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ABSTRACT

Substrate composition is one of the most important determinants of the growth and development of oyster mushroom.In this
study, the combined effects of chemical supplements including copper sulfate (100 ug/g D.M of substrate), ammonium
nitrate (150 ug/g D.M of substrate), magnesium nitrate (100 ug/g D.M of substrate) and biological supplementation of
rhizobium bacteria (108 bacterium per ml for one kilogram of spawn) and also, substrates of sawdust, wheat straw,
sugarcane bagasse, rice straw and olive-oil industry wastes and ratios from substrates, were studied for the cultivation of
mushroom. Nitrogen of fruit body in combined substrate of wheat straw with olive pomace and the non-combined substrate
of sawdust were 8.91 mg/100g D.W. and 2.6 mg/100g D.W. respectively. Also amount of riboflavin in combined substrate
of sugarcane bagasse with olive pomace and the non-combined substrate of sawdust were 4.9 mg/100g D.W.. and 1.4
mg/100g D.W.. respectively. Also, spawn run-stage was completed in 16.2 days in combined substrate of wheat straw with
olive-oil industry wastes. The results showed that total yield (total of three flush) of fruit body in combined substrate of
wheat straw and olive-oil industry wastes that enriched with chemical supplementation of ammonium nitrate and the non-
combined substrate of sawdust enriched with copper sulfate was 1862.35g and 840.90g respectively.Therefore, combined
substrate of wheat straw and olive-oil industry wastes that enriched with ammonium nitrate, is a suitable substrate for the
production of ostreatus mushrooms.

Keywords: Fruit body, industrial and agricultural wastes, nutritional value, rhizobium bactera.
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Table 1. Physical and chemical properties of culture substrates (percent of dry weight)
C

Substrates ASH LI

HC

N

H EC CIN
Characteristics (%) (%) (%) p (ds/im) (%) (%)
SD 9.12 31.00 18.17 5.50 1.98 40.00 0.55 72.72
WS 10.00 18.00 27.00 6.90 1.45 39.00 0.61 63.93
SB 5.50 19.13 16.12 6.10 1.66 39.00 0.59 66.10
RS 13.00 13.00 25.82 5.90 1.78 46.00 0.96 47.91
ow 4.00 15.12 18.23 5.82 1.93 38.00 0.87 43.67
SD+WS 9.21 28.60 16.11 6.11 1.02 47.11 0.91 51.76
SD+SB 9.67 29.20 15.29 5.81 121 45,51 0.88 51.71
SD+RS 10.21 32.15 17.08 5.45 143 51.72 0.86 60.13
SD+OW 9.78 27.21 14.77 6.77 1.80 40.22 0.77 52.23
WS+SB 10.02 19.78 31.88 6.34 1.87 39.11 0.58 67.43
WS+RS 9.12 18.11 29.77 5.88 1.23 42.52 0.66 64.42
WS+OW 8.19 19.55 31.23 5.23 1.36 28.85 0.84 34.34
SB+RS 8.66 21.88 24.23 6.24 1.16 30.51 0.78 39.11
SB+OW 5.72 20.21 21.75 5.78 1.64 31.72 0.88 36.04
RS+OW 6.43 19.66 20.33 6.76 2.02 29.45 1.10 26.77

0Bl L oyl S5 :SD+SB (paiS 1S L o)l S5 iSDHWS (g0 2589, mbie Dluls WO (Sas (8L :SB (puiS IS WS o lS1> :SD
L posS EISTWSHRS Sis (oSl b paiS (S IWSHSB ooy 5 65 00 g, aalie Olals b oS5 SDHWO gy (il b ol S5 [SDHRS «Sis
plo wluls b Ses (8L SBHWO sy (S L Sias wBL iSBHRS 505 625065, mbie Oluls b pasS oIS (WSHWO 5, S

N: nitrogen, C: carbon, EC: electrical conductivity, pH, C: cellulose, HC: hemicellulose, LI: lignin, ASH: ash.

