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ABSTRACT

An experiment was conducted for two growing seasons at the Experimental
Farm of Faculty of Agriculture, Ain Shams University (loamy clay sail}, to study the
effect of different irrigation systems on some physical-engineering properties of zea
maize. Sprinkler, pivol, surface and subsurface drip and modified surface {gated
pipes} irrigation systemns were sefected for this study,

Data revealed ihat the ear and kernel dimensions, length and width of kernel
were hetter when using sub-surface drip than those under other irrigation systems,
while the kernel thickness was not affected significantly due to different irrigation
systems. Geometry diameler and spherecity, which may be considerad the main
criteria for grain separation and sieving operations, show significant effect with
different irrigation syslems. Ear weight, hectoliter weight of kemels, seed index and
kernel coefficient were affected significantly with different irrigation systems or other
agricu'tural | practices lesled at the site. These properties are quite importani
characteristics concerning kernel storage, aeration and drying. Moisture content of
kerne! and ear, as the grain storage quality pacameter was higher under sprinkler
irrigation system than lhat under the other irrigation systems.

Angle of repose, coefficient of friction, shelling energy, broken percent,
bruised percentage and germination ol kernels were affected significantly with
different irrigation systemns, while shelling efficiency was not affected significantly
with different irrigation systems. On the other hand, the maximum energy required
for kernels sheliing was 0,85 Joule when using sprinkler irrigation system, while the
minimum energy required for kemnels shelling was 0.65 Joule under pivot irrigation
system.

The lowest value of kemels visible damaged was 4% when using pivot
irrigalion systems, while the highest value was 13 % sprinkler under irrgation
system. On the other hand, the lowest value of kemeis invisible damaged was 23%
when using pivot irrigation systemns, while the highesl value was 37% under sprinkler
and drip surface or subsurface irrigation systems.

INTRODUCTION

Maize is considered the third cereal crop in the world-wide scale. In
Egypt, maize crop represents a vital source of daily human food. However, it
plays a vital role in animal feeding. The cultivated area of maize crop in
1997 amounted to 1,938 million feddans according to Agricultural Extension
Issue, (1598).

The physical and mechanical properties must be studied forthe
plants, ears and Kernels of maize crop to increase both kerneis quality and
quantity, where these properties are considered as a good pointer for
designing the agricultural machinery such as: planters, harvesters, grain



El - Gindy , A.M. ot al.

¢leaning, grading machines, grain drying, shellers, storage equipment,
crushing and milling machines,

Rinke (1953) pointed out that mechanical damage to seed is
considered one the principle factors affecting cold testing results for
germinations. Bilanski(1966) measured the load and energy required to
initiate fractures in corn kernels under gradually increasing load. Stewart et
al. (1969} found that static and dynamic coefficients of friction of corn grain
on surfaces of metal and concrete increased by increasing the moisture
content of grain but if the maisture centent of grain increased than 13%, the
fmchion cuefficients were decreased Mohsenin{1970) studied that in centain
zpoitcations where both shape and size affect the process, the relationshies
can ce expressed by a single, two dimensional system as follows: | = f {sh,
s where "I 1s an index influenced by bath shape “sh™ and size *s”. In other
apolications, the index “1" may be & function of nol only shape and size but
also of other parameters as orientation “o", packing *g”, firmness “f" . efc,
as foilows: | = f (sh, s,¢ p F ..} Chakraverty {1872) reporied that the
physical properiies such as shape, size, volume. surface area, density.
color, porosity, efe. for diferent grains are important in designing difterent
systems of threshing, handling, soriing and drying. He aiso added that the
angle of repose and the friction characters for seeds are important in
selecting and designing the shapes of hoppers, grain conveying equipment,
storage bins and grain pumping equipment. FAO (1981) classified seeds
properties into two group; 1)-Internal properties (varieties-purity of cultivated
varieties—viability and germination power—growth vigor), and 2)-External
properties (natural purity-volumetric grading, specific gravity-rmoisture
content). Hunt (1976) stated that the shelling of corn kernels from the cobs
is significantly affected by cob moisture. In this direction he found a linear
relationship between the amount of kernels left on the cob and the cob
moisture content for a picker-sheiler using the cylinder. Herum and Blasidell
{1981) found that breakage susceptibility increased greatly as moisture
content of kernels decreased from 14 to 12%. Klenin et a/.(1985) stated that
the strength of the bond between kernels and the cob depends upon the
type and.variety of crop. its ripening and moisture ¢ontent. Yaklish et
al{1984 and 1988) indicated that there are three types of mechanical injury
which are easily identified by Tetrazclium test {TZ), cracks, splits and
bruises. The later is typically identified by the presence of dark red speckles.
It is very common for an inexperienced analyst ¢ mistake the pit fora
mechani¢al injury. The pit is composed of a group of specialized celis on the
abaxial surface of the cotyledons in direct ¢pposition o the seed coat ant
pit, and an enlarged layer of cells on the veniral surface of the seed coat.
Buyanov and Voronyuk (1985) stated that practical use of the physical and
mechanical properties of plants helps planners to determine the size of
machines and develop schemes for technological processes, select more
appropriate structural materials and improve the strength of individual
subassemblies and paris of agricuitural machinery. Sitkei (1986) reporied
that the shapes of the varicus seeds are generaily irregular, and so a very
great number of measurement data would be needed to describe them
accurately. However, practical measurements show that the various shapes

