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EVALUATION OF A SIMPLE MANUALY OPERATED 

PLANTING UNIT SUITABLE FOR SLOPING LANDS 

Khater, M. M. I.* 

ABSTRACT 

The idea to cultivate the grass seeds into the soil by trenches and 

conserve rain water was identified by using a simple manually operated 

planting unit to be easy using four sloping lands which were 4.8, 6.6, 8.6 

and 10.4 % under experimented area in arid conditions to cultivate 

Rhodes grass. The laboratory investigation included determination of the 

rate of seed discharge, uniformity of seed spacing and seed damage 

during operation. The obtained data revealed that soil moisture content 

measured from the manually operated planting unit had the highest 

values during growth season and can be ranked as 4.8% > 6.6% > 8.6% 

> 10.4% land slopes. Also, the soil moisture content values after 40 days 

of planting date were higher than that obtained after 3 days. The highest 

values of soil moisture content were 25.53 and 36.26 % for manually 

operated planting unit under 4.8% land slope treatment after 3 and 40 

days of planting date respectively. On the other hand, the yield values 

revealed that the manually operated planting unit had the highest record. 

The highest biological yield value was 92.447 Mg/ha by using manually 

operated planting unit with land slope of 4.8%. The lowest biological 

yield value was 48.059 Mg/ha by using of hand labor planting method 

with  land slope of 10.4% treatment.  

Keywords: manually operated planting unit, soil moisture content, seed 

germination, yield. 

INTRODUCTION 

rought has been identified as a major environmental problem in 

some farming areas and valleys, specially in the North Western 

Coast of Egypt. Planting into soils under the conditions of 

sloping lands need to be identifying. Adisa (1980) designed and 

constructed a manually operated flute planter/fertilizer distributor which 

was found to be 94% efficient in seed spacing but could not be used on 

the ridged seed bed and requires quite some effort and time to change 

seed drill size and seed spacing. 
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Simulations showed that an automatic propelled punch wheel with 

positive slip was necessary to aid in clearing of the punch tips. This same 

idea has been suggested by Srivastava and Anibal (1981).  Another 

approach to planting uses a punch planter, which only penetrates the soil 

to deposit seed Adekoya and Buchele, (1987). A punch planter is 

conceptually ideal for no-till planting because it disturbs a minimal 

amount of soil and is useful for crops sensitive to precision spacing. 

Punch planting is an old technique that still persists today in some 

countries, especially when manual devices are used. A comprehensive 

review by Morrison and Allen (1987) discussed performance 

characteristics required of planters and the challenges that must be 

addressed in conservation tillage systems. There are many accessories and 

attachments readily available for enhancing standard planters for no-till 

conditions. Rogers and Baron (1987) designed a similar manual planter 

for small seeds using an air seed meter. The system had problems because 

many of the seeds were dropped on the soil surface. after designing and 

testing a seed planter for no-till. Also Braide and Njidda (1989) 

developed a combined jab planter which was found to be 73.4% efficient 

and was three times faster than manual planting with hoes and cutlass. 

Shaw and Kromer (1989) observed operational difficulties with a 

machine that used trenches with cam activated doors, especially when 

operating in wet soil or with a high accumulation of residue. Kachman 

and Smith (1995) tested and compared the most widely used measures; 

mean, standard deviation, miss index and precision. Those measures were 

based on the standards limitations and gave a good indication of the 

spacing distribution. Molin and D’ Agostin (1996) developed a rolling 

planter for stony conditions, using 12 spades radially arranged with cam 

activated doors and a plate seed meter. Performance evaluation showed 

important improvement in the planting operation with reduction in human 

effort, more accurate stands and high field capacity. Wohab (2003) 

developed a minimum tillage planter with effective field capacity of 0.1 

ha/hr. The planter saved 35% time and 27% cost when compared to 

traditional methods. Bamgboye and Mofolasayo (2006) tested a 

manually operated two row okra planter developed from locally available 

materials. The planter had a field capacity of 0.36 ha/h with a field 
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efficiency close to 72%. The laboratory tests gave better spacing results 

than under field tests due to clogging of seeds and germination failure. 