05 S5 ey Sluld b min IS RSFWO (g (555 0,

S5 DUASH S L gl can THC (el 1S o S aSUl colaw (EC (0,5 1C (59,50 N

SD: Sawdust, WS: Wheat Straw, SB: Sugarcane Bagasse, WO: Olive-oil industry Wastes, SD+WS: Sawdust with Wheat Straw, SD+SB: Sawdust with
Sugarcane Bagasse, SD+RS: Sawdust with Rice Straw, SD+WO: Sawdust with Olive-oil industry Wastes, WS+SB: Wheat straw with Sugarcane
Bagasse, WS+RS: Wheat Straw with Rice Straw, WS+WO: Wheat Straw with Olive-oil industry Wastes, SB+RS: Sugarcane Bagasse with Rice Straw,

SB+WO: Sugarcane Bagasse with Olive-oil industry Wastes, RS+WO: Rice Straw with Olive-oil industry Wastes.
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Table 3. Analysis of variance for the effects of substrates and nutritional supplements on content of mineral elements
(mg/100g D.W) of ostreatus mushroom fruit body

Sources of variation df

Mean squares

N P K Ca Mg Zn Cu
Treatments 3.05ns 14.9™ 126.3 12.04™ 10.15" 5.3 0.002™
Substrates 14 5.95" 325117  654.52" 856.32™ 135.2" 14.58™ 121"
Supplements 3 408" 295.8" 852.3" 1123.017  165.30" 42.32" 2.017
Substrates x Supplements 52 20.11™ 368.5™ 356.32™ 523" 1562 13.25™ 1.02™
Experimental error 140 1.06 46.92 93.28 38.08 3.05 0.05 0.008
CV (%) 16.72 1.08 1.02 6.51 1.02 22.34 5.02

D)) 90 il mhaw jo o pixe Dglas o lo e gl gy

ns, *, **: non-significant and significant at 5 and 1% probability levels, respectively.
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Table 2. Means compariosions for the effects of substrates and nutritional supplements on content of mineral
elements of ostreatus mushroom fruit body

Treatments N P K Ca Mg Zn Cu
Characteristics
SD 2.6e 325.89 785.6e 62e 142.4d 1.4e 0.45¢ef
WS 5.6¢c 578.6e 921.7¢ 88d 155.5¢cd 2.52d 1.85b
SB 3.8de 356.89 810.4de 85d 145.5d 1.85e 0.90e
RS 5.31c 670.3b 800de 87d 158.3cd 2.22de 1.22¢c
\We} 6.6b 625.5¢ 910c 95.6b 154.5cd 3.45¢ 1.45¢c
SD+WS 6.6b 615.8cd 980.7b 90c 165.6¢ 2.75d 2.02b
SD+SB 5.8c 608.8d 995.4b 92.2c 154.6¢d 2.15de 2.03b
SD+RS 6.3b 672.8b 855.32d 88.6d 163.3c 2.85d 1.82b
Substrates  SD+WO 5.6¢ 689.4b 848.6d 95.6b 169.8¢c 3.54c 1.45¢
WS+SB 5.6c 698.8b 958.6b 92.8c 185.8b 3.82¢c 1.88b
WS+RS 7.2a 706.4a 967.4b 99.22b 187.2b 4.35b 2.35a
WS+WO 8.91a 710.6a 1100.7a 110a 191.6a 5.82a 1.05d
SB+RS 6.5b 625.2¢c 925.6¢c 88d 163.5¢ 3.58¢c 2.85a
SB+WO 6.6b 678.5b 965.8b 95.68b 179.8bc 4.82b 1.85b
RS+WO 7.3a 700.4a 1098.2a 112.5a 160.5d 5. 2ab 2.45a
Copper sulphate 4.3d 670.31b 899.8¢c 95.2bc 188.9b 2.85d 2.82a
Supplements  Ammonium nitrate 8.4a 705.2a 1100.5a 110.56a 189.5ab 5.76a 1.08d
Magnesium nitrate 6.4b 623.5¢ 967.8b 96.68b 195.8a 4.9b 1.90b
Rhizobiom 7.3a 700.47a 1035ab 109.15a 185.3b 5.5a 2.56a
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Means in each column followed by the same letter(s) are not significantly different at 5% probability level. Abbreviations are according to table 1.
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Table 4. Analysis of variance for the effects of substrates and nutritional supplements on moisture, antioxidant
capacity, fiber, fat and protein of ostreatus mushroom fruit body

