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Abstract

Introduction: The decrease in yield and quality levels of button mushrooms during the cultivation
period is one of the important challenges of the mushroom production industry, due to the
reduction of substrate nutrients and the accumulation of undesirable compounds. One of the
solutions to prevent the decrease in yield and qualitative characteristics of edible mushrooms
during different flushes is to enrich compost with nutrient supplements.

Materials and Methods: In order to investigate the effect of supplementary nutrition at different
times on the yield indicators of button mushroom, a factorial experiment based on completely
randomized design was conducted. Experimental treatments included four concentrations (C) of
supplementary nutrition (0 (C,), 20 (C,), 40 (Cs) and 60 (C,) g/L) (combination of two phases, the
liquid phase includes micro and macro elements and amino acids, and the solid phase includes
sucrose and dextrin) and two application times (one day after harvesting the first flush (T,) and the
beginning of the second flush and the formation of pin (T,).

Results and Discussion: The findings of this research indicated the highest number of button
mushroom was observed in CsT, treatment by 215.89, which demonstrated a 20.35% increase
compared to C,T, treatment. The lowest single mushroom weight was measured in the first time of
foliar spraying in C,T; treatment and the highest single mushroom weight was obtained in the
second time of foliar spraying in C3T, and C,T, treatments, respectively. The maximum length of
the mushroom base was obtained in C,T, treatment by 1.36 cm. Along with the increase in the
concentration of nutritional solutions; the diameter of the cap showed a significant increase at T,
time, while at T, time, this value showed a decreasing trend after the treatment of 20 g/L of nutrient
solution. In addition, no significant difference was observed between the cap diameter of
mushrooms treated with 20 and 40 g/L in treatments of C,T, and C3T,, and the maximum cap
diameter of mushrooms in these treatments was 3.73 and 3.67 cm, respectively. Enrichment of
button mushroom compost by nutritional supplements can prevent severe yield reduction during
different flushes.

The number of mushrooms produced in two different times was not significant. It showed that the
effect of using time of supplemental nutrition was more effective on the rapid growth of the formed
pins than growth of new pins. The formation of pins and the number of mushrooms were under the
influence of the amount of inoculation and used spawn in the compost. The positive results
obtained from the foliar application of the nutrients showed that its compounds, including sucrose
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and dextrose and highly consumed elements such as nitrogen, phosphorus, potassium and amino
acids, have played an important role on the number, single weight of mushrooms and the cap
diameter of mushroom.

The use of nutrient solution in C3T, treatment compared to C, T, increased nitrogen percentage by
66.43%, protein by 66.22%, tissue firmness by 71.44% and biological efficiency of substrate by
66.32%, respectively. Pervious study showed that, the effect of different concentrations of three
amino acids asparagine, glutamine and glycine on some quality indicators and performance
components of white button mushroom was investigated and the results indicated that asparagine
150 ppm improved the yield and increased the protein content. High NPK content in mushroom
substrates significantly shortens the rate of mycelium propagation and increases oyster mushroom
growth. One of the basic criteria for a good mushroom substrate is the carbohydrate and nitrogen
content to support mushroom growth.

Also, using a concentration of 40 g/L of nutrient solution at the time of emergence of the second
pin, in comparison with C,T, treatment, increased the yield of the second flush by 64.15%, the
yield of the third flush by 71.17%, the yield of all flushes by 26.79% and the total yield of
composted by 26.76%, respectively. Carbon, with its structural role and presence in most organic
compounds and providing energy for metabolic reactions, plays a significant role in the growth of
button mushrooms. On the other hand, button mushrooms are able to use amino acids as a source of
nitrogen. Therefore, it seems that the use of the above compounds in the nutrient solution used in
this research has been able to produce favorable results both quantitatively and qualitatively in the
studied button mushrooms. On the other hand, it seems that the presence of widely used elements
such as phosphorus and potassium in the nutrients used in this research and the positive role of
these elements in the production of nucleic acid, adenosine triphosphate, membrane phospholipids
and enzyme reactions has been able to play a key role in increasing the quantitative and qualitative
properties of button mushrooms.

