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ABSTRACT: Field experiment was carried out at El-Arish region, SWERI-
ARC (2009). The experiment included the following treatments A) water
supply treatments: I, =70% of WR (water requirement), I, =100% of WR and I,
=130% of WR, B} fertilizer treatments involved: control, F, (50% compost =7.5
ton/fed.+50% NPK), F; (100% compost =15 ton/fed.) and F; (full recommended
NPK}. Wheat plants (Triticum aestivum L.) (Winter season) were grown under
these treatments and followed by maize plants (Zea mays L.) (Summer
season) to evaluate the residual effect of such treatments. The available soil
nutrients and plant contents were measured, and yield was recorded.

The restults of the two successive seasons are summarized as followed. The
available P and K, at the wheat tasseling, take the same trend, but if was
contradicted fine with that obtained in the available N. Mineral application
had, of course, higher effect on those of N,P.K, but 100% water jrrigation
gave the less available N,P,K. The root biomass (g/plant) followed the same
trend of shoots, whereas, higher itrigation water gave higher biomass. There
were no differences among the effect of fertilizer treatments. Under all
irrigation levels F, was the highest and control was the lowest effect.
Irrigation levels affect significantly concentration and uptake of N, P and K in
the shoots and roots, otherwise 130% irrigation gave higher N, K
concentration, and 70% gave higher P. All fertilizer treatments increased
N.P.K concentration and uptake more than control. Wheat spike and grain
yield followed the same trend and 100% irrigation level recorded the highest
effect on thein. '
The treatments contain organic had affected on yield parameters more than
control or full mineral fertilizers. F, treatment under 100% then 130%
irrigation levels gave higher grain yield. The recorded maize yield parameters
(cob/ear, grain/ear, grain yield} were significantly increased by using all
fertilizer treatments compared with control. The water use efficiency of wheat
increased gradually in the order I;>I;>l, Composts increased WUE for wheat
and maize at the applied irrigation treatments.

Key words: irrigation management - compost - mineral fertilizers - wheat —
maize.
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INTRODUCTION

Increasing demand for fresh water supply with growing demand for foods,
there is a need to evaluate soil, water and crop as altered by compost and
irrigation. Therefore, researchers, farmers and governments should come
together to studying possible effect of reduced irrigation practices. Zwart
and Bastiaanssen (2004) showed that with a rapidly growing world
population, the pressure on limiting fresh water resources increases.
Irrigation agriculture is the largest water-consuming sector and it faces
competing demands from other sectors, such as the industrial and domestic
sectors. With an increasing population and less water available for
agricultural production, the food security for future generation is at stake, EI-
Hendawy and Schmidhalter (2010} given that water shortages currently
plague almost every country in North Africa and Middle East, insufficient
water supply for irrigation in these regions, even in the short term, will
almost certainly become the norm rather than the exception. Therefore, water
shortage events have gained increasing importance in both the scientific and
political agendas,

Fertilizers and agrochemicals play a very important role in increasing land
productivity and fertility. Although mineral fertilizers can be used to
replenish soil nutrients removed in crop harvests, they are too costly to be
used in large quantities for profitable production in developing countries.
Integrated nutrient supply of inorganic and organic (compost and manures)
sources is of great importance of productivity in intensive cropping system
(Eghball at a/. (2004), Fan et al. (2005), Tawfik (2006), Bhattacharyya ef al.
{2008} and Lakhdar et al. (2009).

The problem of fow productivity of sandy solls may be ascribed not only
arising from the lack of organic matter and available mineral nutrients
especially N, P, and K but also decreasing its ability to reserve water.
However, their application could be also a promising alternative to alleviate
the adverse effects caused by water stress. Fan et ai. (2005) demonstrated
that both wheat and maize yields from the OM treatment were consistently
greater than the N treatment. These results clearly showed a positive impact
of annual application of organic materials such as straw and manure on
these dryland crops. However, it is not clear whether the impact was due to
improved water relatlonships resulting from increased SOM or improved
fertility. Oktem (2008) concluded that despite the reduction of fresh ear vield,
the number of marketable ears at 10% water deficiency (90% Eg..) was still
high and acceptable for sweetcorn production. Ould Ahmed ef al. {2010)
indicated that good water management combined with appropriate soil
management is necessary for sustainable crop production in drylands.