Robert, et al., (2009) reported that no-till planters and drills must be able 

to cut and handle residue, penetrate the soil to the proper seeding bed, and 

establish good seed soil contact. In sloping lands moist soils, which may 

be wet in specific seasons need to provide an ideal seed germination 

environment, such conditions can make it difficult to conserve water 

retention. In contrast, hard and dry conditions may also prevail. This is 

especially common when water evaporated during the hot, dry months of 

June to August. A disc type maize seeder developed which is simple in 

design and can be handily operated with ease and comfort (Rolando et al, 

2011). It requires a pre-established furrow and after the falling of seed 

they are covered by soil. This is a labor intensive and time consuming 

process. Even in areas where the soil water retention is a limitation, 

farmers still have problems dealing with sloping land conditions, 

indicating that research for planting needs to be continued. The 

investigated manual planter is an alternative concept for no-till as it rolls 

over the soil surface and to overcome the un-regularity of seed spacing. 

Therefore, this research work aimed to: 

1- Evaluate the performance of a simple manually operated planting 

unit compared with labor hand planting under 4 different slopes to 

develop desired soil structure for a seedbed. 

2- Establish specific surface configurations of planting for water 

retention and seeds distribution. 

3- Determine the factors that realizes the best operation condition 

MATERIALS AND METHODS  

Field experiments were carried out in El Rawashed valley (Maged 

valley), West Marsa Matrouh; Matrouh Governorate, Egypt. The 

experimental site was located at latitude of 31° 20' 05" N and longitude of 

27° 06' 53" E. The idea was depending on putting the grass seeds into the 

soil by soil preparation and conserve rain water under sloping lands in 

arid and semi arid conditions. Tests were carried out on a simple 

manually hand-pushed rolling planting unit as shown in figure (1). The 

soil of the experimental farm was classified as sandy loam (77.12 % sand, 
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11.28 % silt and 11.60 % clay). Particle size distribution of soil was 

determined according to Kulte, (1986).  

 
Key of  figure 1  

1. Handle , 2. Seed hopper, 3. Metering disc, 4. Wheel , 5. Drive/transport 

wheel, 6. Strokes,7. Furrow opener, 8. Seed tube, 9. Pressing wheel and 

10. Axle. 

 

 
Fig. (1): Manually operated planting unit 

Experimental procedure: 

The experiments aimed to compare the effect of manually operated 

planting unit and hand labor planting treatments on water retention and 
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seeds distribution as well as seed germination and yield of Rhodes grass 

(Chloris gayana) which was planted through the second week of 

November 2014. Field experiments were conducted at different land 

slopes of 4.8, 6.6, 8.6 and 10.4% (2° 52' 08"", 3° 57' 06"", 5° 09' 06"" and 

6° 14' 04""). Land slope was measured by using a digital clinometer. The 

digital display gives a reading that shown as a percent and degrees, or as a 

digital bubble.  

Description of the planter: 

The simple manually operated planter unit (figure1) was consisted of: 

handles, feed hopper, metering disc, transported wheel, furrow opening, 

seed tube and furrow covering device. 

1- Handles: The handles were of two mild steel pipes of 1.7 cm internal 

diameter and 125 cm length for each.  

2- Feed hopper:- There is one feed hopper made of mild steel, having a 

prismatic cross section. The capacity of the hopper is 12690 cm
3
. The 

dimension of the hopper is 30cm x 16.2cm for upper area, 30cm x 12cm 

for lower area and 30cm height, with 2.5kg seed capacity of 

Rhodes grass. 

 3- Metering disc:- The metering disc was made of mild steel with 

cylindrical cells. The dimensions of the cells are 6 mm diameter and 10 

mm deep. These dimensions allow for 5- 10 seeds can be accommodated 

if they are oriented on the major axis. 

4- Transport wheels: The transport wheels are made of mild steel. The 

right wheel has a horizontal plate that bears the key that slide the 

precision metering mechanism. The diameter of the wheel is 35 cm. The 

circumference of the wheel is designed to enable the planter discharge 

three times in one revolution of the wheels. 

5- Furrow opening device: The two fixed furrow openers were 45 mm 

mild steel (angle bar) with a length of 130 mm. The angle bar iron was 

fabricated to shoe type like structure to facilitate an easy cut through the 

soil and to collect more rain water when dropped to improve soil water 

retention, and operated at average walking speed of (2.16 km/h). The 

distance between the furrow openers was 10 cm. 

