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Article Info ABSTRACT
Article type: Background and Objectives: Selection a suitable substrate and also
Full Length Research Paper  considering the replacement of other inexpensive agro-wastes instead of
valuable wood chips is one of the most important points that should be
Article history: consid_ered in the culltivation and productiqn of me@ic!nal mushrooms.
Received: 01.27.2021 Sglectlng t_he appropriate su_bstrate for fungi and equchlng thg substrgte
Revised: 02.15.2021 with organic supplements widely affects the production of fruiting bodies
Accepted: 02.18.2021 and the medicinal value of fungi. The aim of this study was to replace
inexpensive lignocellulosic compounds with wood chips and to select
organic supplements to enrich the culture medium of Ganoderma

Keywords: aplanatum.

Antioxidant capacity,

Biological efficiency, Materials and Methods: This research was carried out in a cultivation hall
Il:?t’rgi:gz:&il:;er’ equipped with temperature, humidity and light control devices at Zabol

University and conducted as a two-way factorial based on a completely
randomized design with three replicates. Experimental treatments included
10 types of wood chip base substrates (sawdust): beech tree, oak wood
chips, hornbeam wood chips, poplar wood chips, eucalyptus wood chips,
tamarisk wood chips, vine sawdust (pruned stems), date palm sawdust,
date palm leaf sawdust and sugarcane bagasse. Also, as the second factor,
10% of nitrogenous organic supplements including wheat bran, rice bran,
cotton meal and olive pomace were added to each of the main substrates.

Total polysaccharide

Results: The results of this study showed that the highest yield (145.5 gr),
total dry matter (36.8 gr), fruit body protein (27.15 mg/100g D.M), ash
(4.97%), Nitrogen (4.38 mg/100g D.M) and total polysaccharide (14.35
mg/g D.M) were related to the combined substrate of oak wood chips with
wheat bran supplementation. The highest amount of fungal water (85.16%)
was related to the substrate of eucalyptus wood chips and the highest
biological efficiency (19.71%) was related to the combined substrate of oak
wood chips with olive pomace. The highest potassium (299 mg / 100 g dry
matter), calcium (11.73 mg / 100 g dry matter) and antioxidant capacity
(54.25%) were recorded for oak wood chips substrate. The results also
showed that in the oak wood chip substrate the shortest time in terms of

AD



mailto:behnazyousefshahi@Gmail.com
mailto:drhorticul@uoz.ac.ir
mailto:zarrabi@ENG.ikiu.ac.ir

spawn running time (29.40 days), the shortest time for pinhead formation
time (43.13 days) and in the hornbeam wood chip substrate the lowest time
registered for precocity (70.26 days).

Conclusion: Although the wood chip substrate, especially oak was
reported as a suitable substrate for growing Ganoderma applanatum, but
easy access and lower cost of other agricultural and industrial
lignocellulosic wastes make them a suitable alternative. According to the
results of this study, the use of combined substrates and organic
supplements in the cultivation and production of medicinal fungi,
especially Ganoderma applanatum, is recommended.
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Fig. 1. Production of medicinal mushroom Ganoderma applanatum at Zabol University.
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Table 4. Comparison of the mean effects of substrate on spawn running time, pinhead formation time and
precocity times of Ganoderma applanatum.

b Silee
Means
oo Ol P0m o Ol Slosamiy 043 oS Ol LS
Precocity Times (day) Pinhead Formation Times (day) Spawn Running Times (day) Substrate
70.46 43.13° 29.40f s1
70.26 © 44.13° 30.13° S2
71.80° 44.40 30.46 © S3
74.46° 4520 ® 31.86 ¢ S4
75.93%® 4553° 33.40°¢ S5
76.53° 46.13° 35.26° S6
77.60° 46.00° 37.00° s7
76.60 46.13° 36.60 ° S8
76.93° 46.26 ° 36.60 ° S9
76.86° 46.26° 37.13° S10
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* Values (means) within each column followed by the same letter(s) are not significantly different at P < 0.05
according to Duncan's test. The coding of substrates is shown in Table 1.
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Table 5. Comparison of the mean effects of supplements on spawn running time, pinhead formation time and
precocity times of Ganoderma applanatum.

b o Sils

Means

a0 0L SA3om fort Ok

Precocity Times (day)

Pinhead Formation Times (day)

;5';‘)34?"‘1 Ol J.Als Ol

Spawn Running Times (day)

s

Supplements

73.80 44.43°
73.30°¢ 44.06°
74.00 44.46°
74.66° 44.40°
77.96° 49.23%

32.26° M1
32.36° M2
32.60° M3
3253° M4
39.16 ° M5
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* Values (means) within each column followed by the same letter(s) are not significantly different at P<0.05
according to Duncan's test. M1: Wheat bran (90% main substrate plus 10% organic supplement) M2: Rice bran (90%
main substrate plus 10% organic supplement) M3: Cotton meal (90% main substrate plus 10% organic supplement)
M4: Olive pomace (90% main substrate plus 10% organic supplement) M5: No supplement (100% main substrate)
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Table 6. Comparison of the mean effects of substrate on potassium, calcium and antioxidant capacity of
Ganoderma applanatum.

