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Effect of Organic Fortified Wood Vinegar on Greenhouse Tomato Growth
in Soil and Soilless Media
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Table 1. Effect of different fertilizer solutions on growth indices of tomato.
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In each column means followed with similar | etters are not different at 5% level of probability based on LSD test. Co: (Complete fertilizer), Ja: (Johnson nutrient
solution), WVj: (Johnson nutrient solution and wood vinegar), WV c: (Micronutrient and Macronutrient and wood vinegar), WVma: (Macronutrient and

wood vinegar), WVmi: (Micronutrient and wood vinegar).
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Table 2. Effect of different fertilizer solutions on flower and fruit indices of tomato.
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In each column means followed with similar |etters are not different at 5% level of probability based on LSD test. Co: (Complete fertilizer), Ja: (Johnson nutrient
solution), WVj: (Johnson nutrient solution and wood vinegar), WV c: (Micronutrient and Macronutrient and wood vinegar), WVma: (Macronutrient and
wood vinegar), WVmi: (Micronutrient and wood vinegar).
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Table 3. Effect of different fertilizer solutions on photosynthetic indices and potassium concentration of tomato.
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In each column means followed with similar letters are not different at 5% level of probability based on LSD test. Co: (Complete fertilizer), Ja: (Johnson nutrient
solution), WVj: (Johnson nutrient solution and wood vinegar), WV c: (Micronutrient and Macronutrient and wood vinegar), WVma: (Macronutrient and wood
vinegar), WVmi: (Micronutrient and wood vinegar).
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Table 4. The effect of different substrate on some growth indices of tomato.
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In each column means followed with similar letters are not different at 5% level of probability based on LSD test.
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Table 5. The effect of different substrate on flower and fruit indices of tomato.
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In each column means followed with similar | etters are not different at 5% level of probability based on LSD test.
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(594295 rly Sl g (63w slagatld p Al oS glalaoe S1-F Jgax
Table 6. The effect of different substrate on photosynthetic indices and potassium concentration of tomato.

lo)los S LS Fgi & lasjg, coglie 459, S5l CO2 ey
Treatments  Greenness Photosynthesis Transoiration Stomatal resistance Internal CO; (umol Potassium (mg/g
index (UMCO,.m2, s (mmol HOm?s?) (MmHOm?st) mol ) DW)

5 < a
S 7.94 2 4922 1.19° 0.122 249.72° 11.39
Soilless

S
i 6.50 ° 3.78" 1432 0.03° 330.722 11.442

In each column means followed with similar letters are not different at 5% level of probability based on LSD test.
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Fig. 1. Theinteraction effect of different substrate and fertilizer composition on the plant height (a) and stem diameter
(b) of tomato. Co: (Complete fertilizer), Ja: (Johnson nutrient solution), WVj: (Johnson nutrient solution and

wood vinegar), WV c: (Micronutrient and Macronutrient and wood vinegar), WVma: (Macronutrient and wood
vinegar), WVmi: (Micronutrient and wood vinegar).
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wood vinegar), WV c: (Micronutrient and Macronutrient and wood vinegar), WVma: (Macronutrient and wood
vinegar), WVmi: (Micronutrient and wood vinegar).
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Fig. 3. The interaction effect of different substrate and fertilizer composition on SPAD value (a), photosynthesis (b)
and transpiration (c). Co: (Completefertilizer), Ja: (Johnson nutrient solution), WVj: (Johnson nutrient solution
and wood vinegar), WVc: (Micronutrient and Macronutrient and wood vinegar), WVma: (Macronutrient and
wood vinegar), WVmi: (Micronutrient and wood vinegar).

