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Introduction

Rice (Oryza sativa L.) is one of the most significant 
crops and the staple food of almost half of the 

world’s population. The demand for rice is increasing; 
therefore, it is imperative to adopt the right technologies 
to preserve biodiversity and the environment while 

increasing productivity on the same amount of land. 
Given limited land resources, reducing paddy losses is 
essential at each stage of the rice production process 
to ensure its safety. In rice cultivation, time is critical 
since late or early harvests reduce the amount and 
quality of rice that can be recovered. Rice yield will 
certainly decrease if harvesting is delayed or hastened, 
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affecting resource consumption and environmental 
sustainability. Although timely rice harvesting ensures 
improved yields and good quality, farmers usually 
harvest transplanted rice before or after it reaches 
full maturity, consequently reducing their earnings 
(Wang et al., 2021). 

Mechanized harvesting is required due to rice’s 
enormous planting area and timely harvesting of 
the crop. As a result, reviewing harvesting methods 
is critical for enhancing yield and quality, boosting 
farmer revenue, and encouraging sustainable 
agricultural growth. Reducing losses in combined 
harvesters requires careful management of mechanical 
losses. During the harvesting process, these losses are 
inevitable; however, they can be reduced with suitable 
measures (Wang et al., 2021). Some investigations 
have analyzed mechanical loss during rice harvesting. 
Khir et al. (2017) evaluated harvesting losses caused 
by several harvesters and headers in different weather 
situations. Adisa et al. (2016) found that the important 
operational parameters of rice harvesting greatly 
impacted its performance. The optimal values for rotor 
height, stripper rotor speed, and forward speed were 
determined to be 270 mm, 17.55 m/s, and 3 km/h, 
respectively. Additionally, the differences in harvesting 
losses between manual and combined harvesting 
have been covered in certain research. Allameh and 
Alizadeh (2020) evaluated the performance of five 
harvesting practices. They found that the effective field 
capacity was highest for whole-crop combine (0.361 
ha/h) and lowest for hand harvesting (0.009 ha/h). 
The average losses during grain and panicle shattering 
were 2.33% and 2.58% for combined harvesters 
(head-feed and whole-crop) and manual harvesting 
(manual cutting + threshing, reaper + thresher, reaper 
+ universal harvester), respectively. The quality losses, 
such as broken, husked, and cracked grains, were 
0.61% for combined harvesters and 2.30% for manual 
harvesting. Total harvesting losses were 5.07% for the 
reaper + universal harvester and 2.74% for the head-
feed combine harvester. 

Producing rice of superior quality is key to the rising 
selling of rice, especially rice with a high head rice 
yield. Several variables influence head rice yield 
before, during, and after harvesting. When the 
moisture content of the rice harvest exceeds the 
optimal range, the rice grains yield, milled rice %, 
and the head rice yield all decrease while drying costs 
increase. Head rice yield increases when grains are 

filled and the immature grain proportion decreases 
(Thompson and Mutters, 2006). Bunna et al. (2018) 
found that, compared to crops harvested 35 and 45 
days after harvesting, head rice yield was greater when 
the crop was harvested 25 days after flowering. Grain 
moisture content frequently decreased and fissured 
grain increased with the postponement of harvest. 
However, because there was significant fluctuation 
in head rice yield for a given grain moisture content, 
it was determined that grain moisture content was 
not a reliable prediction of the best harvest time. 
Xangsayasane et al. (2019) observed that the head rice 
yield dropped when harvesting time was extended 
from 25 to 30 and then to 35 days. Thus, harvesting 
had a great impact on grain yield and quality. It is; 
therefore, the objective of the study was to evaluate 
the different harvesting practices in terms of grain 
losses and head rice yield.