Mean squares

Sources of variation df Moisture Antioxidant Total Total Total
Flush 1 Flush 2 Flush 3 capacity fiber fat protein
Treatments 2 32.5™ 25.8™ 53.57 87.9™ 581.2"™ 213.50™ 152.2ns
Substrates 14 78227  156.9™  5638.3" 286.3" 124.2™ 65.30" 102.93”
Supplements 3 152.9™  2459™  856.34™ 156.8™ 524.6™ 523.80" 199.72"
Substrates x Supplements 52 799.35™  2031.5™  4023.85™ 3427.9" 5461.2"  30245.70™  17613.3ns
Experimental error 140 62.86 87.4 99.3 1.2 0.94 0.15 1.48
CV (%) 8.7 10.46 11.38 10.37 2.63 13.54 7.71

eo0) 90 il mhaw jo jlo pixe Dglas lo g gl g

ns, *, **: non-significant and significant at 5 and 1% probability levels, respectively.
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Table 5. Analysis of variance for the effects of substrates and nutritional supplements on some of amino acids, sugars
and vitamins of ostreatus mushroom fruit body

Mean squares

Sources of variation df Amino acids Sugars Vitamins

Lysine  Tryptophan Leucine Glucose Sucrose Mannitol Thiamine Riboflavin Folic acid  Orgstrol
Treatments 2 10420  152.1™ 63.5™ 512™ 104.5™ 481™ 32.2" 15.8™ 42.8™ 258.20™
Substrates 14 5237 623" 569 6537 41527 41523 185" 425" 1.7 134.70™
Supplements 3 856" 52.9" 47.3" 13265 745" 2356 36.2" 62.8" 42.9™ 174.20"
Substrates x Supplements 52 4021.3™ 30.25™ 2031.6™ 6352.31"™ 2852.5™ 8364.2"™  325.8™ 2451.8™ 8531.7"  13421.90™
Experimental error 140  0.52 0.64 1.23 0.6 0.54 1.02 0.61 0.07 0.08 8.6
CV (%) 7.49 10.84 9.19 7.03 12.54 8.92 32.14 9.83 1.73 0.83

o) 50 Jleiml mhaw (o lo cixe @gldd )0 gine Dglds yguy e kNS

ns, *, **: non-significant and significant at 5 and 1% probability levels, respectively.
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Table 6. Comparison of means for the effects of substrates and nutritional supplements on moisture, fiber, fat, Protein
and amino acids of ostreatus mushroom fruit body