‘(u? 45)..» o‘,o.@d.’ ‘J)AMWS 9 s.@].«mj.’ G""“c Lth)»a».c) WVC ‘(uy ASJ...; a‘).o.s'bdu uj-udl} ‘5.!‘..\9 le?m) WVJ ‘(05“‘)1})
(u? dS).MJ o‘)xubd.s dfa.aws ‘_,’4_“..\5 d‘LQJ..a...c) va| 9 (u5> 45,“; ob.o.hé\a ;.5].«:.4)4 Lﬁ“'\‘: 6&!)«:...:) vaa

Yy-


https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.2.2.1
https://journal-irshs.ir/article-1-242-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

[ DOR: 20.1001.1.16807154.1398.20.2.2.1 ]

Lff)jjb}fulw)): «_LJZ}’)/G.J.MJ@C [ 4)/)4..; )J/

(61
43
a
o
1

® Soilless S e

25 - o 250 - Ll
a a
20 200 { a

C) Gl

3 £15 o & 150 -

;3 3z

j%m % 5 100 - .
T ja:

3 = =

Igb _@
a T

® Soilless s . Soilsta

o

. . O-

O @ B P Soil st AR ORI

¢ YL EL O P
g O &4\4&4&4

Fig. 4. The interaction effect of different substrate and fertilizer composition on fresh weight (a) and dry weight of
shoot (b). Co: (Complete fertilizer), Ja: (Johnson nutrient solution), WVj: (Johnson nutrient solution and wood
vinegar), WVc: (Micronutrient and Macronutrient and wood vinegar), WVma: (Macronutrient and wood
vinegar), WVmi: (Micronutrient and wood vinegar).).
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solution and wood vinegar), WVc: (Micronutrient and Macronutrient and wood vinegar), WVma
(Macronutrient and wood vinegar), WVmi: (Micronutrient and wood vinegar).
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Fig. 6. The interaction effect of different substrate and fertilizer composition on number of flowers (a) and number of
fruit (b) per plant. Co: (Complete fertilizer), Ja: (Johnson nutrient solution), WVj: (Johnson nutrient solution
and wood vinegar), WVc: (Micronutrient and Macronutrient and wood vinegar), WVma: (Macronutrient and

wood vinegar), WVmi: (Micronutrient and wood vinegar).
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Fig. 8. The interaction effect of different substrate and fertilizer composition on dry weight (a) and diameter (b) of
fruit. Co: (Complete fertilizer), Ja: (Johnson nutrient solution), WVj: (Johnson nutrient solution and wood
vinegar), WVc: (Micronutrient and Macronutrient and wood vinegar), WVma: (Macronutrient and wood
vinegar), WVmi: (Micronutrient and wood vinegar).

(ormilz) JA (LS 355) : CO..(w) ogmo b 5uSiln 5 (ll) ogmo i (335 5 (5955 (sl Jolomo 5 S (sl LiiSam s A S
WVma (9= 45)..» ol).n.bd..g g_e].mwf 9 d}a.a).: (le.\.c Lgl.m).a...c) WVc (o> aS o‘)o.md\.g u}m.:l} ‘S’L.\.c Jj.lm) WV]
(u? 45,‘.; o‘fo.mcb u.é,mrJ G""\‘c 6‘@),44:) WVm| 9 (u? 45]m Q‘MAJ d).«m).) LS""\‘C 6[.4!:)«4&)

LS
N A
1 J

10 -

Potassium (mg/g DW)

B Soilless s ,.&
Soil s

QO ¥ @ @\ Qe &‘b & Q>

Fig. 9. The interaction effect of different substrate and fertilizer composition on Potassium concentration. Co:
(Completefertilizer), Ja: (Johnson nutrient solution), WVj: (Johnson nutrient sol ution and wood vinegar), WV c:
(Micronutrient and Macronutrient and wood vinegar), WVma: (Macronutrient and wood vinegar), WVmi:
(Micronutrient and wood vinegar).

u?*'l’ $|3.é J9l.>u) WVJ ‘(05.....‘3[:?) Ja ‘(J.olf 055) Co f"""*‘L"' )L.\.Z'La 2 6055 gSL“’J}l-"“’ 9 AT 6130)_‘1..*.4 Mﬁ -1 JSM
“é)"a")i @‘J.: dLm)..a.».:) WVma (9> 45)..» el)..o.:aé.g g_B)..a.ApS 9 g_B)..aA)n L,}JL).: LSL“)“'"") WVc (9> 45)...4 ol)o.QA.g
(oe= 45).\,; c‘,«bdg d].a.nwf ‘5>|..\.c Lgl.m),a..:) WVmi 9 (o> 45)...: o‘).o.Mg

