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Abstract 

Manual cotton picking is an expensive process that requires large 

number of labor-hours to harvest one feddan. In addition cotton 

picking may require to be done twice to minimize production 

losses. picking cotton from plants during the mechanical harvesting 

process may be affected by a complex interaction of genetic traits, 
moisture differentials and machine performance parameters. 

Impurities such as stems, leaves, capsules (hulls), bracts and 
weedy material became a common part of the non-lint content of 

machine-harvested seed cotton. Giza 86 was mechanically 

harvested at four levels of forward speeds of 1.52, 1.86, 2.10 and 

2.35 km/h, and three levels of row spacings of 0.65, 0.76 and 
0.85m. IVloisture of seed cotton was recorded to test the effect of 
moisture content on machine performance. The results show the 

effective field capacity, specific fuel consumption, productivity, total 

cost and mechanical picking losses. Row spacing 0.85m and 

forward speed of 2.35 km/h at fiber moisture content of 

11.3%(d.b) minimize specific fuel consumption (0.443 L/kW.h) 

while, the same previous conditions with forward speed of 1.52 

km/h gave minimum value of mechanical picking losses (3.11%) 
also, row spacing 0.85m with moisture content of 8.3% (d.b) and 
forward speed of 2.35 km/h gave the maximum value of effective 

field capacity (1.666 Fed/h)and maximum value of productiVity 

(1.967 ton/h) and lower total cost (223.2 L.E/fed). Row spacing 

0.85m and forward speed of 1.52km/h achieve maximum value of 
2.5% span fiber length (32.8mm), 50% span fiber length 

(16.8mm), fiber length uniformity ratio (51.2%) and reflectance 

(73.6%), minimize seed cotton trash content (4.1%) and 
yellowness (6.9 unit). 

INTRODUCTION 

Harvesting cotton with picking machine may be affected by factors such as 

cultivation practices, variety, climatic conditions during growing, harvesting periods 

and harvesting practices. These factors affect the fiber quality prior to the textile mill 

and can determine the end use of the cotton along with processing at the mill 

(Columbus et at. 1990). It is possible to produce cotton in narrow rows that increases 

yields where environmental conditions limit plant size but it produced lower class 
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grade. However, the current marketing systprn depellC!s "'1 ql Floe and fiber length 

with grade being composed of color and trash ron Iponent';. C;ev(~ral researdwrs have 

shown that there is a significant quality variatiOl1 within' ottOi I produced if! a qiv'n 

field. Ahmed (1985) reported that, there ar,= sever'al factors, vvhich llave a 

considerable effect on the performance of cottOll hcHv,=~;tlnq nl(lchine. SomE: of these 

factors depend on the machine itself and its operrJtor, others are connpcted with the 

variety of cotton to be grown, the cultural and husbandry pr(lctices applied. The 

mechanical factors which affect the machine mainly concentratpd on the ricking part 

of the machine, namely, the number and spacing of thr~ [licking lone, sh·Jpe, sile, 

sharpness and angle of the spindles, and the rnechanism of cleaning the ~;pindles. 

Corley (1966) concluded that different harvesting prClctices affected fiber quality, also 

indicated that a delayed harvest reduced fiber quniity. t'V:/Hcrd et al. (1 QR7) staten 

that harvesting prior to exposure to ndverse weather conditions was critical to 

maintaining good quality, Columbus et al. (1990) showed that with the effects of 

initial seed cotton moisture (initial moisture ranged frorT! 8 3 to 17.8%) removed, the 

only seed cotton parameter that was significantly affectf'o by harvest treCltrnents was 

feeder foreign matter. They adderl to that, the HVI rneasurements and visiblp non-lint 

content affected by harvest treatments. Anthony (1991) reported that, the machine 

efficiency depended on many factors including rnachine design, cotton rnoisture level, 

processing rate, machine adjustments and speed, conclition of the rnachine, thl: 

amount and nature of trash in the cotton, distribution of (Otton across the machine 