6- Seed tube: The two seed tubes were made of plastic hollow pipe of 1.5 

cm diameter and 60 cm length. Seeds picked from the hoppers pass 
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through the hole at the metering mechanism to the seed tube which 

deposits the seeds into the opened furrow. The distance between the seed 

tubes was 10 cm. 

7- Furrow covering device: The furrow covering device was made of 

two pressing wheels of diameter 12 cm. It was fastened with nut and bolt 

to the frame through a hole drilled on the frame.  

The planter length was about 150 cm and the net weight was 22 kg. The 

experimental unit area was 10 m
2 

(1.0 x 10 m) and the total projected area 

was 240 m
2
. The experiments consisted of 4 land slope treatments 

combined between the manually operated planting unit and hand labor 

planting under four slopes (4.8, 6.6, 8.6 and 10.4 %) as illustrated in table 

(1): 

Table (1): Applied treatments of the field experiments. 

Treatments 
Type of 

planting 
Land Slope (%) 

A 

Planting unit  

4.8 

B 6.6 

C 8.6 

D 10.4 

E 

Hand labor 

planting 

4.8 

F 6.6 

G 8.6 

H 10.4 

Average meteorological measurements of rainfall (mm) for the study area 

were obtained from Matrouh meteorological station through 2014/2015. 

Also the statistical analysis was carried out according to Steel and Torrie 

(1980). 

Laboratory tests: 

Mass of discharged seeds test: The hopper of the manualy operated 

planting unit was loaded with 100g of Rhodes grass seeds. The planting 

unit was held to free the drive wheels were removed. A paint mark was 

made on each of the drive wheels to serve as reference points to count the 

number of revolutions when turned; and a plastic bag was placed on each 

of the discharge spouts to collect the seeds discharged. The drive wheels 
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were rotated 50 times at low speed of 2.16 km/h as would be obtained on 

the field. A stop clock was used to measure the time taken to complete the 

revolutions. The seeds in each bag were weighed on a balance and the 

procedure was repeated five times. 

Damage Test: The test of seed damaged percentage was done with the 

machine held in a similar position to that described in calibration, but 

500g of seeds were loaded into each hopper. The wheels were rotated 

twenty times in turns and the time taken to complete the revolution was 

recorded by stop watch.  

Uniformity of Seed Spacing: After seed germination by two weeks, the 

distances between successive seedlings within the row were determined 

for the planted land using a measuring tape. 

Field tests:  

Field Efficiency (%) and Field capacity (ha/h) 

The field capacity was determined by measuring the effective width of the 

machine using a measuring tape and the forward constant speed of 

planting operation. Investigation into the field efficiency and machine 

field capacity of the manually operated planting unit involved continuous 

observation and timing of each activity involved in the planting operation. 

The field efficiency and field capacity were therefore evaluated from 

equations by kepner et al, (1978): 

Field efficiency (%)= (Time for actual planting operation / Total time taken) x 100 

Field Capacity (ha/h)= (planting width x Forward speed) /1000 x Field efficiency 

The soil moisture content, (%) 

The soil moisture content, % of the projected trenching area was 

measured at surface soil depth (0–15cm) and determined after 3 days of 

planting as a (1
st
) record and after 40 days as (2

nd
) record after the 

planting date for each treatment, using the oven dry method. 

 Seed germination and yield. 

Seed germination, % was determined and yield of two cuts of harvested 

periods after 3 and 6 months of planting Rhodes grass were determined 

for each treatment. Least significant difference (LSD) test was used for 

the comparison among treatments means, Steel and Torrie (1980).  
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CUSSIONRESULTS AND DIS 

Average rainfall measurements for  the studied area. 

The results in figure (2) showed the average rainfall (mm) for projected 

area.  

0

5

10

15

20

25

30

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Months

P
re

c
ip

it
a
ti

o
n

 (
m

m
)

0

1

2

3

4

5

6

7

8

A
v
e
rg

e
 r

a
in

fa
ll

 d
a
y
s
 (

d
a
y
)

Precipitation (mm)

Average rainfall days

 
Fig. (2): The average rainfall (mm) for Marsa Matrouh 2014/2015. 

 

The rainy season starting from September until the first of May, the other 

months gave none rainy periods. The highest average precipitation was 

observed in December by 42 mm , while the lowest average precipitation 

was observed in June, July and August. 

