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Supplementation of the growing substrate by nitrogenous additives has been known to improve the pro-
duction of oyster mushroom (Pleurotus ostreatus (Jacq. ex Fr.) P. Kumm. (1871)). However, the application
of nano-additives has not been reported in such cultivation yet. The study investigated the effect of nano-
urea added in two different doses (3 g and 5 g per kg substrate), once (at spawning or after first flush) or
twice (at spawning and after first flush) to the growing substrate consisting of wheat straw and spent
oyster substrate (1:1, w/w). Results showed that the application of nano-urea once has induced the high-
est number of mushroom flushes (four flushes) despite the dose applied. Contrarily to early findings,
where high doses of nitrogen have caused inhibition of mushroom growth and production, nano-urea
application has had better effects when applied twice. With 5 g/kg, it induced the shortest period
between the first and the third flush (15 days). With 3 g/kg, it resulted in the highest biological and eco-
nomic yields at the third flush (332.7 g/bag and 283.1 g/bag respectively), in total (973.4 g/bag and
854.0 g/bag respectively), the highest biological efficiency (109.6%), and pileus diameter/stipe length
ratio (2.8). Experimental findings of the current study may be potentially applied at commercial scale.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Pleurotus ostreatus (Jacq. ex Fr.) P. Kumm. (1871), commonly
known as oyster mushroom, is the second most cultivated edible
mushroomworldwide after Agaricus bisporus (Sánchez, 2010). Dur-
ing the past two decades, the mushroom has been gaining impor-
tance as health promoter and environmental restorer resulting in
an upsurge in their research and development activities (Patel
et al., 2012). P. ostreatus can be easily cultivated on different agri-
cultural and industrial waste products (Mikiashvili et al., 2006;
Bellettini et al., 2019). Cereal straw (mainly wheat straw) is the
common substrate used in commercial production (Rühl and
Kües, 2007). Such substrate is naturally poor in nitrogen
(0.5–0.8%) (Upadhyay et al., 2002).

Spent mushroom substrate (SMS) generated from mushroom
cultivation forms an abundant, nutritive, easily available and cheap
source of substrate in mushroom producing regions (Grimm and
Wösten, 2018). It is composed of agro-residues and fungal myce-
lium left after harvesting of mushrooms (Jordan et al., 2008). There
are references to the use of such wastes for the production of a
variety of edible mushroom species like Agaricus, Auricularia,
Lentinula, Pleurotus and Volvariella (Pardo-Giménez, 2008). SMS
does not always support good yields when spawned over it
(Sharma and Jandaik, 1985). On the other hand, supplementation
of SMS is a good solution to employ it as a base material to grow
P. ostreatus (Pardo-Giménez et al., 2012; Ashrafi et al., 2014). Sup-
plementation consists of the application of nutritional amend-
ments to the substrates employed for mushroom cultivation
(Carrasco et al., 2018). Most importantly, the choice of supplement
and its application time are essential for obtaining the expected
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results (Desrumaux et al., 1999). Various nitrogen-rich supple-
ments were reported to enhance yield (Bonatti et al., 2004;
Naraian et al., 2009) and hasten the production process (Royse,
2002). Nitrogen is an essential element for the mushroom growth
and cellular metabolism, particularly protein and enzymes synthe-
sis. It is transported into the living cell in an inorganic (nitrate,
nitrite, ammonia) or an organic form (amino acids, urea and other
nitrogen compounds) (Mikeš et al., 1994). Experiments proved the
interest of supplements based on soybean or other nitrogen
sources for the cultivation of P. ostreatus in substrates that are nat-
urally poor in this compound (Zied et al., 2014). For instance, the
application of urea as an organic nitrogen source has come out
with different results according to the concentration of urea
applied and type of substrate used (Kanhar et al., 2007; Déo and
Faustin, 2015). Supplementation with urea was mainly reported
at spawning.