Materials and Methods

Experimental site
The trial was carried out at Rice Research Institute, 
Kala Shah Kaku, Sheikhupura, Punjab, Pakistan 
(31.7214o N, 74.2702o E) in the rice seasons of 2021-
2022 (Figure 1). The average yearly rainfall is around 
585 mm, and the climate is subtropical and subhumid 
(Zahid et al., 2020). The highest temperature recorded 
each year ranged from 36 to 42 °C, with summer 
maxima reaching 48 °C and winter lows reaching 
4-6 °C. The annual light duration from January to 
May ranged from 5.1 to 10.4 hours, while the relative 
humidity levels from May to September fluctuated 
from 35-70%. The region’s soil type is Bahalike series 
loam (Zahid et al., 2020).

Figure 1: Location of the experimental site.
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Crop sowing and husbandry
The Kisan Basmati variety was used with a 25 kg/
ha seed rate, to develop the nursery. The crop was 
transplanted after 25 days using an eight-row 
transplanter (model 2ZG-8S2, Wishope, China) with 
plant-to-plant space of 15 cm and 30 cm row-to-row 
space. The crop was given 133:82:62 kg/ha doses of 
Nitrogen (N), Phosphorus (P2O5), and Potassium 
(K2O), respectively. The P2O5, K2O, and N were used 
as a base at a rate of 82 kg/ha, 62 kg/ha, and 66.5 kg/
ha, respectively while the rest (N) was applied during 
the booting stage. Regarding weeds, proper flooding 
was used to control biotypes.

Experimental procedure
The three harvesting practices such as Head-feed 
combine harvester, Whole-stalk combine harvester, 
and manual (Sickle + manual shattering) harvesting 
were used as experimental treatments. An area of 180 
m × 67 m was used in the experiment. The area was 
divided into 3 plots, one for each treatment. Each plot 
area was 60 m × 67 m. The CRD experimental design 
with three replications was used. The rice crop was 
harvested 25-30 days after flowering as suggested by 
researchers (Bunna et al., 2019). 

Manual harvesting
Using the quadrat, three samples were chosen at 
random. Each sample area measured 3m2. The rice 
crop was harvested using a sickle. It was then spread 
out on stubble to dry for a day or two before being 
bundled and manually threshed in the field (Figure 2). 

Figure 2: Manual harvesting.

Following threshing, the grain was cleaned, its weight 
and moisture content was calculated, and its yield 

was stated at 14% moisture content. Grain losses 
(shattering and threshing) were estimated using the 
approach described by Gummert et al. (2020).

Machine harvesting 
The Head-feed combine harvester (PRO-588I-G, 
Kubota, Japan) and Whole-stalk combine harvester 
(model 8060, New Holland, Italy) were used in the 
experiment (Figure 3). Depending on the state of 
the rice crop, the combine operators were instructed 
to work at the proper speed. The forward speed 
and threshing drum speeds were 2 to 3.5 km/h and 
500-600 rpm, respectively (Feliz et al., 2005). After 
harvesting the paddy rice crop samples, the weight 
and moisture content of the grain were determined. 
Grain losses (shattering and threshing) by combine 
harvesters were estimated using the approach 
described by Gummert et al. (2020), although the 
sampled area was 22 m2 for both combine harvesters 
(Figure 4). Three samples were collected.

  
 

A 

 

B 
Figure 3: Combine harvesters, (A) Head-feed harvester, (B) Whole-
stalk harvester.

  
 

A 

 

B 
Figure 4: Grain losses collection, (A) Shattering losses, (B) Threshing 
losses.

Crop parameters 
The yield-related parameters such as plant height 
(cm), panicle length (cm), grain yield (t/ha), 
productive and unproductive tillers (no. per m2), 
1000-grain weight (g), filled and unfilled grains (no. 
per panicle), and biomass yield were determined at 
the harvesting stage. The productive and unproductive 
tillers (no. per m2) were determined using a 1.0 m2 
quadrant randomly put in each plot at three different 
places. Simultaneously, ten plants from each plot were 
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chosen randomly to determine phenological data 
such as plant height, panicle length, and filled and 
unfilled grain (no. per panicle). In the middle of each 
plot, a 9 m2 area was used to determine grain yield. 
Using a moisture meter (Riceter f506, Kett, Japan), 
the moisture content of the grains was determined for 
each plot. At 14% moisture content, the grain yield 
(ka/ha) was computed. The weight of 1000-grain 
was determined by counting and weighing each 
sample using an analytical balance (Italiana Macchi 
TB Series, Gallarate VA, Italy). The straw’s moisture 
content was evaluated by oven-drying a 500 g sample 
at 70 oC for 72 hours. At 0% moisture content, the 
straw yield (ka/ha) was computed.

