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ABSTRACT

Four experiments were carried to eapitalize on rice straw as a mulch to ameliorate physical properties of the soil,
exaggerate water use efficiency in addition to mineral input for growing of 3 months old Casuarina glauca and Leucaena
leucocephala seedlings in two seasons at the Experimental Station of Forestry and Wood Technology Department, Faculty of
Agriculture, Alexandria University, Alexandria, and model nursery at Wadi EI- Natroorn Region, Beheira Governorate, Egypt
(from 2003- 2008). The first experiment was conducted to study the effect of depth of straw story on the growth and biomass
of seedlings, using two depths, 10 cm (Dyg) and 20 cm (D) and unmuiched soil (control). For both species studied, in both
season, the results showed that the mulched seedlings displayed growth and biomass higher than that of unmulched ones.
However, the deeper the mulch incorporated (Dyg) in soil, the higher the growth and biomass charocteristics were oblained.
The second experiment was done to study the impact of inoculation with bird’s nest fungus (Cyathus stercoreus) on the
growth and biomass yield of seedlings, degradation rate of the straw and relative infiliration rate of rhizosphere. Fruit
bodies of C. stercoreus were upward emerged after four months of inoculation. Inoculated C. glauca seedlings displayed the
highest shoot heighi, siem diameter, shoot growth rate, branchlets, roots and lotal biomass compared with wninoculted straw
and comrol treatments. Inoculated Leucaena leucocephala seedlings dispiaved the highest growth and yield characteristics
JSor both season. There were no significant differences between inoculated and uninoculated ones in both of total dry weight
of stem in the first season and values aof both were higher than thot of the control, but there were no significant differences
between inoculated and uninoculated ones. As for L. leucocephala, total biomass was significantly higher than those of
uninoculated awd control ones. The third experiment was conducted to study the effect of 11- day drought stress on survival
characteristics of seedlings. However, inoculated and uninoculated plants displayed survival, life shoot ratio, both based on
height (LSRy) and on dry weight (LSR,) higher than those of the control. Mowiloring degradation rate of siraw along year,
more than 90% of the total dry weight of straw lost by aidf of inoculation with bird’s nest fungus at rhizosphere of seedlings.
Relative infiltration rates (RIR} ar rhizosphere of mulched seedlings and inoculated with bird’s nest fungus were lower than
those of uninoculated ones, The fourth experimens was targeted to study the effect of straw mulching on nodulation
characteristics of C. glauca inoculated with Frankia and L. leucocephala with Rhizobium. Data obtained from this
experiment revealed that the nodulation by Rhizobium was delayed in L. levcocephala roots. On the other hand, nodulation
of C. glauca roots by Frankia was failed. It is recommended, however, to exploit rice by-products by incorporate it in the soil
of plantation or man made forest in marginal lands instead of its burning to ameliorate chemical, physical properties of the
soll, water use efficiency, reduce weed population especially in strips and to test more economic fungus to grow under such
condition.

INDRODUCTION
owadays, there are increasing attentions production of potassium, chlorine and ash by leaching

(Bakker and Jenkins, 2003) and used as a medium for

towards crop by-product recycling and
pollution issues. In Egypt, there are plenty
quantities of crop by-products annually produced,
yet there is no organized plan to manage it. Rice
straw, however, regarded one of the most common
field-crop by-products. About 4.9 and 1.6 millions
tons of rice straw and rice husk annually produced,
respectively (Morssy and Joas, 2008). Most of such
by-products burnt at the field by farmers, in turn,
brought about an air-pollution along with the other
pollutants that may in situ affect hunan, animal
and plant health.

In many countries that produce rice crop
incorporate its straw for many purposes; amongst
which, production of pulp, paper and cellulose
(Zerrudo, 1984; Lam et al., 2005; Jinsheng ef al.,
2008 and Rodriguez er al., 2009), Biomethanation
production (Somayaji and Khanna, 1994), ethanol
production (Jinsheng ef al., 2008), animal feeding
after primary treatments (Pathirana and Orskov.
1995), use it as adsorbent (Marshall, 2004),

mushrooms  production, particularly, Plewrotus spp
{Hamlyn, 1589).

Under both field and laboratory conditions, it has
shown that use of a surface organic (notably, straw) muich
can result in storing more precipitation water in soil by
evaporation, improving several physical, biological and
chemical characteristics and thereby improving soil
quality (Bond and Willis, 1969; Unger,1983; Smika and
Unger, 1986; Schertz and Kemper, 1998; Karlen et af.,
1994; Franzluebbers, 2002 and Yajun ef af,, 2009). Most
available information on the effects of planting depths for
trecs is anecdotal (Watson and Himelick 1997) and few
studies dealt with such subject in timber tree management,
although it was practically investigated in crop field triais,
notably, by ling ef al., (2009).