Treatments Moisture (%) Total fiber Total fat Total protein (%) Lysine Tryptophan Leucine
Characteristics Flush1 Flush?2 Flush3 (mg/100g D.M) (g/100g D.M) (mg/g D.M)
SD 895° 87.2° 86.03° 32.057 0.32f 10.95¢ 8.2° 4,457 8.257
WS 93.3*  91.5* 89.5® 35.50° 2.5¢ 18.83a 10.5® 8.82% 13.5°
SB 90.2° 89.3° 875" 33.20° 0.8e 15.76b 7.1° 4.22° 6.2°
RS 9222 90.4°  89.5® 35.12° 2.61c 14.45b 9.8° 6.02° 12.22%
WO 90.15° 89.5° 87.5° 37.54" 2.9¢ 14.02b 9.4° 7.23° 14.8°
SD+WS 925 905® 885" 35.05° 2.6¢ 15.76b 9.6° 8.52% 12,22
SD+SB 90.18° 885 86.6™ 33.85¢ 1.8d 16.64b 7.2¢ 4.02¢ 10.18°
Substrates  SD+RS 89.12° 86.03° 85.7° 32.45° 2.1¢ 10.07c 8.1° 4.82° 9.12¢
SD+WO 88.5°  86.2° 85.7° 35.21° 2.2¢ 14.89b 9.2° 6.4° 10.5°
WS+SB 90.2° 89.5° 875" 36.5™ 2.2¢ 15.76b 10.1* 8.88% 11.82"
WS+RS 90.6° 89.3° g87.5° 38.9° 3.8b 18.3% 10.5® 8.35% 13.15°
WS+WO 935°  922%  90.5° 42,08 4.5a 17.95a 11.5% 9.92* 16.5%
SB+RS 90.2° 889" 854° 37.14™ 3.6b 18.83a 9.4° 8.05% 12.5
SB+WO 90.1° 88.8™ 86.03" 38.54° 3.9b 17.95a 10.5® 8.82% 13.8°
RS+WO 945°  91.8®  90.8* 41.5° 4.2a 14.89b 11.22 9.82? 15.89°
Copper sulphate 90.9° 86.3° 85.6° 33,037 1.85d 10.07c 8.3° 6.08° 8.37
Supnlements Ammonium nitrate 88.5° 87.3¢ 85.2° 42570 4.5a 21.02a 11.6° 9.82° 16.3°
PP Magnesium nitrate ~ 92.5°  89.5°  87.5° 38.05° 3.94b 14.02b 9.5° 7.9° 10.5°
Rhizobiom 945°  952°  90.8° 42.15° 4.2a 19.27a 11.42 8.22% 13.5°
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Means in each column followed by the same letter(s) are not significantly different at 5% probability level. Abbreviations are according to table 1.
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Table 7. Comparison of means for the effects of substrates and nutritional supplements on sugars and vitamins of
ostreatus mushroom fruit body

Treatments  Sugars (mg/g D.M) Vitamins (mg/100g D.M)

Characteristics Glucose  Sucrose  Mannitol [ Thiamine  Riboflavin  Folicacid  Orgstrol
SD 9.09d 0.02f 8.05d 0.6e 14e 425.8f 300.45d

WS 10.5¢ 1.6de 9.53cd 2.2c 1.5e 435.95¢f 328.5¢c

SB 9.25d 0.9e 8.20d 0.99¢ 1.8de 443.05¢f 309.90d
RS 10.09¢ 1.08de 10.22c 2.1c 1.6de 468.18ef 317.33cd

WO 11.2bc 2.9d 10.65¢ 2.2c 2.1d 498.95e 346.65b

SD+WS 10.5¢ 2.8d 9.23cd 1.6d 2.6cd 498.05e 328.5¢c
SD+SB 9.2d 1.2de 8.6d 1.6d 1.8de 438.35¢f 317.35cd

Substrates SD+RS 10.02c 2.6d 9.13cd 1.4d 2.1d 552.95d 324.82c
SD+WO 11.8bc 5.3c 9.25cd 2.6b 2.2d 585.13¢c 342.25b

WS+SB 10.2c 4.3c 10.52¢ 2.8b 2.3d 541.28d 359.55b
WS+RS 12.5b 9.8b 14.13b 2.7b 2.8cd 610.9b 385.25ab

WS+WO 13.28a 11.2a 16.15a 3.8a 3.1c 675.9a 400.2a

SB+RS 10.5¢ 7.8bc 12.22hc 2.7 2.6cd 580.98c 328.05¢c
SB+WO 12.03b 9.2b 14.25b 3.3a 4.9a 620.45b 382.85ab

RS+WO 12.85a 11.8a 16.20a 3.4a 3.8b 660.85a 409.5a
Copper sulphate 9.23d 6.8¢c 8.13d 2.1c 1.8de 546.18d 316.05¢cd

Supplements Ammon_ium n_itrate 13.32a 11.6a 16.32a 3.8a 4.8a 669.75a 402.82a
Magnesium nitrate 11.8hc 9.04b 10.18c 2.8b 3.8b 589.98¢c 365.25b