In the last decade, nanotechnology has gained momentum in
agriculture (Mukhopadhyay, 2014). The agricultural field benefits
from nanotechnology by nano-fertilizers that play a greater role
in crop production (Duhan et al., 2017). Nano particles have exten-
sive surface area and capable of holding abundance of nutrients
and release it slowly and steadily such that it facilitates uptake
of nutrients matching the crop requirement without any associ-
ated ill-effects of customized fertilizer inputs (Selva and
Balakrishnan, 2017). The application of nano-fertilizers was largely
reported on plant crops like tomato (Sajyan et al., 2018, 2019), but
not until present date on mushrooms. Therefore, the present study
was carried out in order to determine how nano-urea applied in
different timing and concentrations would affect growth and yield
of P. ostreatus.
2. Materials and methods

The present study was carried out at the Agricultural and
Veterinary Research Center of the Lebanese University, Faculty of
Agricultural Engineering and Veterinary Medicine, at Ghazir
station.

2.1. Substrate preparation

The substrate used was a 1:1, w/wmixture of wheat straw (WS)
and spent oyster substrate (SOS). SOS was used previously in one
growing cycle of P. ostreatus at a local mushroom farm ‘‘Gourmet”.
It was sun-dried for a week and shopped prior to use. Properties of
the substrate (Table 1) including carbon (%), nitrogen (%), organic
matter (%) and moisture (%) contents, C/N ratio and pH were deter-
mined at the Lebanese Agricultural Research Institute (LARI)-Tal
Amara station. The determination of crude fiber (%) (AOAC
962.09 standards), total carbohydrates (%) (Anthrone method)
and total protein (%) (Kjeldhal method) was performed at the
LFDCA (Lebanese Food Drugs and Chemicals Administration)-
Table 1
Physico-chemical properties of the substrate.

Physico-chemical properties WS WS + SOS (1:1)

Moisture (%) 11.0 15.6
Organic matter (%) 92.7 82.8
Carbon (%) 54.0 48.1
Nitrogen (%) 1.1 1.1
C/N ratio 50:1 43:1
pH (1:5) 5.8 5.2
Total carbohydrates (%) 38.54 30.54
Total protein (%) 5.5 7.5
Crude fiber (%) 38.44 30.44
Lebanese University-Hadath. The substrate was pasteurized at
60–65 �C for 8 h and then cooled down for 15 h to the spawning
temperature (25 �C) (Pardo-Giménez et al., 2012).

2.2. Experimental treatments

This experiment investigated the effect of nano-urea consisting
of 21% of total nitrogen nano-scale (Lithovit�-Urea50) added in
two different doses (C1: 3 g/kg and C2: 5 g/kg), once (t1: at spawn-
ing or t2: after first flush) or twice (t3: at spawning and after first
flush). Experimental treatments were: T1: C1t1, T2: C1t2, T3: C2t1,
T4: C2t2, T5: C1t3 and T6: C2t3. Two controls were adopted; the first
(T00) was an experimental control consisting of non-treated sub-
strate WS + SOS (1:1) and the second was a commercial control
(T0) consisting of WS. The experimental design was incomplete
factorial design with three factors (substrate type, nano-urea dose
and timing of application), eight treatments and ten replicates
(bags) per treatment.

2.3. Spawning and cropping

P. ostreatus spawn of M 2175 strain was prepared at the labora-
tory of Food Technology of the Faculty of Agricultural Engineering
and Veterinary Medicine. It consisted on wheat grain spawn pre-
pared in glass jars of 200 mL. Spawning was done at a rate of 5%,
corresponding to 50 g per kg of substrate. Inoculated substrates
were filled into perforated transparent polyethylene bags of
60 cm length and 40 cm width. Five holes of 20 mm diameter were
evenly made in the sides of the bags. Inoculated bags were
incubated in dark conditions at 23–25 �C until complete mycelial
colonization. The cropping chamber was moistened to a relative
humidity of 80–90%. At complete substrate colonization, fruiting
was induced by ventilation (to keep CO2 levels between 900 and
2300 ppm), reduction of room temperature to around 15 �C and
lighting.