and the cotton variety characteristics. Corley (1970) reported that, plant spacing 

within conventional single rows seems to have no great effert on the performance of 

either pickers or strippers. Tupper (1966) mentioned that, field losses Il'light he in the 

form of cotton dropped prior to harvesting (pre-harvest loo:;s), cotton left on the plants 

by the har-'ester or cotton dropped by the hnrvester. Matthews and Tuppei (1965) 

reported that, general experience with spindle pickers indicntes that, with careful 

attention to the various production and machine-operating factors involvinq mi'lchine 

losses will usually be 5 to 10% of the yield. Abd El-salam (2000) and Badr et al. 

(2001) reported that positive significant correlations were found between seed COttOIi 

yield, boll weight, seed index, lint percentage Cilld miclonairt' reading and hetween 

(2.5%andSO% )span length and length uniformity ratio. Thus, thiS study Vvas carried 

out to discuss the factors affecting the harvest process and investigate important fiber 

quality. 
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MATERIALS AND METHODS 

An imported cotton picker was operated and tested at four forward speeds of 

1.52, 1.86, 2.10 and 2.35km/h, fiber moisture contents 11.3, 9.8 and 8.3%, d.b were 

recorded during the test. The test was repeated at fields of row spaces of 0.65, 0.76 

and 0.85m, planted with cotton variety Giza 86 located in EL-KARADA farm at 

kferelshiekh province. The used cotton picker was JOHN DEERE 9970 model PC 602 

(Fig 1) .A top view of the operational action of cotton-picker spindles picking from 

each side of the row is shown in ( Fig 2).The specifications of the machine is shown in 

Table( l).Experiments carried out to determine field capacity, specific fuel 

consumption, productivity, total cost and mechanical picking losses. Cotton samples 

were taken randomly and mixed at the laboratory. From each treatment, Three 

replications used to determine effect of cotton picker on fiber quality represented in 

2.5%and 50% span fiber length, length uniformity ratio %, seed cotton trash content 

%, reflectance % and yellowness. 

Table 1. Technical specifications of cotton picker machine 

Specifications Cotton picker machine 

Model 9970 John-Deere 

Source of manufacture USA 

Overaillenqth cm 600 

Overall width cm 380 

Overall heiqht, cm 450 

Front tire inch 20.8x38 

Rear tire inch 9.0x24 

Total weiqht Mq 8 

Source of power Diesel enqine- 102.9 kW 

Number of picking units Four 

All pickinq unit Contains two picking drums 

Pickinq drum-type arrangements Contains 216 spindles 
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Fig. 1: Cotton picker in operation. 

Fig. 2: top view of the operational parts of cotton picker spindles picking. 
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I-Cotton picker performance: 

a) Calculation of the effective field capacity (E.F.C.): 

The effective field capacity was calculated from the folloWing formula (Kepner et a/., 

1982) 

E.F.C	 1 Fed/h ............. 1
 

total time, hlfed' 

b) Determination of field efficiency: 

The field efficiency was calculated from the following formula 

Effective field capacity 

% ..............2 Field efficiency TheoreticalJield capacity 

c) Determination of mechanical picking losses: 

Cotton losses were collected, losses represent cotton formerly dropped from plants 

and cotton dropped by the action of cotton picker during harvesting operation. 

d) Calculation of productivity: 

Productivity calculated by measuring weight of cotton picked by the machine 

(output) and time required for harvesting. 

e) Calculation of specific fuel consumption (S.F.C): 

The specific fuel consumption calculated using the following formula (Suliman et aI., 

1993). 