Zwart and Bastiaanssen (2004) reported that the great challenge of the
agricultural sector is to produce more food from less water, which can be
achieved by increasing Crop Water Productivity (WUE). The range of WUE is
very large (wheat, 0.6-1.7 kg m™ and maize, 1.1-2.7 kg m™*) and thus offers
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tremendous opportunities for maintaining or increasing agricultural
production with 20-40% less water rasources. Fan ef al. (2005) showed that
the WUE values for OM+NP treatment was consistently higher than those for
other fertilized treatments (CK, N, NP, OM)}, indicating that the combination of
NP and organic materiais resulted in the most efficient use of water. El-
Hendawy and Schmidhalter (2010} showed that yield variables and WUE
increased with increasing irrigation frequency and rate. Fusheng et al. (2010)
reported that organic N plays a major role in enhancing canopy WUE.

The dependence of crop yields on water supply is a critical issue because
of the increasing limiting water resources for irrigation. Many experiments
have been used to test effects of fertilization on grain yield and its residual
effect but few continuous supplemental irrigation studies are available from
El-Arish region under dryland condition. So, the aims of this study are to: 1)
determine the effect of supplemental irrigation occurring during the growth
season on Yield of field grown wheat and maize irrigated by a drip irrigation
system, 2} evaluate the water use efficiency of wheat and maize in the
dryland region of Egypt. 3) to determine the influence of compost application
alone ore integrated with mineral fertilizers on yield and some morphological
characteristics of wheat and maize under dryland condition.

The study attempts to quantify the optimum nutrient and irrigation
frequency combinations for soil-water and nutrient management which will
address water stress and low soil fertility problem.

MATERIALS AND METHODS

Two field experiments were carried out at in El-Arish research station
{Latitude: 31 05 Longitude: 33 50 Elevation: 30 57) ARC, Ministry of
Agricultural during two successive seasons (2009). First one was in winter
season, which wheat plants were grown under the treatments of irrigation
and compost. The second was In summer season, which maize plants were
grown under the residual effects of the previous treatments.

This study was conducted to determine if supplemental irrigation and solil
amendments can improve growth and vield of wheat plants {Triticum
aestivum L.) followed by maize plants (Zea mays L.) irrigated by drip
irrigation system under studied condition. Irrigation system used was a drip
irrigation system with 50 cm-spaced emitters with flow rate of 4 L/h and three
days irrigation interval.

Wheat grains were drilled on November 15"’, and the crop was harvested
on 5 May, while maize grains were drilled on May 15" and the crop was
harvested on 12 September. The recommended agriculture practices were
done
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The treatments: A} Water supply treatments

Wheat Maize
trrigation Applied water | No.of | Applied water | No. of
treatments quantity irrigation quantity irrigation
(m>ffed.) days (m’ffed.) days
I (70% of WR) 820 34 2418 32
I; (100% of WR) 1172 49 2418 32
ls (130% of WR) 1524 64 2418 32

B) Fertilizer treatments

1) Fq {Control)

2} F, (50% compost = 7.5 ton/fed. + 50% NPK)

3} F2{100% compost = 15 tonffed.)

4} F; {full recommended NPK = 120 kg Nifed. as ammonijum sulfate + 30 kg
P.Og/fed. as super phosphate + 24 kg K;Offed. as potassium sulfate}.

The data of water requirement was calculated by average 8 years of
meteorological parameters using CROPWAT computer model (FAO 1992),
based on calculation using Penman Monteith equation and the Kc values
presented in the program and also illustrated in FAO-56 (Allen ef al. 1998).

The values of water treatments are distributed along the growth season
with different crop growth stages. The amount of water received from rainfall
represents 2, 0.4, 7, 12 and 7 mm for November, December, January,
February and Marsh, respectively (The total= 28.4 mm). The amount of
rainfall is considered every irrigation time. As for summer season, it is
carried out to study the residual effect of the fertilization treatments, with full
water requurement had been applied twice a week.

Three main plots were separated by 2m. The subplot area was (10.5 m%).
The fertilization treatments were added before sowing wheat Under the same
treatmente and without any new additions, malze was planted o svaluats the
residual effect of the previous additions of organic and chemical fertilizers.
Some physical and chemical properties of the used soil and compost are
given in Table (1).