4340



J. Agric. Sci. Mansoura Univ., 28 (6}, June, 2003

may generally be characterized well by specifying purposely-selected
orthogonal axes. The seeds are usually characterized by their length, width
and thickness. The dimensions of agricultural products are not uniform, but
scatter around a mean value. Therefore, it is necessary to determine the
distribution of individuatl sizes and the mean size on the basis of this
distribution. El-Raie, ef al.{ 1996) said that in recent years, there has been a
general recognition of the need to determine the physical and mechanical
characteristics of seeds. This is due to many problems that have been
caused the developed mechanization and the application of engineering
principles to agricultural production, processing, handling and automation.
The properties of these agricultural products must be described in concise
engineering terms which an engineer can utilize effectively in the design of
the specific machine and its operation or in the analysis of the behavior of
the product in handling of the material.

The main objective of this work is to study the effect of different
irrigation systems on some physical and mechanical characteristics and
quality of maize crop.

MATERIALS AND METHQDS

Grain material:

Maize grains {single cross No.10) was submitted from Gene
Bank, Agriculture Research Center, Giza and used in this investigation.
Normal cultivation practices were followed during 1998 and 1999 growing
seasons in the Experimental Farm of the Faculty of Agriculture, Ain Shams
University, at El-Kanater {loamy clay soil). Maize was cultivated under
different irrigation systems are: Surface and subsurface drip irrigation (GR-
drip lines, 8lph/m length at 1.0 bar operating pressure), solid setspnnkler
irrigation (sprinkler had two nozzles (3 and 5mm diameter) and 1.5mh
discharge at 2.5 bar operating pressure) center pivot sprinkler irrigation{one
span with length of 48m and 10m *h discharge at 3.0 bar operating pressure),
and modified surface irrigation by using gated plpes(The gates were fixed on
6" aluminum pipes and the gate discharge of 4.0m’/h). Irrigation water was
calculated from the following equation, (FAQO, 1991):

IR=({Etox ke XA/E,) +L.R) |
Where;

LR =Irrigation water requirements, m/fed/interval,

Ety =Reference evapotranspiration, mm/day,

K. =Crop coefficient, dimensionless (Doorenbos and Pruit, 1977),

A =Area irrigated, fed,

E., =application efficiency, %,

L.R =Leaching requirements, 10% of L.R, and

[ =Time interval, days.

irrigation water was applied for each irrigation system as shown in

Table {1}.
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2-Kernel moisture content:
The moisture content of maize kernels was determined by

using a sample of 20 grams whole kerpels after being placed n forced
cohveclion oven set at 105°C for 24 hours.
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3-Weight of ear and seed index:
The weight of ear and 100 kernels were recorded.

4-Shelling percent:

The shelling percent of maize was calculated by using the following
equation:

Shelling percent =100 ker nels weight , g
ear weight , g
5-Hectoliter weight of kernels:

The hectoliter weight of kernels was measured by weighting one liter
of kernels.

g-Kernel coefficient:

The kernel coefficient “C" was calculated from the following
equation (Stanve and Baeve, 1970):

C =W - MHN/V
Where:
C= kernel coefficient, gmicm®,
W= weight of 100 kernels, g,
M= kernel moisture content, %, ard
V= huik volume of kernel, cm”.

B-Some mechanical properties of maize kernels:
1-Shelling energy:

The apparatus shown in Fig.(Z) was designed and manufactured in
Agric. Eng. Dept.,, Faculty of Agriculture, Ain Shams University and used for
measuring the maximum force required to separate the kernel from the cob.
To calculate the shelling energy of kernel the following relation was used:

Shelling energy =F*L (J)
Where:

F= registered force reading, N, and .
L= kernel length, m.