S.F.C	 _Xut'l_cons.u~tiQ..n~ __. L/Kw.h 3 

Power consumed, kW 

f) Determination of total cost:
 

Total cost of cotton picker, LE,Ih: include fixed and operating costs. Declining balance
 

method was used to determine the depreciation (Hunt, 1983).
 

g) Determination of seed cotton technology properties: 

Seed cotton samples were collected in plastic bags and isolated to preserve 

temperature and humidity and transported to the cotton technology Department, 

cotton Inst., A R. C (ASTM, 1984). A digital fiberograph (model 630) was used to 

determined (2.5% and 50%)span fiber length and length uniformity ratio. The 2.5% 

span fiber length=length (millimeters) at which 2.5% of the fibers are ~ this length, 

and 50% span fiber lenqth=length (millimeters) at which 50% of the fibers are ~ this 

length (May and Bridges, 1995) the uniformity ratio may then be computed as 

follows: 

50% span fiber length 1000/0 .. '" .•..•.••••••••••••••••• 
Uniformity ratio = .. __ ~_. . X 

.42.5% span fiber length 

The High Volume Instrument (HVI) was used to determined reflectance, yellowness 

and seed cotton trash content . 

. OIW l-:d(LiIl	 ·,(,'00 I1Wtcr ~qLlan' 
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h) Statistical analysis: 

the study data was analyzed with multiple regression analyses (SAS,1988) as a split 

split block design to determine analysis of variance, regression equations, 

determination coefficients and adjust of determination coefficients. 

RESULTS AND DISCUSSION 

l-Field performance characteristics of cotton picker: 

A) Effective field capacity: 

Results as shown in Fig. 3 indicate the effect of forward speed on the effective field 

capacity of cotton picker John Deere 9970 tested at different row spacings. The values 

of effective field capacity were 0.793 , 0.871, 1.021 and 1.180 Fed/h at forward 

speeds of 1.52 , 1.86, 2.10 and 2.35 km/h, respectively . Fiber moisture content 

11.3% d.b at row spacing of 0.65 cm. The field capacity increased with increasing of 

the forward speeds from 1.52 to 2.35 km/h and row plants spacing from a.65m to 

a.85m. The maximum value of effective field capacity was 1.666 Fed/h recorded at 

moisture content 8.3% d.b, forward speed of 2.35 km/h and row plants spacing of 

0.85 m, respectively. This was due to increase of space between stripes decreased 

number of plants in unit area, necessary to increase forward speed of the machine. 

B) Mechanical picking losses: 

Data of Fig. 4 represent the effect of forward speed, fiber moisture and inter row 

spacing on mechanical picking losses. Values of cotton losses increased by increasing 

forward speed and at lower fiber moisture contents. Mechanical losses of cotton 

picking decreased at wider row spacing. Results show also that, the forward speed is 

considered the most important effective factor. The minimum picking losses was 

3.11% recorded at forward speed of 1.52 km/h, fiber moisture content 11.3% d.b 

and row plants spacing of 0.85m. higher forward speed of the machine may cause 

sudden motion of cotton trees and consequently impact of stems and branches that 

may represent the reason for cotton to drop. On the other hand, at higher speed the 

spindles miss picking some bolls. 

C) Productivity: 

Fig. 5 illustrates the effect of forward speed, fiber moisture content and inter row 

spacing on productivity . Increasing forward speed tends to increase productivity 

under different fiber moisture contents. Machine productivity decreased at wider row 

spacing. The maximum value of productiVity was 1.967 ton/h recorded at forward 

speed of 2.35 km/h with fiber moisture content of 8.3 % d.b and row plants spacing 

of 0.85 m .Picking operation through dense crop increase chances of spindle to pick 

bolls and more ginning achieved. Operating the machine in fields of lower moisture 

may open more bolls and more productiVity may be achieved at higher forward speed 

(2.35km/h) increase productiVity regardless of losses. 
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D) Specific fuel consumption: 

Results presented in Fig.6 show the specific fuel consumption of the cotton picker 

operated at variable forward speeds to harvest cotton planted on rows spacing 0.65 to 

0.85m at variable moisture conditions. Increased forward speeds from 1.52 to 2.35 

km/h decreased specific fuel consumption. Also, at wider inter row spacing, specific 

fuel consumption decreased. An inverse relation was detected between specific fuel 

consumption and cotton moisture content when changed from 11.3 to 8.3% d.b. 