Rhizobiom 12.87a 11.47a 14.22b 3.6a 4.2ab 600.35b 400.22a
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Means in each column followed by the same letter(s) are not significantly different at 5% probability level. Abbreviations are according to table 1.
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Table 8. Analysis of variance for the effects of substrates and nutritional supplements on spawnrun, pinhead
formation, fruit body formation, yield and biological efficiency of ostreatus mushroom fruit body

Mean squares
- . . Yield
ources of Variation df Pinhead Fruit body - - . N -
Spawnrun formation formation ;z:; Siﬁ?s%d- ‘I;m;ﬂ Total yield Biologicalefficiency

Treatment 2 85.2™ 413" 152.8" 12.2"® 54.9™ 243" 315™ 55.20™
Substrates 14 2357 4337 24525 9321.37 542.37 856.9" 9542.2" 42123+
Supplements 3 6537 56.8” 61.7 9625~ 975.3" 562.27 9854.7" 598.84
Substrates x Supplements 52 123.8™ 1235™ 2341.6™ 96522 532197 35472127 65231.7" 20158.32™
Experimental error 140 0.25 125 2.06 985.03 897.8 825.18 65.05 389.7
CV (%) 2.79 3.26 3.83 5.60 5.79 14.49 7.27 7.85
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ns, *, **: non-significant and significant at 5 and 1% probability levels, respectively.
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Table 9. Comparison of means for the effects of substrates and nutritional supplements on spawnrun, pinhead
formation, fruit body formation, yield and biological efficiency of ostreatus mushroom fruit body

Treatment ~ Spawnrun Pinhead formation Fruit body formation Biologicalefficiency
Characteristics (day) (day) (day) (%)
SD 19.5ab 35.9a 39.5a 16.81f
WS 18.31b 33.5¢ 35.8¢c 19.24de
SB 21.6a 35.2a 39.8a 18.17def
RS 19.25ab 34.8b 36.5b 18.9.0def
WO 17.25b 35.4a 39.5a 19.57de
SD+WS 17.6b 33.6¢c 38a 25.80bc
SD+SB 16.8¢c 34.2b 37a 20.69d
Substrates SD+RS 17.31b 34.2b 36b 21.61cd
SD+WO 16.4c 35.2a 39.5a 24.43c
WS+SB 18.6b 33.2¢c 36.5b 28.42b
WS+RS 18.2b 33.5¢c 35¢c 32.24ab
WS+WO 16.2c 32.5¢ 36b 35a
SB+RS 18.8b 35.8a 39.5a 22.62c
SB+WO 16.6¢ 35.6a 39.5a 28.26b
RS+WO 16.4c 33.2c 35.8¢c 33.18ab
Copper sulphate 21.3a 35.5a 39.5a 21.22cd
Ammonium nitrate 15.2¢c 32.5¢c 35.8¢c 35.28a
Supplements Magnesium nitrate 18.8b 33.8¢c 37a 26.08bc
Rhizobiom 16.4c 34b 35¢c 29.72b
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Table 10. Comparison of means for the effects of substrates and nutritional supplements on antioxidant capacity and
yield of ostreatus mushroom fruit body