Samples and analyses:

In each plot, four random soil cores were taken and mixed (approximately
0.5 kg of soil} from the 0-15 cm depth at 60 day of sowing wheat. Available
nitrogen was determined by microkjeldahl apparatus (Page et al
1982).Available phosphorus was estimated colourmetrically in 0.5 M NaHCQ,
extract at pH 8.5, according to Watanabe and Olsen (1965). Available K was
extracted with “NHHCO;-DTPA” according to Soltanpour (1985) and
measured by flame-photometrically.
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Table {1): Some properties of the $0ils and compost under study.

Soil Compost
Chemical properties Compost properties
pH 8.1 pH 5.30
EC (dSim) 2.12 EC  (dS/m) 4,50
Na' (mef) 10.38 NH:  (ppm) 6586
K {me/l) 0.37 NOs  {(ppm) 1902
ca®*  (mell) 6.66 oM (%) 22.80
Mg  (mefl) 3.73 oc (%) 13.20
HCOy (mefl) 277 CIN ratio 16.5:1
cr (me) 15.64 TotalN ( %) 0.8
S0s  (mefl) 2.73 Total P {%) 0.47
CaCOs % 22.70 Total K (%} 0.93
Physical properties Ask (%) 77.2
Clay (%) 5.20 Bulk density 0.69
Sit (%) 30.70 {gm/m’) )
Sand (%) 64.10
Soil texture Sandy loam

Portions of dried shoot and root of wheat at 60 day of sowing were dried
at 70C° to a uniform moisture level, weighed, ground and then wet-digested
as described by Chapman and Pratt (1978). The digested aliquot was
analyzed for nitrogen content which defermined by microkjeldahl apparatus
(Cottenie et al. 1982). Phosphorus was determined by ascorbic acid method
(John, 1970) and potassium by flame-photometerically (Cottenie ef al. 1982).
At the end of both seasons the middle two rows of wheat and maize yields
were recorded.

Data were statistically analyzed through analysis of variance (ANOVA) and
least significant difference (LSD) at 0.05 probabiliity ievel was applied. Both
wheai and maize pianied in a spiit-piot design, repiicated three times, with
three irrigation rates as a main plot and fertilization treatments as subplots
{Gomez and Gomez 1984).

RESULTS AND DISCUSSION

1. First experiment (compost application)

A). Available N, P and K (ppm) in soil at wheat tasseling.
Concerning the substantial improvement in available N obtained with the

irrigation treatments in this study, it appears that, the superiority attributed

to |, treatment (Table 2). This increment perhaps due to 1, treatment is more

suitable to decompose the organic compost and protects the N from

leaching. As for effect of fertilization treatment on available N, it decreased
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significantly by the order: F;>F>Fy> F,. This may be refers to importance of
compost as a nitrogen reservoir. The interaction between water application
levels and fertilization treatments was significant. Available N values were
increased by the order F,>F;>F,>F; under | condition, whereas the
increasing frrigation rate (1), N values followed the order F,>F3;=F,>F,. While,
under high irrigation level (I;) available N take a contradict order F;>F>F;>F,.
This means that, increasing water amount tend to rise leaching of mineral
fertilizers and maximize role of compost as a slow release N fertilizer.

Table (2): Soil available N, P, and K {ppm) at wheat tasseling as affected by
irrigation and fertilization treatments.

Fo 36.60 302 191.27

Fy 47.80 4.70 287.40

Iy F.: 57.30 6.20 334.00
F; 50.90 6.50 370.50

Fo 33.50 270 186.60

F, 50.50 3.90 280.50

l2 F. 65.90 5.50 300.00
Fy 50.30 5.90 345.50

Fa 33.80 310 194.5¢

F 586.20 4.50 296.40

Is F2 §1.40 5.87 336.50

F: 47.80 6.40 341.40

Mean P 50.05 ~4.50 278.15
la 49.80 4.97 292.20
Fo 34.63 294 180.79
Fy 51.50 4.37 288.10
Mean
Fa 61.53 5.86 323.50

It is also obvious that available P and K take the same trend. But it was
contradict line with those obtained in available N, whereas |, treatment gave
highest value and I, gave the lowest. In general, P and K availability
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increased in the order of Fy>F,>F>F,. This is true by using all irrigation
treatment and may be contributed to 1) the main source of P and K is minerai
fertilizers, 2) organic matter have a small amount of P, 3) compost need to be
decomposed and balanced with soil in advance and there is no enough time
to allow to complete degradation of compost. Although, the plots received
organic matter reveled that more fertility than control. Similar results over 2
years were observed by Ghosh et al. (2008).