b Silee
Means
e S =ty LS e
Antioxidant capacity (%) Calcium (mg/100g D.M) Potassium (mg/100g D.M) Substrates
54,252 11732 299.00 s1
51.58° 10.60° 285.40 ° S2
51.22° 10.38"° 282.73 ™ S3
51.15° 9.30¢ 280.86 S4
50.30 8.36 ¢ 293.00 S5
49.83 " 8.47¢ 290.00 2 S6
49.30 ™ 7.29°¢ 273.80 ¢ S7
48.54 6.86° 277.46 % S8
46.72 ¢ 7.31°¢ 277.73% S9
43.56 ¢ 6.84 ¢ 273.80 ¢ S10

L i (SIS L5I0 PSe/00 o 3 (g3 e Ml ailiin g b O 53 STl O30 5l eslizad b (o, Kle) oslis ™

NGO WPy Pt DU B PR E

* Values (means) within each column followed by the same letter(s) are not significantly different at P < 0.05
according to Duncan's test. The coding of substrates is shown in Table 1.
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Table 7. Comparison of the mean effects of supplement on potassium, calcium and antioxidant capacity of
Ganoderma applanatum.

s Sle
Means
R UV lS S Josa
Antioxidant capacity (%) Calcium (mg/100g D.M) Potassium (mg/100g D.M) Supplement
52.62° 10.17° 286.83 2 M1
52.47% 9.86 % 282.16° M2
51.21 % 9.34 281.53° M3
50.62° 9.00° 280.96° M4
41.31° 5.21¢ 27053 ¢ M5

s ML 516 P<a/00 Ch“ﬁ Gols s Ol alie g L Ot jo 5 (Shs Q)nﬂ Sheslaad L (Lasu,:il:.a) ol
(JT (}& Loy \» A))J\.&ﬂ\.j JJ\ o] Aoy Q') C'J.v [l real M2 <L;I J.e)/\.a Aoy o a))&&A..r ‘;J.a\ P Loy ﬂ-) €J\.\§
oo Ao Ve edleas ol i sy 40) O J M4 (;,j Joo dzys Voo dleay Lol ey ds s A0 Whsazy M3
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* Values (means) within each column followed by the same letter(s) are not significantly different at P<0.05
according to Duncan's test. M1: Wheat bran (90% main substrate plus 10% organic supplement) M2: Rice bran (90%
main substrate plus 10% organic supplement) M3: Cotton meal (90% main substrate plus 10% organic supplement)
M4: Olive pomace (90% main substrate plus 10% organic supplement) M5: No supplement (100% main substrate)
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Table 8. Comparison of the means substrate and supplement interactions substrate on fruiting bodies yield,
total dry matter, fruiting bodies protein, water, ash and biological efficiency of Ganoderma applanatum.