Fungi play an important role in plant litter
decomposition in firest ccosystems through mimrient
recycling and humus formation in soil (Swift er al, 1979).
Bird's nest fingi (Cyathus spp) is one of the higher
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Basidoimycota that capsble of litter or mulch
decomposition (Takashi ef al., 2003) under certain
circumstances, e. g. in calcarcous soil, that
contained high levels of calcium (Lu, 1973). By
their strong enzymes produced, these fungi are
capable of breakdown lignin, cellulose and
nitrocellulose (Abbott and Wicklow, 1984;
Wicklow et al., 2005 mnd Symdaram ef al., 2008).
For this reason, it was used to ameliorate fiber
digestion by animals when it previously inocutated
with such fungi (Karunanandaa and Varga, 1996).
Furthermore, these fungi produce essential
substamces notably; laccase (Vasdev and Kuhad,
1994; Dhawan and Kuhad, 2002, Dhawan et al.,
2002), that used in several purposes, amongst
which, dye decolorization { Vasdev and Kuhad,
1993 and Leung and Pointing, 1994) and
antimicrobial metabolites (Ya-Jun and Zhang.
2004). '

This work aimed to study the impact of
incorporation of rice straw with soil as medinm for
growing seedlings of Casuaring glauca and
Luecaena leucocephala to capitalize on its
potential, if any, to improve soil characteristics,
minimizing evaporation, growth of seedlings. The
study aimed also to pinpoint the effect of straw on
water relation in rhizoshere as well as omn
nodulation of roots of beth species by Frankia and
Rhizobiim as nitrogen fixing symbiotic agents in
Casuarina glauca and Luecaena lewcocephala,
respectively.

MATERIAL AND METHODS

This study implied 4 experiments, carried
out in four years (from 2005- 2008) to assess the
possibility of capitalizing on rice straw as a source
of organic matter in soil medinm to minimize soil
evaporat:on and ameliorats its physca] properties,
in addition to mineral input for growing Casuarina
glauca and Leucaena leucocephala seedlings.
Certified seeds of the two species mentioned above
were sown in the seedbeds (30 cmt diam. pots) and
obtained seediings were raised in the nursery of the
Experimental Station of Foresity and Wood
Technology Department, Facully of Agricufture,
Alexandria  University,  Alexandria. = The
experiments were conducted in a model mursery at
Wadi EI- Natroon Region, Beheira Governorate,
Egypt (from 2005- 2008).

2,1. Experiment 1: Effect of straw story depth
on the growth and biomass yield of seedlings

Seedlings of C. glauca and L. lewcocephala,
aged 3 months were transplanted in 35 = 35 x 60
cm woody- containers, contained 1:4- clay; sand—
soil mixture. The straw mwich was imcorporated in
two depths, 10 cm {D}q) and 20 cm (Dyy) at two
different freatments besides the control (without
straw muich).

The straw was represented about 1.0 % of the total
weight of soil mixture. The plants were irrigated every 2
and 3 days in winter and summer, respectively. Growth
parameters and biomass characteristics were determined
afier one year in two successive seasons (Junel5, 2005-
Mzay 14, 2006 and Junel5, 2006— May 14, 2007). The
experimental design used was complete randomized
design (CRD) according to Steel and Torrie (1980), with 5
replicates for both of the two species studied in separated
arrangement due to  their growth, physiological,
morphological, anatomical natures in addition to their
different symbiotic agents.

2.2. Experiment X:

Effect of the Imoculation with Bird's nest Fumgus
(Cyathus stercoreus) on the Growth and Biomass of
Seedlings, Straw; Degradation and relative infiltration
rate of rhizesphere.

As it described in experiment (1), seedlings were
transplanted in  woody containers, that previously
formentioned, but contained straw layer af depth of 20 cm.
The soil and straw were previously sterilized with
formaldehyde for 10 days then acraied 2 weeks. The
inoculation with C.  sfercorens was done 2 weeks after
transplanting by applying 5 propagules (peridioles) per
container, This experiment was carried out in two seasons
(Junel5, 2006- May 14, 2007 and hunel5, 2007-- May 14,
2008).