2-Static coefficient friction;

The friction coefficient “u” of kernels sampie (100g) was determined
by measuring the tangent of the angle “a” at which the kernels sample
starts to slide down the slope on steel surface as shown in Fig. 3, to
calcutate the coefficient of friction the following equation was used:

u=tan a
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3-Natural angle of repose:
The device shown in Fig.(4) was used for measuring the dynamic

natural angle of repose ““. of kerneis sampie placed in a box, flow through
an open in its base, whereby a funnel shaped surface is formed in the box
and a conical surface underneath. The angles of these surfaces enclosed
with the horizontai give the dynamic natural angle of repose.

4.Kernel hardness:

Kernel hardness was determined by using an apparatus, which was
designed and manufactured to measure the compressive stress required to
fracture the kernel. The construction and dimensions are shown in Fig. 5, to
calculate the kernel hardness the following equation was uzeg;

: registered force (N

Kernel hardness ,N/mm ;
coniact area ,mm
5-Shelling efficiency:
The shelling efficiency was determined by using the following equation:
Shelling efficiency,% = 100[W, (W, + W,)]
Where:
W,= Weight of separated kernels, g ,and
Wyo= Weight of non-separated kernels, g.

6-Broken kernels percentage:
The broken kernels percentage was determined by using the
following equation:

_ Broken ker nels % =100 (W, /W)

Where:
W= Weight of damaged kernels, g.

T-Bruised kernels percentage:-
The bruised kernels was evaluated by TZ test {Tetrazalivm test) and
calculated by using the following equation:

Bruiseckernels % =10 { Nunberof co unted;rwseakemels]

total strainedkernels

8-Visual germlnation percentage:

Samples of 100 kernels each in four replications were germinated on
paper in 12.5 cm pettri dish and incubated at 20°C for a period of 7 days
(ISTA, 1996). Only unbroken kernels were used in this test after discarding
the broken kermels, which one considered as an inert matter. Visual
germination was caiculated as follows:
numberof germinaredkernels]

Visualgermination% = 10
' total numberkernels
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The. data were exposed to proper statistical analysis of the variance
of completely randomized design, and L.S.D. test was used for comparison
between means {Snedecor, 1956).

RESULTS AND DISCUSSION

1-Effect of irrigation systems on plant height, stem diameter and leaf
area:

Data presented in Fig.{6) showed that the irrigation systems had no
significant effect on plant height, whereas, the maximum plant height was
327cm when using subsurface drip irrigation system while, the minimum
plant height was 284cm under pivct irrigation system. On the other hand, it
could be noticed that the irrigation systems had a significant effect on both
stem diametfer and leaf area. The biggest values of both stem diameter and
leaf area were 3.28cm and 1130cm? were obtained by using subsurface drip
irrigation, while the smallest values were 2.95cm and 1035cm? for stem
diameter and leaf area respectively were obtained under pivot irrigation
system as shown in Figs.(7 and 8).

2-Effect of irrigation systems on some physical properties of maize
€ars.
A-Main dimensions of ear:

Data presented in Figs. {8, 10 and 11) indicated that the irrigation
systems had a significant effect on the main dimensions of ears (length and
diameter), but the ratio of ear length to diameter was not affected
significantly with irrigation systems. The greatest main dimensions of ears
were obtained when using subsurface drip irrigation system (20.2cm length,
and 4.8cm diameter), while the smallest main dimensions of ears were
obtained by using pivot imigation system (17.8¢m length, and 4.2cm
diameter). Decrease of the main dimensions of ears under pivot irrigation
system may be due to high water loosing by the evaporation and air
drafting.

B-Ear weight:

Data presented in Fig.(12) showed that the irrigation systems had a
significant effect on the ears weight. The greatest weight of ears was 226.7g
by using subsurface drip irrigation system, while the lowest weight of ears
was 202g by using pivolirrigation system. This may be due to the increase
in the lost water by evaporation and air drafting under pivot irrigation
system.

C-Moisture content of ear:

Data are presented in Fig.{13) indicated that the irrigation systems
had a significant effect on the moisture content of ears.
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The highest moisture content was 20.7% under sprinkler irrigation
system followed by subsurface drip irrigation (18.6%) then modified surface
irrigation (17.3%) and surface drip irrigation {16.6%), while the lowest
maisture content was 14.7% under pivot irrigation system

D-Shelling percentage:

Data presented in Fig.(14) showed that the differences in shelling
percentage belween the irrigation treatments were not significant. The
maximum percentage of shelling was 83.2% under subsurface drip
irrigation, while the minimum percentage of shelling was 80.4% under
sprinkler or pivol irrigation systems.