2.4. Measurements

Spawn run initiation (SRI) was recorded as the time (in days
after spawning: DAS) when first white patches of growing myce-
lium were observed. Squares of 5 � 5 cm were drawn on bags
(prior to filling). The time when half of squares were covered by
mycelium was recorded as 50% mycelial colonization (50% MC).
The time to full colonization (100% MC) was recorded when all
squares became white. The surface mycelial density (SMD) corre-
sponded to the degree of mycelial colonization of the substrate.
It was evaluated at the time of full colonization by assigning (1)
to poor running growth, (2) to mycelium growing throughout the
bag but not uniformly white and (3) to mycelium growing
throughout the bag and uniformly white (Yang et al., 2013). Time
to pin head formation (PN) (DAS) was recorded for each mushroom
flush. Earliness was determined as the number of days between
spawning and harvest of first flush. Number of bunches (NB),
weight of bunches (WB), number of effective fruit bodies (NEFB)
and weight of effective fruit bodies (WEFB) were determined per
flush. Biological yield (BY) and economic yield (EY) were evaluated
per flush and in total. EY corresponded to the total weight of effec-
tive fruit bodies after removal of the base of stalks (Girmay et al.,
2016). Biological efficiency (BE) was calculated per treatment as
follows: total fresh weight of EFB (g)/initial dry weight of substrate
(g) � 100 (Oseni et al., 2012). Physical characteristics of mush-
rooms were evaluated per flush by measuring pileus diameter
(PD), pileus length (PL), stipe diameter (SD) and stipe length (SL),
on 10 representative samples, using a sliding caliper.



L. Naim et al. / Saudi Journal of Biological Sciences 27 (2020) 1573–1579 1575
2.5. Statistical analysis

Data analysis was performed using SPSS 25�. One-way ANOVA
and Duncan tests were applied. In addition, stepwise multiple
regression analysis was used to evaluate the relation between bio-
logical yield per flush (as dependent variable) and weight of effec-
tive fruit bodies, number of effective fruit bodies, stipe length, stipe
diameter, pileus length and pileus diameter (as predictors) with
95% level of confidence.
3. Results

3.1. Effect of nano-urea application once at spawning

Results of ANOVA showed that at the first flush, the effect of
treatment was statistically significant (p < 0.05) on averages of
NB, number of days to first harvest (earliness), NEFB, WB, WEFB,
BY, EY, PD, SL, PL and PD/SL. On the other hand, averages of remain-
ing indicators (SRI, 50% MC, 100% MC, SMD, PN and SD) were not
significantly affected by treatment. In all treatments, SRI started
at around 2 DAS, time to 50% MC ranged between 5 and 8 DAS,
time to 100% MC ranged between 8 and 10 DAS, and SMD was
around 3 (corresponding to mycelium growing throughout the
bag and uniformly white).

Findings in Table 2 showed that harvest of first flush in T00 was
earlier by around 5 days compared to T0. Application of nano-urea
at spawning has significantly delayed the time to harvest of first
flush compared to experimental control (T00) despite the concen-
tration applied. The product application with the lowest dose
(3 g/kg) resulted in the lowest NB and the highest WB per bag.
NEFB was significantly reduced following nano-urea application
at spawning compared to experimental control by 8.7 and 6.7 in
Table 2
Earliness and productive indicators at the first flush.

Treatment Earliness NB/bag WBg/bag

T0 40.0b 5.0b 131.9a

T00 35.3a 3.7a 177.3b

T1 C1t1 39.7b 1.7a 241.2c

T3 C2t1 38.7b 3.0ab 117.2a

NB: Number of bunches, WB: weight of bunches, NEFB: number of effective fruit bodies,
(Means within the same column followed by the same letters are not significantly diffe

Fig. 1. Physical characteristics of mushrooms at the first flush PD: Pileus diameter, SL: S
followed by the same letters, relative to each indicator, are not significantly different at
T1 and T3 respectively compared to T00). The application of
nano-urea with 5 g/kg resulted in significantly higher WEFB com-
pared to its application with 3 g/kg. Biological and economic yields
obtained at the first flush were significantly higher in commercial
control by 8.6 g and 40.4 g respectively compared to the experi-
mental control. In addition, BY and EY were significantly decreased
in treated substrates compared to both controls and despite the
concentration applied.