Head rice yield
The head rice yield was determined in this study. The 
sample size was 2 kg for each treatment. Head rice 
yield: The percentage of unbroken white rice recovered 
following milling is called head rice yield (Sultana 
et al., 2022). The procedure typically comprises five 
crucial steps. Firstly, samples were dried to 12% 
using a testing dryer (Satake Engineering Co., LTD, 
Ueno Taito-Ku, Tokyo, Japan). After that, cleaning 
was done using a cleaner (ALMCO, 99.M Ave 
Nevada, IOWA, 50201, USA). Secondly, husking and 
polishing were carried out using the husking machine 
(THU 35 A Satake Engineering Co., LTD, Ueno 
Taito-Ku, Tokyo, Japan) and polisher (model: 65-
220-50-3, Grain Machinery Mfg. Corp. 1130 NW 
163 Drive, Miami, FL, 33169, USA), respectively. 
Thirdly, grading was done to separate the unbroken 
kernels from the grains (Nawaz Engineering (Pvt.) 
Ltd, Sheikhupura, Pakistan) (Sultana et al., 2022) 
(Figure 5). For calculating head rice % the following 
formula was used (Sultana et al., 2022).

Where HR is the head rice in %, WHR is the weight 
of head rice in g, and WRR is the weight of rough rice 
in g.

Statistical analysis
The SPSS v27.0. ((IBM, SPSS Inc. NY, USA) 
software was used to perform the ANOVA test. 
Following that, the Shapiro-Wilk tests (p > 0.05) and 
Leven’s tests (p > 0.05) were used to validate the error 
assumptions (homogeneity and normality). Duncan’s 
test (p ≤ 0.05) was used to differentiate the means for 
effects that were significant.

Figure 5: Milled rice sample.

Results and Discussion

Crop parameters and their effect on harvesting
Crop parameters were assessed before harvesting 
operations in terms of plant height (cm), panicle length 
(cm), productive tiller (no. per m2), unproductive tillers 
(no. per m2), filled grain (no. per panicle), unfilled 
grain (no. per panicle), 1000-grain weight (g), biomass 
yield (t/ha), grain yield (t/ha), plants per m2, and grain 
moisture content (%) (Table 1). Table 1 shows that the 
unfilled grain (no. per panicle) was highly significant 
at p < 0.01, productive tiller (no. per m2), filled grain 
(no. per panicle), and 1000-grain weight (g) were 
significant at p < 0.05, and the rest crop parameters 
were non-significant for all harvesting methods. The 
healthy crop was selected for trials because the crop 
health and standing significantly affect the harvesting 
method performance. Healthy crops and standing 
provided a higher head rice yield for manual and 
combined harvesters. Salassi et al. (2013) observed 
that the head rice yield of all harvesting methods 
was lower for semi-lodge crops. Some researchers 
found that crop health affected the head rice yield by 
harvesting methods and time (Khan and Salim, 2005; 
Hossain et al., 2009; Roy et al., 2011). 

Grain moisture content also affects the performance 
of the harvesting method and grain quality. According 
to Siebenmorgen et al. (2006), the ideal moisture level 
for long-grain paddy ranges from 19 to 22%, whereas 
medium-grain paddy ranges from 22 to 24%. In our 
case, the grain moisture content during harvesting 
was 21% for all harvesting methods.
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Table 1: Crop parameters with their significance level.
Crop parameters Units Head-feed 

