

The amount of rice production in Jilin Province is 6.65 million tons annually [41]. If
seventy-five days after heading is taken as the final harvest day, the weight of the latent dry
matter loss is 6.65 million tons × 3.5346% = 235,051 tons. In addition, assuming that the
average purchase price is 2600 yuan/ton, the economic loss caused by the latent dry matter
loss is approximately 2600 yuan/ton × 235,051 tons = 611,130,600 yuan. If the cost for a set
of harvesting equipment is RMB 300,000, then 2037 sets of harvesters could be purchased
with the money lost due to latent losses. In other words, timely harvesting can reduce the
dry matter loss by 3.5346% in 2020.

By shortening the sampling period and using NMR moisture detection technology,
on the basis of accurately constructed growth curves of the high-quality paddies, we
determined that there is an optimal harvest day for high-quality paddies and that harvesting
beyond this day leads to latent losses of dry matter. Latent losses of dry matter not only
cause direct economic losses but also cause obvious decreases in harvestable paddies due to
overdue harvest. If the grains fall off in the field, mechanical harvest damage also increases
and can even lead to a decrease in the flavour of rice and the sale price of rice. These
economic losses need to be further measured and estimated.

5. Conclusions

1. Latent loss of rice dry matter does exist and is not invisible. Latent loss is the loss of
dry matter during harvest operations, not loss of moisture from the grain. To compute
the latent losses of rice, dry matter must be on the basis of the same moisture content
in order to calculate the loss of weight. The dry matter weight of rice was found to
reduce with the heading time due to the delayed harvest. This is called “latent loss of
dry matter” and it is an aspect of grain loss that is easily overlooked. It was concluded
that if the paddy is not harvested at the right harvest time, the dry matter loss of rice
can reach 3.5346%, which is equivalent to 235,051 tons of paddy.

2. A decrease in dry matter mass was initially found when the rice grain harvest was
delayed; the more mature the grain was, the easier the over-ripe grains fell off and
were not harvested [42]. This part of the loss is a chain reaction after the latent loss
of dry matter caused by not harvesting at the optimal time, which eventually leads
to economic losses. Our team found that the main reasons for this phenomenon are
as follows. First, our experimental group were able to take short and continuous
sampling intervals and closely observe every detail of the rice growth process; second,
the use of modern technology for large-scale sampling and testing was no longer
limited to one or two varieties; third, on the basis of the experiment in 2019, the
experiment in 2020 extended the duration of the experiment, thus covering the growth
link of rice with high water content (≥30%) [29], which made the conclusion of latent
loss of dry matter more convincing; finally, it avoided the influence of the traditional
idea that farmers should harvest rice as late as possible, and proves to some extent that
delayed harvesting will reduce the total rice yield, rather than increase the harvest;

3. Reducing food loss and waste is a long-term and arduous task. During the actual
experiment, our research team discovered and put forward a brand-new perspective,
applying NMR detection technology to make meticulous and multi-variety measure-
ments aiming to improve the 5T management process [43], avoid the loss caused
by wrong ideas and improper management, increase intangible fertile land, further
changing the concept and habits of agricultural production, popularizing the technol-
ogy of grain loss reduction and reducing the grain loss in the harvesting process.
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