W 7}

-

Yyy


https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.2.2.1
https://journal-irshs.ir/article-1-242-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

[ DOR: 20.1001.1.16807154.1398.20.2.2.1 ]

g 9 i

5O A edued il b ol ediS & jd lgieds Wlgh oo aS S| 1158568 9 Joiline yemmen glrosls slls gz oS

gty Wl oo Caz 45 o Wdged lo Gl Jgi90,5 9 Jo wilen ;500 slaosle 3529l (B5b 51005 Cgmzne ol
Oialosl cpl o saali o slaami b g oo ameis (ol (V1) 00,5 b, pals o g uled Joe 5 0, 00S ) los
2SS e 5 Jolw oz oS s jlewd Gal38I L oy co Sl il ou i (6 80 5lail il (slo,5aS 5 4 Salox]
039 01 5 55 039 e cBlow Jobo Sralil L a4 0,135 o 53l ol S 0s) jlaiie 5 00g0d yeiS oy (SlBoaiiS erliis (gzran
Mdddbjwsotf))u)j )L.\.M Uw.al).‘!‘w Y 45)..» )l OQLO.‘.M."JW‘UT )‘ 65L> waﬁa).s ».\JLSsA w‘r‘!‘aj.m.>
5 Mungkunkamchao « i 253 ;0 e T oais plol oolo () jSg5ke 0590 10 (B slo o 5 55SL .(V)) 505 o S0l
(St W IS 59 e g 0ged lo oDl (S0 84268 10 0 Sles w45 w0, 5 L aS wis ST el (V) ]S
Orzed S8l Gl (e BB jsba ol )0 39290 slayaie iz g loges S (59 o)l Slaogs ()9 cogae Slas
a5 s 00 5 oo LS 0 aly iuli8l o 950k oole 45T W0 T adtiie sz A sl coliiwl 090 40 cadplxl Clado o
O9ed (S iaghy g )0 ol peray [y Sli—wdy STOY) (K345 5 () Slgs cazm 5 o(F) &) Jldls anwgi j0 o>
o3l ;i (65, 45 0 (w50 Wlooges A SllS (5,842 95 Jgaze (0 1) geo 90 ol (Vo) il e o Kulkarni
0, L Bl jo Jolowe il g a8l jlad aBl Jobo caBlu olawi 0, Slos iy ) 0l ) « iz oolo adgy a5 a8l o ol plxl
P Voo Jlowd jo il o Ol Glgime do yo wb Lastine odel Jasds Giagh 5o (V) Canl ools olis dals 4 Cos
Slows yo a8 oyl bease s calizes slojled jo Jgs cotis (6T olail b sl bgo Ll 1) Jlade o 3WL oL 90y o ] o
lazs .ol 03905 oolel i o loyless ;K0 4 G 25 b ablie 595l slp 1) 095 oLS i) jo 0,5 Lo Yo v
Mbsa %»Qgslioul.a&)b d:‘).> BT ASJ“; )| obm‘wsfl;‘f)lﬁ KW=} 6[9).!‘ Oy90 O wﬂ:ej.: U"‘ LgLQoMLm.A
5o @lizee slo,les & )s0a, Snietenia mahagoni Shorea leprosula gl ygzen Kz iz o alis o) Cex a5
0 haw Jlg 4 bazalS ao )0 do iz 9 90,5 0l ) Sene 9 Gl s LY BTN Jled o gle ehiga LS
Loaslae o1y g 0d ) wly Sieteniasp. oLS Sy olaws g Job 4y ax gy b asid, s 5l aals (LS 51701 a5 Jb> o
L iSo,—in S lsicds Wlgh oo gz a5 w0l i by g K0 5 (5,842 65 dLug) Lz iy diles glacis
ol aS wo (lals an ;) 2oli8l jo g se |y ez aS e e sla 311 SO OVY) ws b ali I 0 )5 55 o i > 00iiS g0
slo il ol Ktagh o8 ;00 slajiagh j0 (VF) sied oo S ol )0 05250 Jy58 8 5 Joilie slocaS 5 4 Jos ;0 | (Shs
J.cL..u d)@Apssd).a.a).) LQLQJ‘A“"’ )\)..a..c VO J.AL...: 9 AS)—MJ (\\c) ..\.v"ob; odaline ‘) uLbL.f ..\....4))4 <9 AS)....: u.....‘o
as (Y‘) ;.\.o...ulau’_a IR 9 P ‘).5...«3 ‘u..).....“.!}n ‘s_i.“.;w)" “«S9) ‘p_.v.u\.w ‘r:?—o.».».ﬂjj—‘ a)..i..n sp.u.uLu ‘U’Q] o ‘139)5 ‘m.nolf ‘M
el 00 Sy o5 slacaS 5 8 g ks aliwds U jiegmd auli8l g olS Sl slacdles o s yate ol i
Job co)ludll i g 5 ()9 (ntden Seb WV &5 dms oo (lis 3 pol> gy slaaoncl g wigd oo LS 0l ) S 20
uPdSJ.w wlawL{Wle )QABLw )Jasjo)fa\m‘o)fsmyJ#dfMo@uuamewlow 0;94.:9.:
o 9 45)_.»)»)‘5‘9».9 LgLQ;NSJ.: 99)° ‘_)Lofd.s‘.\_.wbtso ;NSJ.: Yoo )lg}‘“"’dﬁl} 6J~M L;LQOQLQ u.»_wb).:ujjs‘
6;\.5% sw‘w oLng‘)JYbL;LQg,JaJ&)OuPJ)M Q)J)lSJJQJMQQO;GAM)MlSEOLj)QW
ul?ujjjl.a})d 4......1) J}‘os Gla.“)cp»dsu\aw)wualﬁ(\/\) ubl&o&gYammo‘s.@ﬁf)d (\N) QJ;GA OLS ..\.w)