With respect to physical characteristics of mushrooms pro-
duced at the first flush (Fig. 1), PD was significantly lower in T00,
T1 and T3 compared to T0. On the other hand, SL was significantly
increased in T00, T1, and T3 compared to T0. PL was significantly
increased in T3 by 0.7 cm comparing to T1, and in both treatments
the increase was between 1.3 and 2 cm comparing to T00. The ratio
PD/SL was significantly lower in all treatments compared to com-
mercial control compared to T0).
3.2. Effect of nano-urea application on production of second and third
flush

ANOVA test showed a significant effect (p < 0.05) of the treat-
ment on all indicators assessed in the second and third flushes.
Three mushroom flushes were obtained in all treatments except
in T0 (2 flushes), T1 and T3 (4 flushes). The application of
nano-urea once with 3 g/kg (T1 and T2) has hastened the pin head
formation at second flush by 3–7 days, however it has delayed the
pin head formation with 5 g/kg (T4 and T3) by 6–8 days compared
to both controls. Double application of the product with 3 g/kg has
most significantly delayed the time to pin head formation at sec-
ond flush. Harvest of second flush was earlier when the product
was applied once with 3 g/kg compared to both controls (by
around 3 and 6 days in T1 and T2 compared to T0 and T00). Harvest
NEFB/bag WEFB/bag BYg/bag EYg/bag

14.7b 31.0b 438.2c 415.3c

20.0c 21.0a 429.6c 374.9b

11.3a 23.8a 299.4b 277.6a

13.3ab 29.2b 269.7a 263.2a

WEFB: weight of effective fruit bodies, BY: Biological yield and EY: economic yield.
rent at p < 0.05 according to Duncan’s multiple range test).

tipe length, PL: Pileus length and PD/SL: Pileus diameter/Stipe length ratio (Means
p < 0.05 according to Duncan’s multiple range test).
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of third flush was delayed in all treated substrates compared to T00

with the exception of T6. Overall, harvest of the three mushroom
flushes was the latest in T5 (Table 3).

The shortest periods between harvests of consecutive flushes
(Fig. 2) were obtained following double application of nano-urea
with 5 g/kg (T6), where the second flush had been harvested 9 days
after the first flush, and the third one had been harvested 6 days
after the second. Such treatment (T6) has shortened the period
between harvest of first and third flushes among all treatments
by 10, 15, 18, 17, 23 and 13 in T00, T1, T2, T3, T4, and T5
respectively).

At the second flush, NB was significantly lower or comparable in
treated substrates to that of commercial control, despite the timing
and the dose of application. However, WB was significantly
improved in T1, T2 and T3 (by 17.4%, 46.1%, and 38.6% respectively
compared to T0). At the third flush, NB was significantly higher in
T2 and T5 compared to the T00 by 3 and 5 bunches respectively. At
the same flush, WB was significantly higher in T3 and T6 compared
to T00 by 33.5 and 19.4 g respectively. Single application of nano-
urea has significantly increased NEFB at the second flush despite
the dose applied compared to T00. On the other hand, double appli-
cation of the product with 3 g/kg or 5 g/kg has significantly
increased WEFB at the same flush, by around 7 g compared to T0
and T00, despite the dose applied. Moreover, the lowest dose
applied after first flush (T2) or twice (T5) resulted in significantly
higher NEFB at the third flush, in comparison with remaining treat-
ments including T00. In general, WEFB was reduced with consecu-
tive flushes in all treatments except in T00 and T6 where it showed
an opposite trend (Table 4).
Table 3
Number of flushes, time to pin head formation and harvest in second and third flushes.

Treatment NF PN (DAS) flush 2 PN (DAS)

T0 2.0a 50.0b –
T00 3.0b 50.0b 61.0b

T1 C1t1 3.3b 47.0b 65.0c

T2 C1t2 3.0b 43.0a 64.0c

T3 C2t1 3.3b 58.7c 65.3c

T4 C2t2 3.0b 56.7c 75.0d

T5 C1t3 3.0b 67.0d 77.0d

T6 C2t3 3.0b 49.0b 55.3a

NF: Number of flushes, PN: time to pin head formation (Means within the same column
Duncan’s multiple range test).

Fig. 2. Periods between consecutive flushes (Means followed by the same letters of lowe
italic case (period between flush 1 and 3) relative to each treatment, are not significant
The effect of nano-urea on PD was the most significant with
double application of the product, mainly with 5 g/kg (T6),
which resulted in the highest values of this indicator at the sec-
ond flush and the third. At the second flush, there was a signif-
icant increase in PL following double application of the product
with both doses in comparison with control; in between, T5
increased significantly this parameter by 0.4 cm comparing to
T6. Single application after first flush T2 increased significantly
PL by 1 cm in comparison with T0 and 0.4 cm in T00. At the
third flush, the application of nano-urea has significantly
reduced both PD and PL compared to T00, except in T6. At the
second flush, SD was significantly increased in T1, T2 and T6
compared to T0. At the third flush, SD was significantly reduced
in all treatments compared to T00, except in T1 and T6. With
respect to SL, it was increased in all treatments at the second
flush compared to T0, except in T4 and T5. At the third flush,
SL was decreased in T4 and T6 compared to T00 (Table 5).