 

Results of laboratory tests on manually operated planting unit: 

Table (2) reveals the results obtained from the calibration of the manually 

operated planting unit. It can be found that the average mass of seeds 

discharged from the hopper was 4.14 gm. This value was within the range 

of ±7% recommended for optimum inter furrow variation by Mehta et al 

(1995). This was satisfactory performance and the design was such that 

the number of seeds metered out could be regulated by using adjustable 

metering device. 

 

Table (2): Laboratory calibration of the manually operated planting unit  

Calibration of the manually operating planting unit 
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Replications Mass of discharged seeds (gm) 
Speed 

(rpm) 

1 3.98 27.8 

2 4.03 28 

3 4.12 28.6 

4 4.21 28.8 

5 4.35 29.1 

Total Rate 20.69 142.3 

Mean 4.138 28.46 

 

Table (3) shows the total average percentage of seed damage occurred 

during operation. It is observable that the average damage percentage was 

2.66%. The impressively low average value of seed damage percentage 

was probably due to the low speed at which the manually operated 

planting unit wheels were rotated during the laboratory tests.  

 

Table (3): Percentage of seed damage during operation 

Percentage of seed damage during operation 

Replications 

Speed 

(rpm) 

No. of 

discharged 

seeds 

No. of 

seeds 

damaged 

Damage 

percentage 

(%) 
1 28.8 66 0 0 

2 30.4 71 0 0 

3 32.5 74 1 1.35 

4 33.4 75 1 1.33 

5 35.7 77 2 2.59 

6 36.4 77 3 3.89 

7 37.5 78 3 3.84 

8 38.9 79 3 3.79 

9 39.2 81 4 4.9 

10 40.2 82 4 4.87 

Mean 35.3 76 2.1 2.66 

Table (4) presents plant spacing measured in the laboratory and on the 

field determined after germination (2 weeks after planting). In the test 

conducted in the laboratory, the average seed spacing was 2.78 cm while 

in the field, the spacing obtained was lower with value of 2.74 cm. the 

result of laboratory and field test shows uniformity in the plant spacing 

and equally gave close spacing to 2.8 cm. However, the slight 
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discrepancies in the results may be due to seed clogging and other 

operational factors.  

Table (4): Laboratory and field determination for uniformity of seed spacing in row 

Laboratory and field determination for uniformity of seed spacing in row 

Replications 
Time 
(sec) 

Speed 
(m/sec) 

Laboratory 
spacing (cm) 

Field 
spacing (cm) 

1 30 0.6 2.6 2.7 

2 30 0.6 2.8 2.8 

3 30 0.6 2.8 2.7 

4 30 0.6 2.8 2.7 

5 30 0.6 2.9 2.8 

Mean 30 0.6 2.78 2.74 

Results of field test on manually operated planting unit: 

Table (5) reveals the field efficiency and field capacity of the manually 

operated planting unit obtained from the field test. From the result, the 

field efficiency of the machine is 71.71% which implies good 

performance and fall within the range of values obtained by kepner et al 

(1978), the result of the field capacity according to the table showed 

average value of 0.260 ha/h. 

Table (5): Field efficiency and effective field capacity of the manually 

operated planting unit. 

Field Efficiency and Effective Field Capacity of the Planter 

Activity Time /ha (min) 

Turning at field end 12.4 

stones removal 20.56 

Removal of seed tube clogs 11.05 

Filling the seed hopper 11.18 

Setting/adjustment 10.3 

Actual planting 145 

Total time 210.49 

Field efficiency (%) 71.71 

Effective field capacity (ha/hr) 0.26 

Effect of  land slope on soil moisture content under different planting 

methods of the projected area. 

The comparative effect of the planting methods on soil moisture content 

values of cultivated soil depth elucidated that manually operated planting 

unit had the highest soil moisture content values during growth season as 

shown in fig (3).  The comparative effect of land slope on the soil 
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moisture content values of cultivated soil depth during growth season 

revealed that 4.8% land slope had the highest soil moisture content values 

and ranked as 4.8% > 6.6% > 8.6% > 10.4%, that’s attributed to the less 

runoff for the 4.8% land slope as compared to the other studied land 

slopes. Also, the obtained results indicated that soil moisture content 

values after 40 days of the planting date of Rhodes grass was higher than 

that obtained at the first record after 3 days under studied treatments.  