u“’)‘“‘“‘f g.,&laj ol Sl U‘)L'\"l})") u,wbﬁ‘w S 45)....) ‘;L‘> Qﬁ)l.{j w‘duﬁl.) wbﬁ‘ S ASJ.w )Lo.».: Uw-il)ﬁ‘l.:

YY¥


https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.2.2.1
https://journal-irshs.ir/article-1-242-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

[ DOR: 20.1001.1.16807154.1398.20.2.2.1 ]

L;GJ.S‘(};M))J Lbi./a..tw@.c [ 4}/)44/.4/

L oS ol SalS alox 5l avin Jowzs) 0l wSe ),...L' o swosks dgzg Jdoay YU slaclale ;o Lol 00,8 o oLS ay,
b anlio )0 a8l algr slass § 5y Jobo gl )| aS g 9k ols plas 0g5 5l ) gnie gol) slagwly 5 ol jlend gz oS 5
oole jlode a8l olasi g Job iulidl el asbiwoli ,Siod olS j0 Jlé) g oz a5 s (65 8 (F) cils iulidl sal s
G2 a5 5w 0,5 L oS wMel (VY) ), g Mungkunkamchao « _cwghy j0 .(VF) al ady ) (6 i 5 aid lade (Sis
HlS o Sles g ali ;) ol oS o i gid .8l (ioli8l wall a4y Cans 05 (sbogas (39 9 090 S (39 0gae Slass
|y g8 Sty (3092 oy N5 o 8 0 Shec a5 5 03,5 o it gt 2l canns (519, Cuogliio 2133l o]
Aol i 928 alS ols G s 5 a5 oy 1ol BT ralS” gl y Waaise,y (o s ol 5l (glaisg, Cenglin yioldl 4y led co
o Lo g JolS7 a5 oS5 g 7t 938 Sud )b Canilon (00)S Qi 3 0y JBgile slaalo e Bdo eSS, Colua
3595 9,15 S 5 g ol )0 i g ab e pletle ) o8 4 g SS, (B n Sl SleS (LU i Dy IS