Forward speed was a more important factor affecting specific fuel consumption. The 

low value of specific fuel consumption 0.443 I/kW.h, was recorded at forward speed of 

2.35km/h, fiber moisture content of 11.3% d.b and row plants spacing of 0.85m .On 

the other hand high specific fuel consumption (0.544 I/kW.h) was recorded at 

1.52km/h at moisture content 8.3% d.b and furrow spacing 0.65m. 

E) Field efficiency : 

Fig .7 illustrates field efficiency percentage which was directly proportional to forward 

speed and inversely proportional to fiber moisture content. and inter-row spacing. The 

maximum value of field efficiency was 82.76% recorded at forward speed of 

2.35km/h, fiber moisture content 8.3% d.b and inter-row spacing of o.85m. Also, Fig 

.7 indicates the relationship between field efficiency and mechanical picking losses at 

different forward speeds, inter-row spaces and fiber moisture content 
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E) Total cost: 

Comparative cost was computed for manual and mechanical cotton picking. Table 2 

shows that mechanical harvest cost was lower than manual harvest. Lowest 

mechanical cost was 223.2 L.E/Fed and lowest manual cost was 1030 L.E/Fed, 

recorded at forward speed of 2.35 km/h, fiber moisture content of 8.3% d.b and row 

plants spacing a.85m. As shown in Table 3 and Fig .8 increasing forward speed from 

1.52 to 2.35 km/h, total cost tends to decrease. Total manually and total mechanical 

cost tends to decrease with decreasing fiber moisture content from 11.3% to 8.3% 

d.b and increasing row spacing from O.65m to 0.85m respectively. Where number of 

plants on the field was decreased therefore, harvesting process was more easy. 

Table 2. comparative cost of manual vs mechanical cotton picking at variable machine 
operation speeds and field conditions. 

Moisture Forward Inter-row Spacing, m 

content, 

%d.b. 

speed, 

kmjh 

0.65 

Manually Mechanical 

0.76 

Manually Mechanical 

0.85 

Manually Mechanical 

11.3 I 1.52 1340 5119 1250 406.7 1190 348.2 

1.86 1340 
. - -

2.10 1340 
----­ r ­

2.35 1340 

473.3 

425.2 

382.7 

1250 

1250 

1250 

368.9 

338.5 

304.5 

1190 

1190 

1190 

313.9 

280.4 

264.0 

1 

9 
. 
8 1.52 1290 478.3 1180 375.6 1100 319.3 

1.86 1290 431.1 
---­ f-------------~ f----- ­

2.10 1290 387.8 
f--------­

2.35 1290 346.6 

1180 

1180 

1180 

338.7 

307.6 

278.3 

1100 

1100 

1100 

285.6 

259.7 

239.7 

8.3 1.52 1175 429.1 1120 349.2 1030 289.9 

1.86 1175 395.7 1120 311.8 1030 268.8 

2.10 
~-

2.35 

1175 

1175 

351.1 

322.5 

1120 

1120 

290.6 

257.2 

1030 

1030 

242.6 
I--------~-

223.2 
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Fig. 8. mechanical vs manual cotton picking cost at variable CCJnditions. 

2-Determination of cotton picker efficacy on physical fiber quality 

properties: 

Table 3 data indicated that the values of 2.5% & 50% span fiber length, uniformity 

ratio and color reflectance show similar trends . These characteristics decreased with 

increasing forward speed from 1.52 to 2.35 kmjh and moisture variation from 11.3% 

to 8.3% d.b. Increased inter row spacing from 0.65 m to a.85m improved these 

characteristics. The maximum values of 2.5% & 50% span fiber length, uniformity 

ratio and color reflectance (Rd) were 32.8mm, 16.8mm, 51.2% and 73.6%, 

respectively, recorded at forward speed of 1.52 kmjh, fiber moisture content of 

11.3% and row spacing of 85cm. Seed cotton trash content and color yellowness 

decreased with increasing forward speed and decreasing both of fiber moisture 

content and row spacing. Minimum values of seed cotton trash content and color 

yellowness were 4.1% and 6.9 unit, respectively, recorded at forward speed of 1.52 

kmjh, fiber moisture content of 11.3% d.b and row spacing of a.85m. Increase of row 

spacing and moisture content improved characteristics of seed cotton picked 

mechanically which may be limited to the conditions of the current experiments. 
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Table 3. Effect of cotton picker forward speed, moisture content and inter-row spacing 
on some seed cotton properties. 