Manually operated planter unit
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Hand labor planting
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Fig. (2): Soil moisture content (Y) after 3 and 40 days for different slopes (X). 

This trend could be due to the ability of soil trenching of the manually 

operated planting unit to conserve and keep water from rains, and also the 

continuity of rainfalls during 40 days from planting days during the 

growth season. Under studied treatments, the highest value of soil water 

content was 25.53 and 36.26 % for the manually operated planting unit 

under 4.8% land slope treatment at the first record after 3 days and after 
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40 days of the planting date, the same trend was similar to Hilary and 

Gary (1995), Nadia and Paiva (2007). 

The effect of planting methods and land slope on seed germination 

percentage and biological yield.  

The effect of planting methods and land slopes on seed germination 

values revealed that the manually operated planting unit had the highest 

values as shown in table (6).  

 

Table (6): The effect of the planting methods and land slope on seed 

germination percentage and biological yield.  

Treatment Seed Germination (%) Biological Yield (Mg/ha) 

A 98.8 92.447 

B 95.0 84.792 

C 93.7 81.733 

D 93.4 76.528 

E 90.3 63.671 

F 85.4 63.059 

G 85.4 57.550 

H 81.0 48.059 

LSD 0.05 2.92 1.608 

 

The seed germination percentage values of Rhodes grass showed that the 

land slope of 4.8% had the highest values and ranked as 4.8% > 6.6%> 

8.6% > 10.4%. The obtained results in table (6) revealed that the seed 

germination percentage values ranged between 90.3 to 98.8 %, 85.4 to 

95.0 %, 85.4 to 93.7% and 81.0 to 93.4% for 4.8, 6.6, 8.6 and 10.4 % land 

slope for both cultivation methods and land slope treatments, respectively. 

The seed germination values were appeared significantly affect with 

LSD0.5 values was 2.92.  On the other hand, the effect of planting 

methods and land slopes on yield values for 2 harvested times, revealed 

that the manually operated planting unit had the highest values as 

compared with hand labor planting.  The total biological yield values 

under different treatments were demonstrated significant effect as 

clarified in table (6). The obtained results showed that the land slope of 

4.8% had the highest yield values. The effect of land slopes on the yield 

values were ranked as 4.8> 6.6> 8.6 and > 10.4 %. The obtained results 
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revealed that the total biological yield values varied between 63.671 to 

92.447 Mg/ha, 63.059 to 84.792 Mg/ha, 57.550 to 81.733 Mg/ha and 

48.059 to 76.528 Mg/ha under land slopes of 4.8, 6.6, 8.6 and 10.4 %, 

respectively. Furthermore, the total biological yield values appeared 

significant effect with LSD0.5 value of 1.608 Mg/ha . Under the studied 

treatments, the obtained results in table (6) showed that the highest 

biological yield value was 92.447 Mg/ha by using the manually operated 

planting unit with land slope of 4.8%. This might be due to the effect of 

conserving more moisture on the soil profile which could be considered 

suitable to the optimum levels of growth as compared to the other 

planting methods consequently, seedling emergence, vegetation growth 

and crop yield were relatively high. At the same treatments, the lowest 

biological yield value was 48.059 Mg/ha and found by using hand labor 

planting method with land slope of 10.4% treatment. 

 CONCLUSION  

A simply manually operated planting unit was evaluated to cultivate 

Rhodes grass on sloping lands by operating the seeds directly into the 

soil. Two different criteria of planting methods were used as manually 

operated planting unit and hand labor planting for evaluating soil 

moisture content, field capacity, seed germination and yield. The soil 

moisture content values of cultivated soil depth elucidated that the 

manually operated planting unit had the highest soil moisture content 

values during growth season and can be ranked as 4.8% > 6.6% > 8.6% > 

10.4% land slopes. This result might be attributed to the 4.8% land slope 

make the soil surface stable, consequently less runoff and more water 

collection from rainfall was achieved. Also, the soil moisture content 

values after 40 days from planting of Rhodes grass was higher than that 

after 3 days. This trend could be attributed to the ability of soil to 

conserve and keep water, and also the duration of rainfalls during 40 days 

from planting through the growth season. The highest value of soil water 

content was 25.53 and 36.26 % for manually operated planting unit under 

4.8% land slope treatment after 3 days and after 40 days of the planting 

date, respectively. Concerning the field capacity, the obtained data 

showed that the maximum field capacity value was 0.52 ha/h for the 
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manually operated planting unit under land slope of 4.8%, while, the 