e SSls
Means
e Sl ol 50 S osle el s Shee JoSs LS s
ST LD S o Fruiting bodies s oy Supplement  Substrate
Biological Ash (% W o . L
efficiency (%) sh (%) ater (%) protein Total Dry  Fruiting bodies
(Mg/100gD.M)  Matter (gr)  yield (gr)
19.71 % 4.97° 63.10 27.15° 36.80° 14550 ° M1
19.93 ¢ 482% 63.80 % 26.57° 36.062 144,332 M2
21.04 ¢ 4.26 %" 66.93 W 26.472 32.93°f 138.96 M3 s1
23.832 3.94¢" 71.56 " 25,37 @ 28.33 11 135.50 ¢ M4
17.481° 2,59 ™" 75.10 9k 0.85' 24.80 °* 87.101 M5
20.19 " 495° 64.80 ™* 26.49° 3510%® 142.20 ® M1
20.70 >9 4561 66.56 " 24.98 % 33.26 "¢ 138.40 #¢ M2
21.18"¢ 439%¢ 67.56 *V 21.28 % 32.33°°9 137.33 #¢ M3 32
21.76 ™4 423" 70.20 P 19.22 ¢9 29.73 M 129.70 ¢f M4
16.95 ' 2.64 ™4 75.23 9 9.69' 24.637° 83.66 M5
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Continue Table 8.
b oSle
Means
Slogee oll 5 S esle gl 2 Ses s A
3 2D sl o A ‘ Supplement  Substrate
E_,i(_)IogicaI Ash (%) Water (%) Frmgpogteti)gdles T - i 6 - i
efficiency (%) otal Dry  Fruiting bodies
(mg/100g D.M) Matter (gr) yield (gr)
20.76 " 482% 65.96 ™ 2521 33.93% 141.26*° M1
20.65 "9 473%° 66.86 " 20.00 33.03°° 136.73 ¢ M2
21724 433°" 68.53 21.08 % 31.36 * 136.73 *¢ M3 s3
22.11%°¢ 4.21 % 68.93 7 17.73 7% 30.96 ° 137.36 ¢ M4
14.65°%" 2.65 ™4 71.46 " 9.23' 28.46 83.53 i M5
19.27 % 474%¢ 66.03 W 2230 33.86 ™ 130.86 >¢ M1
20.59 79 4.36°" 68.23™ 18.12 7% 31.66 4" 130.86 "* M2
2150 "¢ 391" 69.16 7° 18.60 30.76 ¢ 132,50 *¢ M3 sS4
22.15°%°¢ 3.56 "] 71.36 "-p 16.74 28.50 126.80 ¢° M4
16.47 ™ 2.61™" 75.66 91 0.30' 24237 80.13 1 M5
18.68 ™! 423%F 67.96 * 23.76 ™ 31.93 ¢ 119.66 9 M1
19.57 ¢ 435°" 69.06 ° 22,73 30.86 121.10 *¢ M2
20.32°" 436°f 70.46 9 23.56 29.43 ¢ 120.03 *¢ M3 S5
2204 % 3769 73.76 1™ 18.60 26.13™° 116.40 ¢ M4
14.84 251™° 76.33 7" 9.15' 23.56 69.76 " M5
20.25 " 3719 70.63 19.63 ¢ 29.30 119.06 M1
20.21°" 430°" 70.53 °¢ 18.33 11 29.40 " 119.23 1 M2
21.17"%¢ 431°" 72.40° 19.01¢" 27.50 " 116.86 9 M3 S6
19.63 1 4.15%°9 7410 18.35 "1 25.80 " 101.70" M4
15.00 ¢V 2.74 ™ 75.00 9% 913" 24.90 °* 75.13 %™ M5
18.59 ™ 423" 71.80 ™" 19.63 ¢ 28.13 1™ 104.86" M1
18.52 9™ 420%f 72.46 ' 16.84 % 27.43 k" 101.96 " M2
17.87"" 3.74"¢ 73.00 " 16.12 26.90"° 96.56 N M3 s7
17.40 291" 75.80 971 15.70 ¥ 24,107 84.30 M3
1367 2.35%° 79.70 8.94! 20.16 ™ 55.43 7" M5
17.26 %7 3217 74.43" 20.04 ¢ 25.46 " 88.13 M1
18.18 ™" 3437 75.46 91 19.40 ¢ 24,437 89.33 i M2
16.90 ' 3377k 76.46 " 19.36 ¢ 2343 79.56 1 M3 S8
15.44 2.88"" 78.13 ¢ 16.40 7% 21.76 %Y 67.66™° M4
14.36 2277 80.00 © 8.74! 19.86 ™ 57.53 7" M5
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Continue Table 8.

Lo Slee
Means
s ] Sl gl sy S el Pl 3 Shos . Jf“ “S‘“;S s
) S <! Fruiting bodies Js Slo g pplement ubstrate
Biological Ash (%)  Water (%) protein Total Dry  Fruiting bodies
efficiency (%) (mg/100g D.M) Matter (gr) yield (gr)
15.56 °¢ 3.03km 74.56 % 19.22 9 25.33°° 79.06 1 M1
15.29 2.74"° 76.16 16.74 % 23.73 9 72.86 k™ M2
16.10 "t 2.86"" 76.73 ¢9 19.22 &9 23.16 5! 75.03 %™ M3 39
14,72 248" 78.43 % 15.70 ¥ 21.46 % 63.93™° M4
13.14" 2287 81.56 ™ 8.68' 18.36 ™ 48.20" M5
15.32 %" 2.63 ™ 79.10 ¢ 19.42 20.80" 64.00 ™" M1
15.29 250" 79.90 ¢ 17.98 7% 20.00 "™ 61.50 " M2
15.24°" 216" 82.80° 16.49 17.06 % 52.43 9% M3 S10
17.34 %P 2.07° 84.90 16.12 15.00Y 52.10 % M4
14,23 211° 85.16 ° 8.43' 14.70Y 42.16° M5

Lo iy (OIS US I P /00 mdas 53 (g5l e Bl wliie Bs > L gt o 3 STl O3l ) estinad b (L k) slis ™
Ao 3 Ar) o5 e e M2 (JI JoKe do 3 Ve o dleay ool ny a5 40) r.kf e MLl s ool 2led Y Jsd s
O s M4 (T JoSo o Ve edeas Lol n ws)s 40) abbeyy s M3 (WM Joe do s Ve e dleny ol