r ­ Inter-row~(:ifl9.o.85m 

521 32.8 116.8+ 51.2 I
I 

4.10
1.

I ,, 
l.

I 1. 

10_---t-i1.9 i 15.9
35 31.4 I 15.4 

I 

52 32.2
I 

86 31.8 

16.4

15.9 

86~ 50.8 4.40I 

4.9349.8I 1~.33 j-];- ­2. 

I 2. 49.0r- ­

I Moisture Forward Span fiber Fiber length Seed cotton I Reflecta 
Yellowness 

Wontent, speed, lenqth mm. uniformity trash I nce (+b), unit. 
% d.b. km/h. 2.S% SO% I ratio, %. content, %. (Rd), %. 

I Inter-row Spacing o.65m 

~l='52 31.8 15.7 49.4 4.93 73.1 7.4 

~113 ~:: 
31.5 15.3 48.6 5.32 71.0 7.9 

31.0 14.8 47.7 5.74 70.5 8.2 

2.35 30.6 14.4 47.1 6.18 70.2 8.8 

1.52 31.5 15.3 48.6 5.42 71.0 7.9 

I 186 
31.0 14.9 48.0 5.81 70.5 8.2 

9.8 1--
30.6 14.4 47.0 6.31 70.2 8.6f---. 2.10 

2.35 30.2 14.1 

14tL1
46.7 6.53 69.6 

0 
9.1 

I 
1.52 30.9 14.8 47.9 5.81 70.5 8.3 

~86 30.4 6.14 70.0 8.7 
I 8.3 
I r--- 2.10 29.7 6.60 69.1 9.113.7 46.1

L------.--L 2.35 29.1 13.3 45.7 7.14 68.7 9.5 

~---T-J~ 
Inter-row Spacinq 0.76m 

~._--~~ 

II 1.52 32.2 16.3 50.6 4.21 72.8 7.1 

I 1.86 31.9 15.7 49.2 4.67 72.2 7.6 
! 11.3 
: ~1O 31.5 15.3 48.6 5.24 71.6 7.9 

I~ _1=-'.35 31.1 I 14.8t- 47.6 5.63 71.1 8.4 

1.52 31.9 15.9 ~-:S-=-L 4.57 72.3 7.6 

r-1.86 31.5 15.3 4~~..2L-_ 71.9 7.9 
9.8L I- 2.10 31.0 14.9 48.0 T 5.56 71.2 8.2 

__1- 2.35 30.7 14.5 I 47.2 6.11 70.7 8.7 

I f-1.52__ 31.5 15.4 
----

48.9 __ 5.32 71.7 7.9 

f---- 1.86 30.9 14.9 48.2 5.71 71.3 8.383 ---
• I 2.10 ~*5 :=t=.§J-0--- ----.2Q~47.5 8.8--.r= 2.35 I 30. ()__L14.O 46.6 6.48 70.1 I 9.1 

50.9 5A7~a2 

+3.6 --
~-

6.9

73.1 7.2

72.7 7.6

8.0 

L_-R 
50.0 

10 3~.5 49.2I 98 11~
35 -- ill 14~- 48.0 

! I 1.52 -+~;_ ~6.0 I 50.4 
I 

, ~_1 86 _f--ill 15.5 49.6 

10 30.9· 15.1 48.8 

35 30.4 14.3 47.0L~T 
3- statistical analysis: 

ANOVA of analysis illustrated that arrangement of influence factors were moisture 

content, % as first of all followed by forward speed, kmjh later on space between 

stripes, em. Also, a multiple linear regression equation was developed. It had the 

following equation: 

I 4.41 73.1 

I 4.79 72.5 
--­

7.4 

7.8~5.15 71.~ 

5.69 71.2 8.3 

4.76 72.2 7.3
f--­

7.95.12 71.8 

5.64 71.2 8.4 

5.96 70.9 8.7 
-. 