Conclusion: The use of 40 g/L concentration of nutritional supplement at the time of the
appearance of the second flush by affecting the percentage of dry matter, protein and tissue
firmness increased the quality level of button mushrooms and enhanced quantitative level by
improving yield indicators such as the number of mushrooms, single weight of mushroom, total
yield of flushes and percentage of total yield of compost.
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Table (1) Analysis variance of the effects of supplementary nutrition at different times on the
number and single weight of mushroom, base length and diameter and cap diameter of button

mushroom
Sl r S
Cap Base Base length ~ Single Number of @7 (8.0.V)
diameter diameter (cm) weight mushroom of
(cm) (cm) of mushroom (df)
(9)
0227 0.17 ** 0717 1059 1554.79 3 (Concentration). Lt
0.03 ~ 0.04 ** 017" 1167 17.31" 1 (Time) o
0107 0.004 ** 0.20 ™ 1277 78.47 " 3 (CXT) ol x bl
0.003 0.0004 0.02 0.13 35.92 16 (Error) w=
171 1.94 8.49 3.33 3.08 - CV ) ol o,
(%)

.Jﬁ—ﬂ)}\jadb‘chd)ﬁs)‘}&ﬁjé)‘ﬁ&ﬁtdﬁ%ﬁ;jAi%:E%'.E)e'.f‘gNS
Ns, * and **: respectively non-significant and significant at the 5% and 1% probability level.

4l b g Jab (z B & 039 9 MUKy Calie SBGL) 30 JoST 4K Lol O 1 uSlo Dl lio (¥) S
Sl4as™d Z B cXadls” ,lab
Table (2) The main effects of supplementary nutrition at different times on the number and single
weight of mushroom, base length and diameter and cap diameter of button mushroom

SN s aly ki sl Jdsb GBS 055 SLEE bl
Cap Base diameter ~ Base length Single weight  Number of (Treatment)
diameter (cm) (cm) of mushroom  mushroom

(cm) (9)
C

3.29°¢ 0.91° 173" 8.95° 179.84° C

3.70% 1.31% 2.35% 11.34° 205.95° C,

3.66% 1.10°¢ 1.74° 12.03% 210.46° Cs

3.43° 1.17° 1.56" 11.07° 181.20° C,

T

3.56° 1.08" 1.93° 10.62° 193.51 T

3.48° 1.17° 1.76° 11.06° 195.21 T,

U RHRWIREY. JL;:>|cla.u)sé)lz&nd)&:ilqgwQ)Fliéhﬁpo}ufﬁ
In each column, the averages with the same letters do not have a significant difference at the 5%
probability level.
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Table (3) The interaction effects of supplementary nutrition at different times on the number and

single weight of mushroom, base length and diameter and cap diameter of button mushroom

SN Las aly ki sl dsb GBS 055 goB sl ke
Cap diameter Base diameter Base length Number of (Treatment)
(cm) (cm) (cm) mushroom

3.25% 0.90f 1.71 8.947 180.30 C,T;
3.67° 1.27° 241 10.55° 204.38 C,T,
3.65° 1.05°¢ 1.92 11.67% 205.02 CsTy
3.67° 1.10¢ 1.67 11.34% 184.35 C.T,
3.33° 0.92f 1.75 179.38 CiT,
3.73° 1.36° 2.28 12.13%® 207.52 C,T,
3.67° 1.15°¢ 1.56 12.38° 215.89 C,T,
3.20°¢ 1.24° 1.45 10.80 % 178.05 C.T,

) 30 Szl pedan 53 (5513 ime L3Ot e U5 b Sl Sole O g 2 s
In each column, the averages with the same letters do not have a significant difference at the 5%
probability level.
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Table(4) Analysis variance of the effects of supplementary nutrition at different times on the
percentage of dry matter, nitrogen, protein, firmness and biological efficiency of button mushroom