The ratio PD/SL (Fig. 3) was significantly increased at the second
flush compared to both controls following double application of
the product despite the dose of application. At the third flush,
PD/SL obtained in all treatments was significantly lower or compa-
rable to T00, with the lowest value in T4.

At the second flush, biological yield of T0 was significantly
higher than that of T00 by 48.3 g/bag. The application of nano-
urea with 5 g/kg at spawning (T3) has improved BY of the second
flush by around 10.3% and 25.6% respectively compared to T0 and
T00. Moreover, the application of the product with 3 g/kg at spawn-
ing (T1) or after first flush (T2), and with 5 g/kg at spawning (T3)
has significantly increased average economic yield of second flush
flush 3 Harvest (DAS) flush 2 Harvest (DAS) flush 3

54.7c –
54.0c 65.3b

51.0b 70.3c

48.3a 73.0c

64.3d 71.0c

62.0d 79.0d

71.7e 80.0d

53.3bc 59.7a

followed by the same letters are not significantly different at p < 0.05 according to

r case (period between flush 1 and 2), upper case (period between flush 2 and 3), or
ly different at p < 0.05 according to Duncan’s multiple range test).



Table 4
Number and weight of bunches and effective fruit bodies in second and third flush.

Treatment NB flush 2 NB flush 3 NEFB flush 2 NEFB flush 3 WB (g) flush 2 WB (g) flush 3 WEFB (g) flush 2 WEFB (g) flush 3

T0 5.0c – 14.0bc – 67.8b – 19.0b –
T00 3.3abc 3.0ab 9.0a 6.3b 74.9bc 51.2d 19.6b 33.4c

T1 C1t1 4.0bc 3.3b 12.7b 7.0b 82.1c 23.9a 21.1b 11.3a

T2 C1t2 2.0a 6.0c 13.0bc 13.0c 125.8e 25.1a 19.1b 10.2a

T3 C2t1 4.3bc 1.7a 16.0c 7.0b 110.5d 84.7f 18.8b 11.5a

T4 C2t2 4.7bc 2.0ab 12.3b 7.0b 40.5a 34.2b 13.3a 12.6a

T5 C1t3 4.0bc 8.0d 8.7a 15.0c 75.6bc 41.4c 25.9c 18.7b

T6 C2t3 3.0ab 2.0ab 9.0a 2.7a 50.0a 70.6e 25.6c 44.5d

NB: Number of bunches, WB: weight of bunches, NEFB: number of effective fruit bodies, WEFB: weight of effective fruit bodies.
(Means within the same column followed by the same letters are not significantly different at p < 0.05 according to Duncan’s multiple range test).

Table 5
Mushroom physical characteristics in second and third flush.

Treatment PD (cm) flush 2 PD (cm) flush 3 PL (cm) flush 2 PL (cm) flush 3 SD (cm) flush 2 SD (cm) flush 3 SL (cm) flush 2 SL (cm) flush 3

T0 7.7ab – 6.5a – 1.0a – 3.6a –
T00 7.8ab 12.2c 7.1b 8.5e 1.4bc 1.5c 5.4c 5.1b

T1 C1t1 7.5a 6.6a 6.4a 6.5b 2.0d 1.6c 5.2c 3.7a

T2 C1t2 8.4b 6.9a 7.5c 5.4a 1.5c 0.8a 5.8d 3.6a

T3 C2t1 8.1ab 6.4a 7.3bc 6.4b 1.2abc 0.9ab 6.1d 3.6a

T4 C2t2 7.4a 7.2ab 6.4a 7.8d 1.0a 1.0b 3.9a 5.0b

T5 C1t3 10.0c 7.9b 7.9d 7.0c 1.2ab 0.8a 3.7a 3.8a

T6 C2t3 11.2d 13.5d 7.5c 9.1f 1.5c 1.6c 4.6b 5.8c

PD: pileus diameter, PL: pileus length, SD: stipe diameter and SL: stipe length.
(Means within the same column followed by the same letters are not significantly different at p < 0.05 according to Duncan’s multiple range test).