B).Shoot, root biomass (g/plant), shoot/root ratio and N,P,K

concentrations of wheat at tasseling.

The dry weight of wheat shoots at tasseling (g/plant) increased
significantly with increasing irrigation rate L>l,>l, (Table 3) this may be
attributed to the role of water in improving plant cells development.
Irrespective of irrigation rates, fertilization treatments affected significantly
dry weight of shoots. The F, treatment (50% compost+50%NPK) is
considered the best followed by F, (100% compost). While the lowest value
was obtained by F, (control) followed by F. (100% NPK). The interaction
effect of irrigation and fertilization was not significant but it should be noted
that, i; * F, treatment Is the best (11.71 g/plant) and |, * F; treatment is the
lowest (7.17 g/plant).

The root biomass (g/plant) followed the same trend of shoots where was
I>12>1y {Table 3). No significant difference between treatments which received
compost (F; and F;) as well as between control (F,) and mineral fertilization
treatments. This could be due to under control and mineral fertilizers, the
plant is suffering from water and nutrient stress, so it must be expand to gain
it is requires of them. But the treatments which received compost (F, and F;)
no water or nutrients depletion, the dry matter of root was lower than other
treatments. The studies reported by Mandal et al. (2009) enhanced these
results.

Increasing amount of applied water decreased the ratio of shoot/root
(Table 3), but it increased by adding compost. Under lowest rate of water ()
the superionity was o 100% compost, this could be referring to the ability of
compost to reserve water and nutrients. By increasing the irrigation rate,
available N was removed from root zone especially in 100% NPK treatment
{Table 3). So that F; and Fy gave the same value of shoot/root (2.78) under I,
treatment.

Irrigation levels affect significantly N, P and K concentrations in shoot and
root whereas I, gave higher N and K than |; and |,, because more water
induce more absorption of N and K, while I, treatment was more suitable for
P absorption. No significances or few differences between nutrient
concentrations of shoot (N, P and K) in F; and F, treatments. The lowest
value is given by control followed by F, treatment, although F, treatment
gave the highest value of dry weight. This may be due to dilution effect, or
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the other meaning, the small value of shoot render the nutrients more
concentrated. As for nutrient concentrations of root, it was increased
significantly by the order: F<F<F,<F; with one exception, there was no
significant deference in K% between F; and F; treatments. The interaction
between irrigation and fertilization confirmed the frend obtained with
individual treatment of irrigation or fertilization as previously discussed.

Table (3): Dry weight of shoot, root (g/plant), shoot/root ratio and its nutrient

0.30

concentrations (%) at wheat tasseling as affected by irrigation and
fertilization treatments.

Fo 0717 | 2.60 3.70 2.61 0.29 0.17 | 1.80 2,76
Fs 0988 | 3.50 | 0.50 | 4.00 244 0.40 040 | 2.30 4,05
h F2 09.26 | 4.30 | 0.52 | 4.80 2.01 0.70 056 | 2.77 4.61
Fa 08.55 | 470 | 0.59 | 510 1.99 0.70 060 | 2.63 4.31
Fe 08.54 | 1,70 | 0.23 | 3.00 3.18 0.22 019 | 105 2.69
Fy 10.81 290 | 037 § 3.70 214 1.00 0.31 2.60 5.10
12 F. 10.23 | 400 | 047 | 410 2.65 1.30 0.40 | 2.90 3.87
Fi 1045 | 3.80 | 0.45 | 4.00 3.16 190 | 035 | 2.50 3N
Fo 09.26 | 270 | 0.35 | 3.10 3.33 0.21 0.20 | 1.73 278
Fi 11.71 393 | 043 | 4.30 23 1.27 | 0.43 2.50 5.08
s F2 1093 | 4.60 | 0.53 | 5.20 283 150 | 0.50 2,90 3.87

10.03

3.10

0.38

3.70

2.T8

0.31

226

374

Mean
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Fy 1083 | 3.44 | 043 | 4.00 2.30 088 | 038 | 247 474
F2 1014 | 430 | 0.51 | 4.70 2.50 117 | 0.49 | 2.86 412
Fa G9.69 | 423 | 053 | 470 293 1.50 053 | 261 347
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C). Nitrogen, phosphorus and potassium uptake of wheat shoot

and root (mg/plant) at tasseling (Fig. 1).