The experiment was arranged in CRD with 5
replicates. The control was similardy inoculated, but with
boiled peridioles. The establishment of the frvit bodies of
C. stercorens was monitored and growth and biomass
(Shoot height; shoot growth rate; stem diameter; dry
weight of stem, branchlets, leaves, roots and total
biomass) were assessed after one year of the inocuiation.

2.2.1. Determination of degradation rate of straw

The rate of rice- straw degradation was determined
in 7 treattnents.

Five g of oven-dried rice straw sealed with fine
porous polyester bags (5 pores/ mm®) then placed in 7
conditions (as treatments) as follows:

1- Under soil surface at depth of 10 e

2- Under soil surface at depth of 20 an.

3- Under soil surface at depth of 10 cm at rizosphere of
C. glauca.

4- Under soil surface at depth of 20 om at rizosphere of
C. glauca.

5- Under soil surface at depth of 10 cm at rizosphere of
L. leucocephaia.

6- Under soit surface at depth of 20 cm at rizosphere of
L. leucocephala.

7- On the surface of soil.

The experiment was arranged in CRD design with
five replicates.

Samples of straw were watered every 2™ and 3™
day in summer and winter, respectively. After one year,
samples were collected then carefully washed and oven
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dried. Degradation rate (DR} of straw was
calculated as a percentage by the following
equation:

pr= ™ xi00
We
Since, '
W, is the oven dry weight (g) of straw sample
before degradation, and
W is the oven dry weight (g) of the same sample
after one year of degradation.

2.2.2. Relative infiltration rate (RIR)

Relative Infiltration Rate (RIR) is a
parameter to express the filtration rate of mulched
soil relative to that of unmulched one of the same
condition. Three samples (about 300 g) were taken
from rhizospere of C. glauca and L. leucocephala
seedlings after 3 months of inoculation with
Cyathus stercoreus fungus. In addition, samples
of uninoclulated mulched soil and wmulched soil
were taken, oven dried then tested for iis
nfiltration rate (mm/ hour) adopted to the method
described by Brouwer ef ol (1985). However, RIR
was calculated according to the foliowing equation:

IRT
IRC
Since, IRT is the infiltration rate (mm/ hour) of the
mulched soil of given treatment, and

IRC is the ipfiltration rate (mm/ hour) of the
unmulched soil of the same treatment.

RIR =

2.3. Experiment 3: Effect of drought stress on
sarvival of the seedlings grown on mulched Soil
This experiment was carried out in June 5,
2007 using the same experimentat design described
in experiment (2), yet with 10 replicates. Seedlings
of C. glauca and L. leucocephala were subjected to
5 drought stress cycles, by prevention of the
irrigation for 10 days until the moisture potential

reached —1.2 megapascal, menmeynngatedagam_

every 11® day to assess survival, live shoot ratios
(LSR) of seedlings, if any. The symptoms of
drought were monitored and survival (%) and LSR
values were estimated based on two bases as the

following:

)LSR on height basis (LSRg).
LSRg = megh_tzigl!t of the shoot
Total height of the shoot
2) LSR on dry weight basis (LSRy).
LSRy = Dry weight of llv.mgrpart of the shoot
Total dry weight of the shoot

23.1. Determination of evaporation  and
evapoiranspiration of plants

During drought span {10 days), samples of the soils
were deily taken; In addition, transpiration rate of C.
glauca and L. leucocephala was determined. Soil samples
were taken by 7.5- cm-diam. cylinder to get soil column
from scil surface to the base of box to determine

concomitant moisture contents (%).

2.4. Experiment (4): Effect of mulching on nodulation
of Casuarina glauca and Leucaena
Four months old seedlings of Leucaena
leucocephala were artificially inoculated with Rhizobium
inocuia (designated sirain RAAGI), whilst Casuarina
glauca ones were inoculated with Frankia (designated
strain COAAS2). Seedlings were grown in boxes
{as described in Experiment 1) under the same growth
specification in two seasons (July 20, 2006 - May 14,
2007 and June 20, 2007— May 19, 2008). The treatments
were:
1-Inoculated seedlings with bird’s nest fungus with grown
in 10 cm-depth muich medium (ID;y),
2- Inoculated seedlings with bird’s nest fungus grown in
20 cm-depth mulch medivm (ID4y),
3-Uninoculcatated seedlings grown in 10 cm-depth
rmaich medivm (UIDy,),
4-Uninoculcatated seedlings grown in 20 cm-depﬂl mulch
mediom (UTDay) and
5-Uninoculcatated and unmulched seedlings (Control).