minimum value was 0.20 ha/h for hand labor planting method under land 

slope of 10.4%. The satisfactory results of the manually operated planting 

unit was attributed to its maneuverability and also more soil stability for 

the land slope of 4.8% as compared to the other land slopes, which 

facilitate the planting operation. Seed germination values revealed that the 

manually operated planting unit had the highest values as compared with 

hand labor planting method. This trend might be attributed to the usage of 

manually operated planting unit increased the soil moisture content 

through the growing season. Also, the seed germination values showed 

that the land slope of 4.8% had the highest values and ranked as 4.8% > 

6.6%> 8.6% > 10.4%. The obtained results revealed that, seed 

germination percentage values ranged between 90.3 to 98.8 %, 85.4 to 

95.0 %, 85.4 to 93.7% and 81.0 to 93.4% for 4.8, 6.6, 8.6 and 10.4 % land 

slope, respectively. On the other hand, the yield values revealed that the 

manually operated planting unit had the highest record. that’s due to the 

ability to collect and conserve more moisture through the soil profile 

during growing season. Also, the land slope of 4.8% had the highest yield 

values. The highest biological yield value was 92.447 Mg/ha by using 

manually operated planting unit with land slope of 4.8%. This might be 

due to the effect of conserving more moisture on the soil profile which 

could be considered suitable to the optimum levels of growth 

consequently, seedling emergence, vegetation growth and crop yield were 

relatively high. At the same treatments, the lowest biological yield value 

was 48.059 Mg/ha by using hand labor planting method with  land slope 

of 10.4% treatment.  
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 الولخص العربي

 تناسب الاراضى الونحدرة تدار يدويا زراعة بسيطة وحدةتقيين 

*إسلام هحود هنير خاطر
 

كرزج حشُشح رودص وذعرًد انف تأطهىب اندفع انُدوٌ نشراعح نثاخ وحدج سراعح ذعًم قُُى أداءذى ذ

ترح رطىترح انرزنحفاظ عهرً تغزض ا  أخدود إحدازوضع تذور انعشة فٍ انرزتح عن طزَق عهً 

فرٍ  % 8..4و  4.6،  6.6،  8.4 عند يُىللأراضٍ انًنحدرج ا فٍيُاه الأيطار  فع وذجًُعوح

وحردج سراعرح غرزب يزطرً يطرزوح  حُرس ذرى اطرر داو  -انزواشرد وادٌتًنطقح انظزوف انجافح 

درُى  ذقردَز وعنرد وسراعرها ويقارنرح لنرب تانشراعرح انُدوَرح عداد يزدد انثذور تظُطح ذدار تانُد لإ

فقررد ذحقررق اعهررً دًُررح نهزطىتررح خررول يىطررى اننًررى عنررد اطررر داو وحرردج ي رطىتررح انرزتررح يحرررى

خرول يىطرى اننًرى  عند كم نظرة اننحردار انً رهفرح انشراعح انًثظطح تانًقارنح تانشراعح انُدوَح

 إنثاخ انثذور أعهً انقُى ننظثح د وحدج انشراعح انرً ذدار تانُدحقق كًا٪.  8.4 نطًُا عند يُىلو

عنرد نفرض انًُرم تُنًرا  انشراعرح انُدوَرحتانًقارنح يع  %84.4% تًقدار 8.4وخاصح عند انًُىل 

% يررع اطررر داو انشراعررح انُدوَررح عنررد يُررىل ..44 كانررد ادررم انقررُى ننظررثح انثرراخ انثررذور تًقرردار 

عنرد  لنربو هكررار/  يُجاجزاو 89.884انقُى فٍ الإنراجُح تًقدار أعهً  كاندو % 8..4انرض 

 58..84 نهًحصرىل، وكاند أدرم دًُرح يع اطر داو وحدج انشراعح انًثظطح٪ 8.4 الأرض يُىل

  .يع اطر داو انشراعح انُدوَح ٪8..4 يُىل الأرض يا كاندعند هكرار/  يُجاجزاو

 .هصر -القاهرة -هركس بحوث الصحراء -قسن صيانة الاراضى*