Nitrogen, phosphorus and potassium uptake of wheat shoot and root
affected significantly with irrigation treatments. These nutrient uptake
increased by the order I;>1,>1; except K uptake of root whereas it decreased
with decreasing irrigation rate (Fig 1). As for the effect of fertilization
treatments on nutrient uptake values showed that N, P and K uptake of
shoots take one trend and follow the order Fa>F3>F> Fo. As for N, P and K
uptake by root decreased gradually in the order F;>F:>F>F,. The interaction
effect of irrigation-fertilization treatments tended to increase nutrients uptake
by shoot and root as compared to untreated plots. This support results of
shoot and root dry weight in addition te values of nutrients concentrations.
Such results suggest that, effect of 100% compost, or 100% mineral fertilizer
produced more remarkably nutrients uptake of both shoot and root than
adding 50%compost + 50%NPK and control. Rasool et al. (2007) reported that
the uptake of N, P and K by wheat were higher with the application of FYM
and inorganic fertilizers than in control plots.

D). Wheat spikes yield (g/spike) and grain yield {kg/fed.) at
harvest

Data in Table (4) showed that Wheat spikes and grain yield follow the
same trend. Irrigation treatments had a considerable effect on them and I,
treatment (100% WR) is the best. The enhanced grain yield with I; may be
interpreted by: 1) the more efficiency of nutrients in soil treated with 1,
compared with the others. 2) this amount of water more suitable to exporting
the dry matter content to grains resulting more grain filling and weight as
well as grain yield. 3) improving soil chemical and biological properties. 4)
decreasing nutrient losses by leaching. 5) good aeration associated with the
relatively low application of irrigation water {Abou-Baker 2008). Reducing
water application rate from 100% WR {I;) to 70% WR {l;), reduced spikes and
grain yield by 86.2 and 97.6% compared with l,while increasing water
application rate from 100% WR (l;) to 130% WR (l.), also reduced spikes and
grain yield by 3.5% and 3.8%, respectively. This indicates that under dryland
condition effect of irrigation water reduction is higher than the side effects
refer to increasing irrigation rate. Lower yield in |, treatment reflects less
irrigation water applied in |, than other treatments. This is in agreement with
those of Eghball et al. (2004} where they showed that lower grain yield under
less irrigation water applied.
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Fig. (1): Nitrogen, phosphorous and potassium uptake of wheat shoot and
root {mg/plant) at tasseling as affected by irrigation and fertilization
treatments.
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Table {4): Wheat spikes yield (g/spike) and grain yield (kg/fed.) at the end of
season as affected by irrigation and fertilization treatments

¥

Fs 1.21 731.8
Fi 1.41 959.4
1 F 1.28 851.6
Fs 1.23 809.0
Fo 2.26 1466.7
. Fi 2.51 1821.7
Fs 2.40 1668.3
Fs 2.37 1666.3
Fo 192 12773

I2 239 1656.0

As for effect of fertilization treatments on hoth yieid parameters, spikes
and grains yield were significantly increased by using all rates of compost
irrespective of mineral fertilizers. The lowest values were found by using
control followed by full recommended dose of minerai fertilizer. These
presumably resulted from advantage of soil fertility, socil structure and
perhaps water infiltration. The superiority was recorded by using Fy (50%
compost + 50%NPK). Thus, a combination of NPK-fertilizer and compost
could be the viable nutrient management option for wheat production. These
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results are consistent with the findings of Cox ef al. (2001) they concluded
that compost induced changes to soil quality did not translate into higher
soil productivity until fertilizer N was applied. Mandal et al. {2009) they
showed that grain yield of soybean and stover yields increased in NPK and
NPK + FYM over control.

2. Second experiment (compost residual effect+100%WR)

Maize plant height (cm}), cob/ear (g), grains/ear (g) and grains yield
{kg/fed.) at harvest were recorded in Table {5). Data in Table (5) showed that
as regard to the fertilization treatments, that the increase in plant height was
significant with increasing organic fertilizer level, and arranged in the order
F>F>F3>F,. These results may be due to 1) importance of compost as a
slow release nitrogen fertilizer in increasing plant height. 2) the ability of
compost to conserve water 3} fast desolation and washing of mineral
fertilizers from root zone (table 5).