3-Effect of irrigation systems on some engineering propertles of maize
kernels:

3-1-Physical properties of kernels:

A- Main dimensions of kernels:

Data are presented in Figs.(15, 16 and 17) indicated that the
irigation systems had a significant effect on both kernel length and width,
while, it had no significant effect on kerriel thickness. The greatest length
and width of kernel were 106 and 8.5mm respectively when using
subsurface drip irrigation system, while, the smallest dimensions were
9.1mm length and 7.9mm width by using pivot irrigation system. On the
other hand, the kernel thickness for all irrigation systems ranged between
3.8 to 4.0mm. Increase of kernel length and width by using subsurface drip
irrigation system may be due to high amount of water in the roof zone, less
evaporation loss and no leaching the nutrients by run-off and deep
percolation.

B-Geometry diameter and kernel volume:

Data presented in Figs.{(18 and 19) showed that the biggest values
of bath geometry diameter and volume of kernel were 7.0mm and 171mm?
respectiveiy by using subsurface drip irrigation, while, the smallest values
were 6.5mm, and 137mm® for geometry diameter and kernel volume
respectively under pivot irrigation system. Increase in both the geometry
diameter and volume of kemel under subsurface drip irrigation system
may be due o the increase in the main dimensions of kernel as discussed
before.

C-Kernel sphericity, seed index and moisture ¢content:

Data presented in Figs.(20, 21 and 22) indicated that the irrigation
systems had a significant effect on sphericity, seed index and moisture
content of kemel. The highest value of sphericity was 71.3% under pivot
irrigation systern while, the lowest value of sphericity was 66% under both
subsurface drip and modified surface irrigation systems. High sphericity of
kerne! under pivot irrigation system may be due to the decrease in the
kerngl dimensions compared with the other irrigation systems as discussed
before.
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Also, it could be seen that the highest seed index was 40g under
subsurface drip irrigation system while, the lowest seed index was 34.2 by
using modified surface irrigation system. This may be attributed to the
increase the available water in the root zcne under subsurface drip irrigation
system and consequently increasing the nutrients uptake and translocation
of synthesisate materials to kernels. On the other hand, it could be noticed
that the highest moisture content of kemel was 19.7% under sprinkler
irrigation system followed by subsurface drip irrigation {16.5%) then
modified surface irrigation (14.4%), while the lowest moisture content was
11.4% by using pivot irngation system. This may be due to the drop in the
irrigation water on the maize ears under sprinkler irrigation system and
spread through ear covers and therefore increase the kernels moisture.

D-Hectoliter weight and kernel coefficient:

Cata presented in Fig.(23) showed that the maximum hectoliter
weight was 760gm/l under pivot irrigation system, while the minimum
hectoliter weight was 720gm/l under subsurface drip irngation system. This
may be due to the decrease of kernel dimensions under pivot irrigation
system and consequenily decreasing the pares between the kernels and
increasing the number of kernels in one-liter. On the other hand, it could be
seen that the kernel coefficient was affected by the irrigation systems. The
highest kernel coefficient was 24.06gm/cm® when using subsurface drip
irrigation system, while the lowest kernel coefficient was 21.6?gmfcm3 under
modified surface irrigation system as shown in Fig.(24).This may be
attributed to the increase of 100 kernels weight under subsurface drip
irrigation compared with the other irrigation systems.

3-2-Mechanical properties of kernels:
A-Angle of repose and coefficient of friction:

Data presented in Figs.(25 and 26) indicated that the irrigation
systems had a significant effect on both the angle of repose and coefficient
of friction of kernels. The highest angle of repose was 23.2° under pivot
irrigation system, followed by surface drip and sprinkler irrigation systems
(22.7 and 22.6°, respectively), then subsurface drip irrigation system (20.5),
while the towest angle of repose was 20.3% under modified surface irrigation
system The increase in angle of repose may be due to decreasing both the
kernel dimensions and the pores between the kernels. Also, it could be
noticed that the highest coefficient of friction was 0.344 when using, pivot
and modified surface irrigation systems while, the lowest value of coefficient
of friction was 0.306 under sprinkler irrigation system. Increase of coetficient
of friction of kernels may be attributed to the decrease in kernels moisture
content and consequently increasing the surface roughness of kernels.