The experimental design used was CRD with 3
replicates. Seedlings were tested every week afler
imoculation to check the formation of prenodule which
may offspring and after 10 months, seedling roots were
gently extracted, washed free from debris to examine
nodalations {(nodule number total dry weight of nodules).

RESULTS AND DISCUSSIONS
3.1. Experiment (1): The statistical analysis of variance
revealed that there were significant differences among
treatments, rice straw at depth of 10 cm (D), at 20 cm
(D) and control in both seasons and in both of Casuaring
glauca and Leucaena leucocephala.

As for C. glauca, growth and biomass
characteristics, notably, shoot beight, stem diameter,
growth rate, dry weight of branchlets, stem, roots and total
dry weight of treatment D, were significantly higher than
those obtained in Iy (Tables 1 and 2).

Except for dry weight of leaves, L. leucocephala
scedlings of treatment D,, displayed the highest growth
and yield characteristics that above mentioned in case of
C. glauca in both scasons. On the other hand, treatment
Dy displayed dry matter of leaves higher than those of the
other treatments in both seasons (Tables 3 and 4).

These findings indicated that the deeper the mulch
incorporated in soil, the higher the beneficial effects of
straw applied on growth and biomass characteristics. This
in harmony with findings of Dobermann and Fairhurst
(2002) and Bu ef al. (2002). They ascribed the increased
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Spreading and incorporation of straw, (Dobermann and Fairhurst, 2002), but its detrimental
however, are labour-intensive tasks, and farmers impacts on environment will take place on one hand and
consider buming to be more expedient its intrinsic value would be lost on the other hand.

Table (1): Growth and biomass characteristics of Casuarina giauca seedlings grown on straw-mulched soil
at depth 10 cm (Dy,), 20 cm (D) and normal soil (cont) in the first season.

[shoot [Stem | Jstemary Fo 4 1
§ Treatment height dmm. growtll rate welght w e:ghtré) blo-ass [
- cm/month) plant) ;
| 1 } % I

J
|
i
!
el
f

dry weight

probability level.

Table (2): Growth and biomass characteristics of Casuaring glauca seedlings grown on straw-mulched soil
at depth 10 em (Dyg) , 20 cm (Dyg) and normal soil (cont) in the second season.

For each colmnn, mean values of the samepostsmptletters are nots:gmﬁcanﬂyd:ﬂ'erentat<0 05 ofprobablhty
level.

Table (3): Growth and biomass characteristics of Leucdena leucocephala seedlings grown on straw-
mulched soil at 10 cm- depth (Dyg), 20 cm (Do) and normal soil (cont.) in the first season.

Sh Stem Leaves dry Stem dry dry [ Total
Tmtment helght dlam. growth rate Weigkt ' welght welght blomass =
| {em) lnonth s ant ant

28 24"

31 21'l
576" 17.04°

For eachcoh.unn, “mean valuesof the same § rs are t mgmﬁcant]y rent at < 0.05 of
probability level.
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Table (4): Growth and biomass characteristics of Leucaena leucocephala seedlings grown on straw-
mulched soil at 10 cm- de h (D1 20 cm i : and normal sml cont. m theseeondseason

Sll Stem i Shoot Leaves dry [ Stem a dry R oot dry | Total 1
Tmtment i height diam | growth rate welght wenght biumass
w jl{cm) month /plant) lant) | (e/ plant) §

For each ol coiumn mean values of ﬂxcsame pustsmptletwrsare notmgmﬁcanﬂy dlfferent at < 0050f
probability level.

Table (5): Growth and hiomass characteristics of Casuarina glauca seedlings grown on soil-straw medium,
inoculat Degra-dation rate of straw ed, uninmoculated with bird’s nest fungus (Cyathus
stercorens)y and unoculated normal soil, degradation rate of siraw (DRS) and relative

inﬁltration rate of soil RIR) mtlle first SEASON.

‘ Shoot Branchicis dry  Root dry Totll
| Treatment | height growtll rate §l dry  weight H wdgkt i weight (%)!
w' ; (cm) (cm) (cmr'monﬂl) {gf !'lm*) ' t (g/ plant) (gf plant) (gl plant)

T 2645 ‘ 276
s -
1357 B

62?‘ 6.58 TS

5. 24 424" i 10125 _3
328 210 216

each mean values of the same postscnpt letters are not sxgmﬁcantiy dlnt at < 0 0 of mbab
level.