Cobfear, grains/ear and grain yield were significantly increased by using
all rates of compost as compared with control. The lowest values were found
by using control followed by full recommended dose of mineral fertilizer. The
highest values of these parameters obtained by adding 100% compost
followed by 50% compost +50% NPK. it was in contradicting line with those
obtained in wheat yield. Compost releases nutrients slowly at the wheat
growth period and need to support by adding mineral fertilizers, but in maize
growth period begins, the compost degradation increases and conseqguently,
release more nutrients to maize plants.

Table (5): Plant height {cm), weight of cob/ear (g}, weight of grains/ear (g) and

grains yield at the end of season as affected by fertilizations
treatments+100%WR of maize plants grown on El-Arish soii.

Fo 136.17 20.53 98.81 837.6

F1 168.5 31.32 129.50 12148.1
F2 172.21 36.17 160.36 1436.5
F3 164.24 24.29 113.64 1007.5

Almost of these findings may be refer to one or more of the following
reasons 1) improving soil physical, chemical and biological properties 2) The
effect of applied compost on soil properties continue into the following year,
because of slow decomposition of the compost. 3) the solubility effect of
compost upon native and applied nutrients 4} the biodegradation of compost
produce several organic acids which are able to reduce soil pH subsequently
increasing nutrients availability. 5) compost contains various balanced
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nutrients. In practice, not only N, P and K nutrients but a combination of all
the essential elements from the amendments was contributing to final yield
values. Bhattacharyya et al. (2008) reported under the unfertilized and the
inorganic fertilizer treatments that decreased with time, whereas they
increased In the plots under N+ FYM and NPK + FYM treatments for both
crops.

3. Water use efficiency (WUE) of wheat yields as affected by
irrigation and fertilization treatments, and maize yield as

affected by residual effect of fertilizers+100%WR:

it is interesting to note that, rational irrigation and fertilization
management are among the most important measures to improve grain yield
and WUE toward better land use, minimize of production input costs, and
improve the agricultural economy.

In general, WUE defined as biomass accumulation over water consumed,
it is considered one of the parameters used to evaluate the performance of
agricultural production systems. The WUE of wheat increased gradually in
the order 1,>1;>ly, (Table 6). These results emphasized that low yields due to
water stress didn’t concomitant to low WUE values, and the increase in WUE
didn’t refer to high amount of water. This may be due to mathematically, WUE
calculated as [yield (kgﬁed )total water applied (m°ffed.)), hence increasing
water amount tend to raise the denominator of equation subsequently
decrease the net result. It has been predicted that plants generally have the
capability to optimize their water use in short term and maximize their
chance of survival during drought in the long term. Concerning the effect of
fertilization treatments irrespective of irrigation levels, data revealed that,
WUE of wheat decreased gradually in the order F{>F;>F;>F,.

WUE of maize (residual fertilizers+100%WR) increased gradually, when
increasing the amount of compost. Treating sandy soils with applying
compost led to an increase in WUE by maize plants i.e. yield produced in kg
by each m-cubic of irrigation water used. The differentiation between WUE of
studied maize and the reference rarige of it, can be asciibed to nutrient
management whereas, maize was grown after wheat without any new
fertilizers addition. These results are in close association with Fan ef al
(2005) they hypothesized that perhaps the WUE of manure+NP treatment
could increase with time as soil organic matter increased, and they added
that organic materials could increase water-holding capacity that, by turn,
improves water availahility to plants and arrests grain yield declines, and
sustains productivity.
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Table {6): Water use efficiency (WUE) for wheat yield as affected by irrigation
and fertilization treatments, and maize vield as affected by residual
effect of fertilizers under 100% WR

Fo 0.67 | 1.33 | 116 | 1.05 0.41
F1 0.87 | 1.66 | 1.60 | 1.38 0.58
F; 0.77 | 152 | 143 | 1.24 0.64
Fs 0.74 | 152 | 1.9 | 1.14 0.46
Mean (F) 0.76 | 1.50 | 1.34 0.52

Iinteraction effect of irrigation doses x fertilization treatments on WUE was
not significant for wheat. Water use efficiency values ranged from 0.67 to
1.66 kg;fm3 for wheat. Zwart and Bastiaanssen (2004) mentioned that the
globally measured averages are 0.6-1.7 kg/m’ for wheat.
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