Fig. 3. The ratio PD/SL in the second and third flush (Means followed by the same letters of lowercase (corresponding to flush 2) or uppercase (corresponding to flush 3) are
not significantly different at p < 0.05 according to Duncan’s multiple range test).
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compared to T00 (by around 14.8%, 20.2% and 31.1% respectively). A
significant improvement in BY of third flush was obtained follow-
ing the product application with 3 g/kg after the first flush and
twice compared to experimental control (improvement by
43 g/bag and 195.9 g/bag respectively in T2 and T5 compared to
T00). At the same flush, EY obtained in T2, T5 and T6 was also
increased by 45.0 g/bag, 167.9 g/bag and 18.3 g/bag compared to
experimental control. In general, biological yield was reduced with
consecutive flushes. However, double application of nano-urea
with 3 g/kg has caused an improvement of 38.5% in biological yield
of third flush compared to that of second flush. Values of total bio-
logical yield (TBY) were comparable in both controls. TBY obtained
in T5 was significantly higher than both controls. Similarly, total
economic yield (TEY) was superior in T5 compared to both controls
by 186.2 g/bag and by 162.5 g/bag in T0 and T00 respectively. TBY
in T6 was comparable to that of T00, but significantly higher than
that of T0. TEY obtained in the same treatment was significantly
higher than that of T0. The lowest TBY was in T4, where it was
reduced by around 24.5% compared to T0 and 32.0% compared to
T00. Biological efficiency in T5 was significantly higher than all
remaining treatments (Table 6).

From the results of stepwise multiple regression (Table 7), the
most explanatory models (highest coefficient of determination:
R2) obtained at first flush (model 2; R2 = 0.98), second flush (model
4, R 2 = 0.79), and third flush (model 4, R2 = 0.88) showed that the
biological yield was the most significantly affected by stipe length
of mushrooms. Specifically, the increase in stipe length caused a
decrease in biological yield (negative coefficient) at the first and
third flushes. These results reflect the possibility to use mushroom
physical characteristics, weight and number depending on the
flush in order to predict biological yield and consequently the
approximate economical income.



Table 6
Economic and biological yields and biological efficiency in second and third flushes.

Treatment BY (g/bag) flush 2 EY (g/bag) flush 2 BY (g/bag) flush 3 EY (g/bag) flush 3 Total BY (g/bag) Total EY (g/bag) BE (%)

T0 281.5d 252.5d – – 719.6bc 667.8bc 81.4bc

T00 233.2c 201.5c 136.8d 115.2c 799.5bcd 691.5bcd 90.0 cd

T1 C1t1 273.7d 236.6d 82.2b 72.4b 695.9b 625.6b 78.4b

T2 C1t2 288.4d 252.6d 180.2e 160.2e 771.9 cd 703.2 cd 86.9bcd

T3 C2t1 313.7e 292.4e 118.7c 78.6b 736.8bc 661.9bc 83.0bc

T4 C2t2 197.4b 173.8b 57.9a 51.9a 543.3a 479.7a 61.2a

T5 C1t3 204.3b 179.4b 332.7f 283.1f 973.4e 854.0e 109.6e

T6 C2t3 152.2a 132.8a 141.2d 133.5d 828.8d 743.9d 93.3d

BY: Biological yield and EY: Economic yield.
Means within the same column followed by the same letters are not significantly different at p < 0.05 according to Duncan’s multiple range test.