harvester
Whole-stalk 
harvester

Manual 
harvesting

Harvesting 
method

PH ± SD (cm) 128±4.04a 124±4.00a 122±4.50a ns
PL ± SD (cm) 22±0.57a 22±1.00a 22±1.52a ns
PT ± SD (no. per m2) 229±3.60a 234±4.00a 242±5.03b *
UPT ± SD (no. per m2) 10±1.52a 11±2.51a 12±1.52a ns
FG ± SD (no. per panicle) 40±2.00a 39±2.00a 45±2.08b *
UFG ± SD (no. per panicle) 14±1.00a 3±1.00b 9±1.00c **
TGW ± SD (g) 27±2.00a 33±1.00a 29±1.52b *
BY ± SD (t/ha) 9±1.00a 10±1.52a 9±1.52a ns
GY ± SD (t/ha) 3.99±0.11a 4±0.14a 4±0.10a ns
P ± SD (m-2) 14±1.52a 14±2.51a 14±1.52a ns
GMC ± SD (%) 21.2±0.26a 21.3±0.20a 21.3±0.20a ns

According to Duncan’s test (0.05), different letters signify that means are significantly different from one another. PH stands for plant height. 
PL stands for panicle length. PT stands for productive tiller. UPT stands for unproductive tiller. FG stands for filled grain. UFG stands for 
unfilled grain. TGW stands for 1000-grain weight. BY stands for biomass yield. GY stands for grain yield. P stands for Plants/m2. GMC 
stands for grain moisture content. SD stands for standard deviation. ns stands for non-significant. Significant values are shown by ** and * at 
0.01 and 0.05, respectively.

Table 2: Grain and head rice yield losses with their 
significance level.
Harvesting method Grain losses 

(%) ± SD
Head rice yield 
(%) ± SD

Head-feed harvester 4.78±0.99b 31.73±2.01b

Whole-stalk harvester 10.73±0.79c 15.40±3.13a

Manual harvesting 2.96±0.15a 29.73±1.97b

Harvesting method ** **

According to Duncan’s test (0.05), different letters signify that means 
are significantly different from one another. SD stands for standard 
deviation. Significant values are shown by ** at 0.01.

Grain and head rice yield losses
Grain losses (shattering + threshing) during harvesting 
and head rice yield were measured in this study. Table 
2 shows that the effect of harvesting methods on grain 
losses and head rice yield was highly significant at p < 
0.01. The results revealed that the manual harvesting 
grain losses were less compared to other harvesting 
methods. On the other hand, the head-feed combine 
harvester grain losses were 55% less compared to the 
whole-stalk combine harvester. The head rice yield of 
the Head-feed harvester was 51.5% and 6.3% higher 
than the Whole-stalk and manual harvesting methods. 
The higher grain losses in Whole-stalk harvesters may 
be due to improper rice kits installed on the harvester 
or reel shaking effect and its impact force. Khan and 
Salim (2005) reported that shattering losses increase 
by up to 12% due to reel shaking and its impact force. 
The low head rice yield in whole-stalk harvester might 

be due to threshing grain in repeated quick and severe 
blows. This causes the rice grains to break during the 
milling process. Mohtasebi et al. (2006) found that 
the head rice yield was affected by increased threshing 
cylinder impact force, moisture content, and feed rate. 
The lower grain losses and higher head rice yield in 
head-feed harvesters may be due to being specifically 
designed for rice crops.

Conclusions and Recommendations

Three paddy harvesting methods such as head-
feed harvester, whole-stalk harvester, and manual 
harvesting were assessed in terms of grain losses 
and head rice yield. All crop parameters were non-
significant except for the productive tiller, filled and 
unfilled grain, and 1000-grain weight which were 
significant at p < 0.05. The grain moisture content 
during harvesting was 21% which was within 
the recommended range. The effect of harvesting 
methods on grain losses and head rice yield was 
highly significant at p < 0.01. Higher grain losses 
(10.73%) and lower head rice yield (15.40%) were 
found in the Whole-stalk harvester. Lower grain 
losses (4.78% and 2.96%) and greater head rice yields 
(31.73% and 29.73%) were obtained using head-feed 
harvesters and manual harvesting, respectively. Based 
on the findings, Head-feed combine harvesters are 
recommended as a more practical choice for paddy 
harvesting.
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