Treatments Antioxidant Yield(g) Total Yield
Characteristics capacity (%) First-flush Second-flush — Third-flush 9)
SD 8.00° 20959 365.6" 65.87 840.99
WS 9.35° 426.3° 4155¢ 120.5% 962.38'
SB 8.25¢ 4105 400.02 98.24° 908.76"
RS 9.25¢ 42439 4105¢ 110.35¢ 945.1"
WO 10.13° 435.69 428.25° 115.13 978.9¢
SD+WS 9.52° 565.53° 539.5° 185.25" 1290.28°
SD+SB 9.02 475.22 438.7 1206 103452
Copper sulphate  gpy, g 9.35¢ 522.12% 452,05° 106.52° 1080.69°
SD+WO 11.07° 538.25¢ 485.2° 198.35° 1221.8°
WS+SB 10.1° 615.22° 584.8° 220.30 1420.30°
WS+RS 11.56° 700.15° 620.21% 292.15° 1612.5°
WS+WO 13.24° 730.4° 690.45 332.08° 1753.83"
SB+RS 10.02° 516.15® 480.9° 135.54%" 1132.59°
SB+WO 11.85° 580.18° 565.75° 258.24% 1413.17°
RS+WO 12.98° 709.9° 638.98™ 310.29° 1659.17°
SD 8357 436.6g 40587 69.087 912.42"
WS 10.1° 44539 438.5° 80.6' 964.4'
SB 8.32° 432.8° 413.02¢ 85.30" 930.15'
RS 9.58° 442130 400.5¢ 84.87' 927.63'
WO 11.03° 489.5° 458.35° 87.58" 1035.50¢
SD+WS 10.12° 585.12° 5415° 158.25% 1284.92°
SD+SB 9.23¢ 492.28° 438.3° 92.6% 1023.18%
Ammonium nitrate  SD+RS 9.57¢ 532.12% 522.85% 123.42% 11785
SD+WO 11.22° 552.12% 532.2° 168.42% 125274
WS+SB 10.8° 632.31 556.3° 158.63% 1347.15°
WS+RS 12.16® 692.15° 635.21" 358,50 1686.59°
WS+WO 13.85° 752.95° 733.45° 375.98° 1862.35°
SB+RS 10.64° 532.10° 520.9% 120.54% 1173554°
SB+WO 12.35% 602.18™ 585.35° 165.24° 1354.24°
RS+WO 13.28° 725.33 628.98™ 198.98° 1570.98°
SD 8157 422.3° 388.9" 72.147 883.23"
WS 9.42° 436.6" 4128 85.39' 934.75'
SB 8.32° 4125 393.02" 89.48" 894.36'
RS 9.34° 44839 420.5° 88.22" 956.15"
WO 10.42° 448.6" 428.25° 92.25¢ 968.12°
SD+WS 9.84° 602.25" 582.9° 169.32° 1354.47°
- SD+SB 9.22 472.14 4387 99.4 101035
Magnesium nitrate gy, pg 9.63° 532.18% 512.05% 149.69° 1104.42°
SD+WO 11.37° 560.42° 528.0% 175.66° 1264.32°
WS+SB 10.31° 625.31™ 598.8° 168.82° 1393.85™
WS+RS 11.82° 697.12° 642.21™ 188.67° 1528.56™
WS+WO 13.14° 708.82° 675.95° 217.19% 1601.84°
SB+RS 10.22° 528.15° 480.9% 131.24% 1140.95°
SB+WO 12.25® 609.98™ 582.75° 172.32° 1365.71°
RS+WO 13.05° 632.33> 598.98° 198.98° 1430.55
SD 81" 4205 408,57 75.087 903.47"
WS 9.52¢ 44439 4255° 85.35' 955.15"
SB 8.32° 462.5' 433.02° 89.47" 984.25"
RS 9.38° 436.87" 400.9° 72.36 910.22"
WO 10.35° 462.8' 428.25° 93.25¢ 985.85°
SD+WS 9.85° 572.53° 518.5% 172.87° 1263.32°
Rhizobiom SD+SB 9.15° 497.34° 439.6° 102.5° 1039.52%
SD+RS 9.45° 528.22% 492 35° 148.86% 1169.41%
SD+WO 11.21° 588.25° 485.2° 192.87% 1266.38°
WS+SB 10.9° 625,20 548.9° 188.12¢ 1363.84™
WS+RS 11.64° 695.55° 630.21% 245.96° 1571.82°
WS+WO 13.36° 718.25 699.45° 369.89° 1787.38°
SB+RS 10.15° 514.15° 489.3° 129.72¢ 1133.95°
SB+WO 12.30% 589.18° 525.95% 178.19° 1293.37°
RS+WO 13.18° 612.63> 598.98° 208.22% 1420.87™
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Means in each column followed by the same letter(s) are not significantly different at 5% probability level. Abbreviations are according to table 1.
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