RVIAg

& 5 dnid
stebive STWVMA 9 WV o900 S (59 9 0900 yhad cogie olaad siile o5 4y g jo sla S yiden )3 s o0 Sl &
JB (K,84265 gl oS 5 90 ol WVMayg WV jo Slaei sloasS 5l oolaiwl g yieS aiyjo 4y dogi b .l aiils
S s 2l ogllan (sl 3l oy o S5 4y S a0 s (S a8 yin 50 o0l Cowddy loas s 4 a5 b .l sl
ABS s At e )5 g g Job Bl SiS 5 5 (s dda) g SS9 Lo S e Seege el bbady ) (BT 5o
90 (ol 5l eolatw ] cplpl el oals S a4 Cannd J5 0lawd g 0ga0 dlawd (JS7 55 050 (59 Lo gie c0gun Ui 59 a8l

~09A:643 .:‘.“: ..:.“.‘5{[54{ ... ’JBO}J). - .zS )\)OWY?&}
S 1 3wlow

onl pll sl o3 w5z 45 e oole o5l wald S @ byl ey e &850 pmome (LSS 5 Gdgtns 51 abissinn
Dy sr ST g ol dilesos iRy
References &b

pole dloee . S 25 byl h 10 poiS 50 piiwgid saiiSdgame slijg, el g sla5g, Jalse ATV S0 T 5.8 cgoesl )
AYB-MYAEIY ol (s5,0liS

(S gl e paiS s plil g ay, 4 5 S1 il 5 S (ST 51T Sledo | 5 pemlinds i el Y
YYV-YYO:«(Y)YF

asbpbl obry 9 kS 2l 5 =gy 0l (Giiler Dlogad n gl oz a5 LI AYAT G llae Y
oo YA kol iaio oSty byl wlid IS

4. Daly, M.andD. Stewart. 1999. Influence of “Effective MicroOrganisms” (EM) on vegetabl e production and carbon

mineralization a preliminary investigation. J. Sustain. Agr. 14: 15-25.

5. Fisher,R., D. Rees, K. Sayre, Z. Lu, A. Candon and A. Saavedra. 1998. Wheat yield progress associ ated withhigher
stomata conductance and photosynthetic rate, and cooler canopies. Crop Sci. 38:1467-1475.

6. Hwang, Y.Y. Matsushita, K. Sugamoto and T. Matsui. 2005. Antimicrob effect of the wood vinegar from
Crytomenia japonica sapwood on plant pathogenic microorganisms. J. Microbial Biotechnol. 15(5): 1106-1109.

7. lIshimine, Y. and E. Tsuzuki. 1994. Effects of the mixture of charcoa with pyroligneous acid on cane and sugar
yield of spring and ratoon crops of sugarcane (Saccharum officinarumL.). Jpn. J. Trop. Agr. 38: 281-285.

8. Kadota, M.T. Hirano, K. Imizu and Y. Niimi. 2002. Pyroligneous acid improves in vitro rooting of Japanese pear
cultivars. HortScience, 37: 194-195.

Zingiber officinale-

YYo


https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.2.2.1
https://journal-irshs.ir/article-1-242-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

[ DOR: 20.1001.1.16807154.1398.20.2.2.1 ]

g 9 i

9. Kamla, N.V. Limpinuntana, S. Ruaysoongnern and R.W. Bell. 2008. Role of fermented bio-extracts produced by
farmers on growth, yield and nutrient contentsin cowpea (Vigna unguiculata (L.) Walp.) in northeast Thailand.
Biol. Agr. Hort. 25:353-368.

10. Kulkarni, M.G., G.D. Ascough and J. Van Staden. 2007. Effectsof foliar applicationsof smoke-water and a smoke-
isolated butenolide on seedling growth of okra and tomato. HortScience, 42: 179-182.

11. Mungkunkamchao, T., T. Kesmala, S. Pimratch, B. Toomsan and D. Jothityangkoon. 2013. Wood vinegar and
fermented bioextracts: Natural products to enhance growth and yield of tomato (Solanum lycopersicumL.). Sci.
Hort. 154: 66-72.

12. Nurhayati, T., H. Roliadi and N. Bermawie. 2005. Production of Mangium (Acacia mangium) Wood vinegar and
itsutilization. J. For. Res. 2(1): 13 - 25.