(ko) s Ao s \~~)J.«.<.«Q)JJ. ‘M5 (JTJ.Q(,: doys Ve o dlews Lol i ds s 4)
* Values (means) within each column followed by the same letter(s) are not significantly different at P < 0.05
according to Duncan's test. The coding of substrates is shown in Table 1. M1: Wheat bran (90% main substrate plus

10% organic supplement) M2: Rice bran (90% main substrate plus 10% organic supplement) M3: Cotton meal (90%
main substrate plus 10% organic supplement) M4: Olive pomace (90% main substrate plus 10% organic supplement)

M5: No supplement (100% main substrate)

NI Lps sl 2,6 JS sl 5 05558 » JoSa 5 S8 ey flite O S 5Kl s 4 Jgtx
Table 9. Comparison of the means substrate and supplement interactions on nitrogen and total polysaccharide

of Ganoderma applanatum.

LSSl
Means JoSe SIS
JS kL O Supplement Substrate
Total polysaccharide (mg/g D.M) Nitrogen (mg/100g D.M)
14.35° 438° M1
14.00® 4.28° M2
13.83%° 427*° M3 S1
13.40*° 4.09® M4
9.90'™ 1.59' M5
13.70%° 4.27% M1
13.57 *¢ 4.03% M2
12.90 "¢ 3.43% M3 S2
1353 ¢ 3.10°° M4
953" 156" M5

VoF


https://link.springer.com/article/10.1007/s40093-016-0138-2
https://link.springer.com/article/10.1007/s40093-016-0138-2
https://link.springer.com/article/10.1007/s40093-016-0138-2
https://link.springer.com/article/10.1007/s40093-016-0138-2

O Kod g (25 Jasloww! 9,51 dodwo [ oo dlan aded (5l (65,9LiS Silayls 51 aalawl

N PRSPWN

Continue Table 9.

bagSibee
Means o S A
55 L S Supplement Substrate
Total polysaccharide (mg/g D.M) Nitrogen (mg/100g D.M)
13.10 " 4.06® M1
12.80 ¢¢ 3.22°¢ M2
12.90 " 3.40 % M3 s3
12.93 "9 2.86 7 M4
9.46'" 1.49' M5
12.86 ¢ 3.60 M1
12.16 11 2921k M2
11.8397 3.00 M3 s4
11.90 91 270"k M4
9.56"" 150" M5
12.46 %" 3.83" M1
12,03 3.66 M2
11.66 " 380" M3 S5
11.63 " 3.00" M4
9.66 '™ 1.47" M5
1230 ¢ 3.16° M1
12,137 2951 M2
11.50 " 3.06°" M3 S6
11.53 M 296" M4
10.00"™ 1.47" M5
11.56 ™I 3.16° M1
11.53 ™ 271"k M2
11.60 ™I 2.60 M3 S7
11.36 "% 253k M4
10.334 1.44" M5
11.63™ 3.23°f M1
11.56 ™I 3.13° M2
11.53 ™ 3.12°¢f M3 S8
11.53 M 2647 M4
9.10™ 141" M5

Vo0
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Continue Table 9.

b oSSl
Means L .
Js sl L I Supplement Substrate
Total polysaccharide (mg/g D.M) Nitrogen (mg/100g D.M)
11.60 ™ 3109 M1
11.30 " 270" M2
11.33 " 3109 M3 So
11.63" 2 53k M4
8.73" 1.40' M5
11.56 " 313 ML
11.53"1 2.90 7 M2
11.26 ™ 2.66 M3 s10
11.10% 260K M4
8.80" 136" M5

b iy (NS A 515 P /00 rla 3 (5l ome OBVl wilie o b g 58 53 01 Oge3T 5l sslizal b (Lo S0ke) peslie ©
Loy3 40) g g M2 (T JeSo do 3 Ve o dloar ol s 1o55 40) 08 g ML il oi sls ilad ) g o
05 A MA (T S dspn Ve edlen Lol mes dss A0) Wbz A M3 (T LS dops Ve adlea Lol zes

(ol s A3 Vo) JoSKe 056 M5 (T oSl dop3 Ve esdleay ol 2 o3 40)
* Values (means) within each column followed by the same letter(s) are not significantly different at P < 0.05
according to Duncan's test. The coding of substrates is shown in Table 1. M1: Wheat bran (90% main substrate plus

10% organic supplement) M2: Rice bran (90% main substrate plus 10% organic supplement) M3: Cotton meal (90%
main substrate plus 10% organic supplement) M4: Olive pomace (90% main substrate plus 10% organic supplement)

M5: No supplement (100% main substrate)
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