B-Kernel hardness and shelling energy:

Cata presented in Figs.(27 and 28) showed that the irrigation
systems had a significant effect on both of kernel hardness and shelling
energy.
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Tna lowest kerrel hardness was 129N/mm° when using sorinkler
| caabion system, whie the hghest Keipel hargnass was |73HMm” when
Lo LDt ynaauon svstem. Feduction of kernel rnzidness Lnder sprinkier

sazon gvsiem may o2 ativbured @ he incraase m ne nsture conlent of
parneis amg conseguentv cecraasing e kernel corificient Also, from the
cavgts i Fig (285 B ocoula be seen that the maximam energy required for
kernel shelling was 0 5S8/0ule ny using sprinkier wrigation system followed
v gnip rrigaton systemsi0 83-0.8441 then modified surface irrigation(0 72J1,
whilg the minimum eneray reguired for kernels snelling was .65 Joule
Jnoer oot irndation system  The increase (0 tne enerqy required for kerneis
snehing  under sennkler immgation svstem may De allnbuted o the high bond
weng:h tetwesen the xerreis and cob resuted 0 the nigh moisture content

S T S S I TR G er i s gy
ceani o of v RelD = i L fe o B 10 e G L mie
SIS O T e e Ne
L ETA I PRl QUAT oo i T RTre T ARE )

e AL WnRE T g T, 1 suslar witng s lowast
A I WAS LT e L e ng wpnnkien imgeuon cheiem s may
‘2 oaue (o .ecrease.n the maisture content of Keme s ander ovot rmgaton
cstern compared with e otoer irmaaben svstems and trerefore, tne bond
~tranath between  lhe lernels znd 2o became very wegk  Alsg, data
Justrated n Figs 130 ana o1y indiested that che rrgation svslems bad a
synficant effect ¢n toth ine wisiole and invisibie damaged of kerneis The
borest percent of broken kerneisiwsmie tamaged) wat 13% oy using
CUIRED A0 Sysiart wihge oA 0 sioei OF Groken einels wias rangad
seveer 4-0%  Lirder the Gloe s rQalicn 2.81ems Tt ingy e adnburea io

4
P miisidre cotdent of Kerneis gnder soripKier rringlion sesiem comgared
e othar yrastion seerme O taaohel tane L ooule ne nonced 118t

Yo parcent ot invisiple  damagsd o karmes Loogl oaferant iengahion
3,0fems was A hiah, whereds, 2 maainn vaide of VIoie damanac of
remess was 37% under serinkler surtace drio ang suosurface dnp ingaiion
swaremns, folowed by modtied sarface mpgation(30%), while the mimimum
value was 23% under pivot irnigation svstern. This may be due to low the ear
dimension under pivot rrigation  svstern compared the other imgation
systems.

5-Effect of irrigation system on the visual germination of kernels:

Cata wustrated in Fig (32) showed that tne highest percent of
kernels germination was 57% when using pwvat irfigation system fallowed by
surface drip and modified surface irrigation systems{67%)}, while the lowest
percent of germination was 53% under sprinkter irmgation systern. This may
ts due tolow percentage of both the kernels visible and invisipie damaged
under pivol irrigation system compared with the olher imngation systems
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CONCLUSIONS

The conclusion of this research can be summarized as follows:

1-The biggest values of main dimensions of ear were 20,2 cm length and 4.8
cm diameter when using subsurface drip irfgation system while, the
smaillesf values were 17.8 cm length, and 4.2 cm diameter by using pivot
irrigation system.

2-The highest maisture content of ears was 20.7% when using sprinkler
irrigation system while, the lowest moisture content was 14.7% under
pivot irrigation system.

3-The irrigation system had a significant effect on kernel fength, kernel width,
geometry diameter of kernel, the kernel volume, and 100 kernel weight,
while it had no significarntly effect on kernel thickness,

4-The angle of repose, coefficient of friction and kernel hardness were
affected significantly due to methods of irrigation while the shelling
efficiency was no affected significantly by using the different irrigation
methods.

5-The maximum energy required for kernels shelling was 0.85Joule when
using sprinkler irrigation system, followed by drip irrigation system
(0.84Joule), whiie the minimum energy required for kernels shelling was
0.65 Joule under pivot irrigation system.

6- The highest percent of broken kernels (visible damaged} was 13% by
using sprinkler irrigation system, while the percent of broken kernels was
ranged between 4-8% under the other irrigation systems. The maximum
value of invisible damaged of kernels was 37% under sprinkler, surface
drip and subsurface drip irrigation systems, followed by madified surface
irrigation(30%), while the minimum value was 23% under pivat irrigation
system,

7- The highest percent of kernels germination was 87% when using pivot
irrigation” system, white the lowest percant of germination was 53% under
sprinkler irrigation system.
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