13. Sangakkara, U. and T. Higa. 1994. Effect of EM on the growth and yield of selected food crops in Sri Lanka.
Proceedings of the 2nd International Conference on Kyusei Nature Farming. USDA. Washington. DC. USA. pp.
118-124.

14. Shirakawa, N., T. Ichikawa, R. Koyama, H. Taniguchi, S. Honmaand S. Terada. 1995. Effect of pyroligneous acid
on the growth of Rice. Agr. Hort. 70: 806-808.

15. Tiilikkala, K., L. Fagernas and J. Tiilikkala. 2010. History and use of wood pyrolysis liquids as biocide and plant
protection product. Open Agric. J. 4: 111-118.

16.Uddin, S, Y. Murayama,Y . Ishimineand E.H. Tsuzuki. 1995. Effect of the mixture of charcoal with pyroligneous
acid on dry matter production and root growth of summer planted sugarcane. Jpn. J. Crop. Sci. 64: 747-753.

17.Verona, C. and F. Calcagno. 1991. Study of stomatal parameters for selection of drought resistant varieties in
Triticum durum. Euphytica, 57: 275-283.

18. Yamato, M., Y. Okimori, I.F., Wibowo, S. Anshori and M. Ogawa. 2006. Effect of the application of charred bark
of Acacia mangium on the yield of mize, Cowpea and peanut and soil chemical properties in south sumatra
indonesia. Soil Sci. Plant Nutr. 52: 489-495.

19. Yatagai, M. and G. Unrinin. 1989. Germination and growth regulation effects of wood vinegar components and

their homologs on plant seeds - acids and neutrals. Mokuzai. Gakkaish. 35: 564-571.
20. Zulkarami, B., M. Ashrafuzzaman, M.O. Husni and M.R. Ismail. 2011. Effect of pyroligneous acid on growth,
yield and quality improvement of rockmelon in soilless culture. Aust. J. Crop Sci. 5(12): 1508-1514.

YY#


https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.2.2.1
https://journal-irshs.ir/article-1-242-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

[ DOR: 20.1001.1.16807154.1398.20.2.2.1 ]

Iranian Journa of Horticultural Science and Technology 20 (2): 211 - 226 (2019)

Effect of Organic Fortified Wood Vinegar on Greenhouse Tomato Growth in
Two Soil and SoillessMedia

M. Haghighi** and M. Sourani

The present study was conducted at Isfahan University of Technology greenhouses on tomato
(Solanum lycopersicum cv. Chef) as afactorial experiment in completely randomized design with
six treatments and four replications including: complete fertilizer 20:20:20, Johnson's solution,
Johnson's solution with wood vinegar, Johnson's micronutrients and macronutrients with wood
vinegar, macronutrients nutrients with wood vinegar, and micronutrients with wood-vinegar, in
two soilless (Cocopesat-Perlite 1 to 1 ratio) and soil. Results showed that stomatal resistance and
transpiration in Johnson's solution increased the highest amount and photosynthesis of Johnson's
macro and micronutrient elements along with wood vinegar. Greenness index was the highest in
Johnson's solution with wood vinegar and Johnson's macro and micro nutrient el ements with wood
vinegar. Plant height in whole manure, Johnson's nutrient solution, Johnson's nutrient solution with
wood vinegar and micronutrient elements Johnson did not change significantly in cocopit medium
and in macronutrient el ements with wood-based vinegar and micronutrient elements Wood vinegar
decreased and was lower in all treatments in soil. Root volume and root weight in complete
fertilizer treatment, Johnson's nutrient solution with wood vinegar, Johnson's nutrient and low
nutrient content with wood vinegar, and nutrient intake with wood vinegar in cocopeat medium
and root dry weight in complete fertilizer treatment Johnson's with wood vinegar, macro and
micronutrients consumption of Johnson's wood vinegar, and high consumption of wood vinegar
with wood vinegar were the highest in the cocopeat medium. The highest yield was obtained in the
treatment of Johnson's nutrient solution, Johnson's solution with wood vinegar, and nutrient intake
with wood vinegar in the soilles culture and the lowest in all soil medium.

Keywords: Photosynthetic changes, Organic fertilizer, Organic culture, Johnson solution.
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