E = a + b1F + b2S + b3M 5 
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where: 

E the dependent variable under consideration 

F = the forward speed, km/h 

S = the space between stripes, cm 

1\1 = the moisture content,% 

a the y-intercept and 

b1, b2 and b3 = the regression coefficients. 

values of the predicted regression coefficients(b1, b2 and b3) and its determination 

coefficients (R2) and adjust of determination coefficients(R2adj) are listed in Table 4. 

Table 4 . multiple linear regression equation, describing the field performance of 

cotton picker and some of seed cotton technology properties. 

Indicator a Regression coefficients R2 R2adj 

b1 b2 bJ 

A) Field performance of cotton picker 

Field capacity, fedjh 0.389 +0.612 +0.0021 -0.0533 94.6% 91.3% 

! 
Mechanical picking losses, % 3.630 +2.370 -0.0034 -0.2900 88.7% 86.2% 

Productivity, Mgjh 0.509 +0.685 I -0.0007 -0.0403 93.6% 90.2% 

Specific fuel consumption, LjkW.h 0.767 -0.061 -0.0005 -0.0141 95.8% 94.2% 

B) Seed cotton technology properties 

2.5%span fiber length, mm 30.3 -1.52 +0.0028 +0.0369 97.9% 94.9% 

50%span fiber length, mm 15.4 -1.80 +0.0036 +0.3060 97.7% 94.7% 

I 
Uniformity ratio, % 48.7 -2.98 +0.0176 +0.4330 89.1% 85.2% 

Seed cotton trash content,% 5.24 +1.64 -0.0056 -0.2610 95.9% 92.7% 

Reflectance, % 70.4 -2.16 I +0.0062 +0.4720 85.5% 81.3% 

Yellowness, unit 8.01 -1.47 -0.0039 -0.2530 94.6% 92.2% 

CONCLUSION 

From the above results and discussion it can be concluded that: 

1­ The optimum operation conditions for mechanical cotton picking were, row 

spacing of a.85m, machine forward speed 2.35km/h and cotton moisture 8.3% 

d.b at which field capacity of 1.666 Fed/h and productiVity of 1.967 ton/h 

achieved a cost of 223.2L.E/Fed. 

2­ Inter-row spacing of a.65m was suitable for manually harvest, while a.76m 

spacing was suitable for machine picking. 
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3- The maximum effective field capacity of 1.666 Fed/h and the maximum 

productivity 1.967 ton/h were obtained at row plants spacing of 0.85m, cotton 

picker forward speed of 2.35km/h and fiber moisture content of 8.3% d.b. 

4- The lowest specific fuel consumption of 0.443 I/kW.h and the lowest seed 

cotton losses of 3.11 % were obtained at row plants spacing of 0.85 m, fiber 

moisture content of 11.3% d.b and cotton picker forward speed of 2.35 and 

1.52 km/h, respectively. 

5- The minimum cost of 223.2 LE/Fed recorded at row plants spacing of 0.85m, 

fiber moisture content of 8.3 % d.b. 

6-	 The obtained results of the physical fiber analysis illustrated that: The highest 

values of 2.5%&50% span fiber length, fiber length uniformity ratio and color 

reflectance were32.8mm,16.8mm, 51.2% and 73.6%. And the lowest values of 

seed cotton trash content and color yellowness were 4.1% and 6.9 unit were 

obtained at row plants spacing of 0.85m, cotton picker forward speed of 1.52 

km/h and fiber moisture content of 11.3% d.b. 
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