Table 7
Models obtained with stepwise regression between biological yield and mushroom number, weight and its physical characteristics.

predictive models predictors equation Corrected R2

flush 1 model 1 SL BY = �58.7 � SL + 768.1 0.84
model 2 SL, NEFB BY = �48.8 � SL + 8.75 � NEFB + 569.4 0.98

flush 2 model 1 NEFB BY = 13.4 � NEFB + 84.1 0.53
model 2 NEFB, SL BY = 11.7 � NEFB + 18.3 � SL + 16.6 0.61
model 3 NEFB, SL, PD BY = 8.7 � NEFB + 18.6 � SL-12.7 � PD + 159.7 0.68
model 4 NEFB, SL, PD, WEFB BY = 10 � NEFB + 15.6 � SL �29.1 � PD + 7.3 � WEFB + 151 0.79

flush 3 model 1 NEFB BY = 14.4 � NEFB + 30.5 0.48
model 2 NEFB, WEFB BY = 21.5 � NEFB + 4.3 � WEFB-116.6 0.78
model 3 NEFB, WEFB, SL BY = 18.5 � NEFB + 6.7 � WEFB-50.2 � SL + 79.7 0.84
model 4 NEFB, WEFB, SL, PD BY = 19.2 � NEFB + 13.4 � WEFB-39.9 � SL-33.3 � PD + 181.6 0.88

BY: biological yield, SL: stipe length, NEFB: number of effective fruit bodies, PD: pileus diameter, WEFB: weight of effective fruit bodies.
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4. Discussion

The first flush of mushroom was harvested at 35 DAS when
the substrate WS + SOS (1:1) was used. On similar substrate,
Pardo-Giménez et al. (2012) have obtained earliness at around
32 DAS. Biological and economic yield of P. ostreatus obtained from
wheat straw in the present study were higher than those reported
earlier by Girmay et al. (2016) on same mushroom species. Cueva
et al. (2017) proved a high dependency of biological efficiency on
C/N ratio, with best results obtained in a C/N range of 37:1–53:1.
In the current study, values of biological efficiency were compara-
ble in tested substrates although WS had higher C/N ratio (50:1)
than WS + SOS: 1:1 (43:1) (Table 1), which can be attributed to
the initially higher protein content in the second substrate.

The ability of the fungus to use a certain substrate depends on
its capacity to produce a lignocellulolytic enzyme complex
(Buswell et al., 1995) which includes oxidative enzymes (laccase
and manganese peroxidase), involved in lignin degradation
(Galliano et al., 1991), and hydrolytic enzymes (xylanase and cellu-
lase), involved in hemicellulose and cellulose degradation (Liguori
et al., 2015). Nitrogen source is a major factor that affects the
enzyme production by mushroom mycelium for biodegradation
of a certain substrate (Singh et al., 2008). Commanday and Macy
(1985) reported that ligninolytic activity in P. ostreatus is indeed
suppressed by excess substrate nitrogen. Kanhar et al. (2007) had
earlier reported an inhibition of spawn run resulting from the
application of 5 g/kg of urea, which contradicts findings of the pre-
sent study. Nano-urea did not as well affect the surface mycelial
density, contrarily to findings of Hoa and Wang (2015) with urea.
The yield decline with consecutive flushes could be due to either
depletion of nutrients or accumulation of toxic substances unfa-
vorable to fruiting. Most of nitrogen in the substrate is utilized
for mycelial growth, and at the time of fruit formation it becomes
inadequate and limits mushroom yield (Upadhyay et al., 2002). The
application of nano-urea with a high dose could have facilitated
nitrogen absorption by mycelium and hastened fruit formation at
consecutive flushes. Furthermore, number of bunches obtained in
treated substrates, once with both tested doses, was higher than
that reported by Kanhar et al. (2007) following the application of
urea with the same doses. Cap diameter resulting from nano-
urea treatment was lower than that obtained by Déo and Faustin
(2015) with 100 g of urea applied on different substrates. Accord-
ing to Synytsya et al. (2008) fruit bodies with larger pileus and
shorter stipes are better than that with smaller pileus and longer
stipes. They are more acceptable at the market. Mushroom
obtained after nano-urea was applied twice, had the highest
PD/SL ratio, which means that they were more marketable than
those obtained after nano-urea was applied only once.

5. Conclusion

The re-use of spent oyster substrate may provide a nutritious,
low-cost substrate with a potential to produce comparable yield
to that obtained in conventionally used wheat straw. Added
benefits may be acquired from such substrate when treated with
nano-urea, mostly twice during the production cycle. The current
study provided evidences on shortening in periods between con-
secutive flushes and improvement in biological yield, depending
on the applied dose of nano-urea, and looking back to the need
of confirmation in commercial production. Future studies
may investigate the effect of nano-urea applied at lower doses on
general performance of the mushroom.
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