Sla e S
&‘)K gs:""" SS9, Q})J::j oslbe Loy 4> > Qlﬁ__;dct.a
S5 Firmness (N) Protein (%)  Nitrogen (%) i @lsT (5.0.V)
Biological Dry matter (df)
efficiency (%) (%)
344.357 1201.40 ** 151.90 © 2297 3 (Concentration) =l
2837 7 553.72 ** 4486~ 1147 0107 1 (Time) ol;
3177 93.64 ** 6.63 " 016~ 007" 3 (CXT) olej xcdale
0.05 0.001 0.01 0.005 16 (Error) L=
0.60 0.05 0.54 1.89 -

(CV (%)) Sl i s

Az ) Jles| Ch_ﬂ 23 63 gme ik
Significance at the 1% probability level.
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Table (5) The main effects of supplementary nutrition at different times on the percentage of dry
matter, nitrogen, protein, firmness and biological efficiency of button mushroom

S5dse 2LS o =y 09,5 oSt o3le sl
Biological Firmness (N) Protein (%) Nitrogen (%) Dry matter (%) (Treatment)
efficiency (%)
C
30.19¢ 54,941 18.23¢ 2.91¢ 3.20¢ c,
43.80° 70.48°¢ 24.27°¢ 3.88¢ 4.14° C,
47502 88.39 2 28.952 4.63° 4.32° Cs
37.65°¢ 78.60° 28.75° 4.60° 4.64° C,
=
38.69° 68.30° 23.68° 3.79° 4.00° T,
40.87° 77.912 26.42°2 4.22° 4.14° T,

I o530 Szl a3 (6l gme L3 alie (35 o by sl ke O 2 53
In each column, the averages with the same letters do not have a significant difference at the 5%
probability level.

(a9 3 (59 i (KiS 00lo o 38 p il SO ) 1O (w4 dE plike O F1 Sl Slaylio (1) Jena
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Table (6) The interaction effects of supplementary nutrition at different times on the percentage of

dry matter, nitrogen, protein, firmness and biological efficiency of button mushroom

b ™ Ry R it osle Layles
S5 5 Firmness Protein Nitrogen Dry matter (Treatment)
Biological (N) (%) (%) (%)
efficiency (%)
30.259 54917 18.20°¢ 2.91°¢ 3.20°¢ CiT,
40.45¢ 66.66 " 21.66¢ 3.46¢ 4.11°¢ C,T;
44.86° 82.53° 27.54"° 4.40" 431" C,Ty
39.22°¢ 69.11° 27.33° 437" 441° C.T,
30.14°9 54.989 18.27° 2.92¢ 3.20¢ ciT,
47.15° 74.30¢ 26.87°¢ 430°¢ 417°¢ c,T,
50.13% 94.26° 30.37° 4.86° 4.33° C,T,
36.07f 88.10° 30.162 4.82° 487° C.T,

5 53 0 ezl peban 53 (6l cne SV alie U b (sl S0boe O gt 2 3
In each column, the averages with the same letters do not have a significant difference at the 5%
probability level.
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Table(7) Analysis variance of the effects of supplementary nutrition at different times on the yield
characteristics of button mushrooms in each compost

Dl S0
Lo ys Jfajﬂ‘.& bngq-‘C)w s Shes s Shes s Sles =y Qlﬁgﬁdb
JS 5 Shes lgads o3 p9d gt gt geat) Js! «337 (S.0.Vv)
o g Total yield The total yield « 93 The first (df)
. flushes (g) the second and r’w_ f flush yield
Total yield third flush (g) The third  The second )
of compost flush flush yield
(%) yield (9
(9
35337 081442.97 ° 978264.28 " 118760.69 ~ 416024.78 9.32™ 3 (Concentration) Lt
2.877 79938717  80602.63 "  4411.08" 47301.89 1.37% 1 (Time) ol
3267 90637.46™  90266.66 ~  8114.89 " 44863.22 2.58 N 3 (CXT) ol %o ik
0.03 960.89 165.87 103.73 95.38 761.90 16 (Error) s
0.68 0.68 0.60 1.49 0.67 1.15 - CV (%) & it s