Table (6): Growth and biomass characteristics of Casuaring glauca seedlings grown on soil-straw medinm,
inoculated, uninoculated with bird’s nest fungus (Cyathus stercoreus) and unoculated normal
soil, degradation rate of straw (DRS) and relative infitiration rate of soil (RIR) in the second

| Treatmen Slmot s Branchlets |
helgllt diam. growih rate ﬁry weight wught(g’ wugllt(gl bmmm (e’ K (%)I
{cnn (cm) {mfmonth) plm) punf) piant) 8 plant) | year |
! ; 5.84"

R 57§ 2153

) 79* Ny 2753= - “
4_06 7385 499 |
: | P— |

For each column, mean val of the ept letters are not sngniﬁcantly different at< 0.05 of probability
level.
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Table (7): Growth and biomass characteristics of Lencaena lencocephala seedlings grown on soil-straw
medium, inocolsted, vninoculated with bird’s nest fungus (Craffus sfercoreus) and
unoculsted normal soil, degradation rate of siraw (DRS) and relative infiltration rate of sofl

Shoot  § Stem Shoot dry Fotal
| Treatment § height § diam. § growth rate -t biomass (%)I
(ﬂn) ; 1 f (o , {sf plalt) (gl plant) (g’ pl-nt) yur

10.48°

~ For each colunm, mean values of the same pti s are not sagmﬁcantly drent at < 0.05 of probablhty '
level.

Table (8): Growth and biomass characteristics of Leticaena lencocephala seedlings grown on soil-straw
medium, inoculated, uninoculated with bird’s nest fangus (Cyathus stercoreus) and unoculated
normal soil, degradation rate of straw (DRS) and relative infiltration rate of soil (RIR) in the
second season.

“For each cohxmn,meanvalues -' stscnpt are notgmﬁcautly d:ﬁ'eren _ 0 05 of
probability level.

Table (9): Nodulation Characteristics of Leucaena leucocephala plants, uninoculated with bird’s nest
fungus grown in straw- muiched soil at 10-cm depth (UID,g), 20 em-depth({UID,;), inoculated
with bird’s nest fungus (C)mﬂms stercerens) grown in straw- mulched soil at 10-cm depth

Second Season

Nodules § Totaldry Iati Nodules J Total dry m tter
number/ matter of numberl of nodule/ plant
noduletf ]

e I—

“For each column, mean values of the same postscnpt letters are not si gn ify ﬁtl
Different at < 0.05 of probability level.
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Fig. 1: Cup-shaped fruit bodies (FB) of Cyathus stercoreus contained peridioles (P). Scale: 3.5 mm.
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Fig. 2: Survival {%3 of casuarina living langth of shoot after glavca and L. feucocephala
and lsucaena seedings after 10- subjection of C. glawca and L seedlings based on dry welght of
day drought span. fucocephala seedings to drought. living shoot subjected to drought
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CONCLUSIONS AND RECOMMENDATIONS

s Incorporation of rice straw into soil brought about
an increased shoot height, stem diameter, growth
rate, dry weight of branchlets, stem, roots and
total dry weight of Casuarina glowea and
Luecaena leucocephala .Growth and biomass
characteristics of seedlings of both species studied
grown on 20cm (D) were more than those of
and 10 cm (Dy). Inoculation with birds nest
fungus (Cyathus stercoreus) promoted growth and
biomass characteristics of seedlings compared
with uniroculted (sterilized) straw and control
treatment, but impeded nodulation of €. glawca
and delayed it in L. lencocephala. Survival (%) in
both inoculated straw mmich with C. stercoreus
and uninoculated ones was higher than that of the
controt (absolute soif). The enhanced field
capacity cast by straw, relative to unmulched soil
and relative latency of its depletion may interpret
increased survival parameters of plants grown on,
Moisture content of mulched soil either inoculated
with C. stercoreus or uninoculated, was higher
than that of uwmniched opes, yet advanced
degradation of straw may decrease water
retention. Infiltration rate of molched soil was
higher than that of unmulched one and progressed
degradation of straw by bird’s nest fungus led to
decrease relative infiltration rate. Under
rthizosphere condition, straw can be totally
mineralized within 15 months or less.

* It recommended, however, to capitalize one rice
straw for mulching plantation (man-made forest)
particularly in strips fashion 10 increase water use
efficiency, recycling of its minerals, reduction of
weed population and to grow more beneficial
economic fungi, since lignified roots of trees is
more tolerant to gases emitted during fermentation
as it compared with the other annual plants.
Management of rice straw as mulich in plantation
merits more research using many other species
and management fashions as well.
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