o3V 50 Jlazst s 53 (G5ls Gme 5 (So1> Gre pels 5 4w Ns
Ns and **: respectively non-significant and significant at the 1% probability level.
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Table (8) The main effects of supplementary nutrition at different times on the yield characteristics of
button mushrooms in each compost

sfesdoys S s Slee s Slee paame s Shee ol s Shee ol s Slee bayles

G geS” JS Lgils P2 5033 £ £33 Js!
Total yield of  Total yield of ~ The total yield of ~ Thethird  The second The first flush  (Treatment)
compost flushes (g) the second and flush yield flush yield yield
(%) third flush (g) @ (@ (@
C
23.93¢ d 1609.41 ¢ d d 2379.82 o
3989.24 498.01 1111.40
28.29"° b 2334.66° b b 2380.17 C,
4714.83 756.05 1578.60
29.47% a 2531.752 a a 2381.09 Cs
4912.84 819.99 1711.76
26.31°¢ ¢ 2006.76 ¢ ¢ ¢ 2378.11 Cs
4384.88 650.28 1356.48
T
26.65° b 2062.69° b b 2380.04 T
444274 667.52 1395.16
27.35% a 2178.602 a a 2379.56 T,
4558.16 694.64 1483.95

i o530 Szl pedan 3 (6513 Sme Vet alie o b 5l Sikn O 2w a5
In each column, the averages with the same letters do not have a significant difference at the 5%
probability level.

Camiguas” B 35 (S™S 5B (83 hoe S T 39 3 Alicke SBlo) 33 (Mo 4% bliie Of T (ySlo Dl lio (1) J9ue
Table (9) The interaction effects of supplementary nutrition at different times on the yield
characteristics of button mushrooms in each compost

g5 R N N T po s Shes pes s Slas Uyl 25 Shas bsles

o 30aS” Total yield of p3 3 p3> S The third flush The second The first flush ~ (Treatment)
Total i;eld of flushes The total vield yield flush yield yield
y © Y © © ©

of the second
and third flush

compost (%)

(9)
23.939 3993.379 1612.359 498.999 1113.359 2381.02 CiT,
27.21¢ 4536.11¢ 2156.22¢ 701.73¢ 1454.48 ¢ 2379.89 C,T,
28.63° 4772.68°¢ 2391.50° 789.21°¢ 1602.29° 2381.18 C,Ty
26.81° 4468.78° 2090.72°¢ 680.17 ¢ 1410.54° 2378.06 C.T,
23.919 3985.119 1606.48 9 497.029 1109.459 2378.62 C.T,
29.36° 4893.55" 2513.10° 810.37" 1702.72° 2380.45 c,T,
30.312 5053.002 2672.002 850.77°2 1821.222 2381.01 C,T,
25.80f 4300.98" 1922.82f 620.39f 1302.42° 2378.16 C.T,

i 430 Szl pedan 53 (5 )l3 e L3Ot e U5 b Sl Sile O g 2 s
In each column, the averages with the same letters do not have a significant difference at the 5%
probability level.

ok (9 o Olaj o i a5 505 Ol asdllas oyl (laassl (NPK) Calides glact (gidie NI B9 )3
ML&)L&:}'M}};JAJSMujb(:MJAKMJq’ \'):rjff“‘;“‘ "M&M)J(Y\\)W‘U
d";.«fjv\?.fdjja j))?' (A i) Say(NPKO) @v\«d G)G J_}ﬁo& 9 Ay by (o8 r;}l;

Pl 4 by pods iy gz ol O, 0L YY) &5 8 15 s p 3,50 (Pleurotus ostreatus)
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