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with phytohormones-like activity of plant-derived smoke
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ABSTRACT

In order to evaluate the phytohormones-like effects of plant-derived smoke on some biochemical
characteristics of lemon balm, an experiment was conducted as a split plot in time based on complete
randomized block design with three replications in research greenhouse of campus of agricultural and natural
resources of Razi University in 2017. The main factor was different levels of leaf foliar application (including
four concentrations of smoke-water (i.e., 1:5000, 1:1000, 1:500, and 1:100 (v/v)) accompanied with cytokinin,
auxin, and gibberellic acid (each with a concentration of 50 uM), as well as the control) and the sub-factor
included two harvest stages. The results indicated that the application of different concentrations of smoke-
water and growth phytohormones significantly increased the content of chlorophyll and carotenoids,
photosynthesis rate, transpiration rate and stomatal conductance, but reduced the accumulation of soluble
carbohydrate content and the percentage of electrolyte leakage. However, chlorophyll fluorescence
parameters, anthocyanin content, soluble protein content and activity rate of antioxidant enzymes were not
significantly affected by foliar application levels. In general, these findings indicate that plant-derived smoke
similar to growth phytohormones has a great potential to improve biochemical efficiency of lemon balm and
can be considered as a natural agrochemical.
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Table 1. Physical and chemical characteristics of experiment location soil

Sampling Organic
depth  matter
(cm) (%)

Silt Sand Clay

(%) (%) (%) (dsm™)

Available Available Total
Potassium Phosphorus Nitrogen pH

(ppm)  (ppm) (%)

0-30 1.27 439 10.7 454

282 20.6 015 731
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Table 2. Analysis of variance for photosynthetic pigments of lemon balm leaves as affected by different
levels of foliar application and harvesting stages

Mean of Squares

Source of variation df  Chlorophyll Chlorophyll Total Carotenoids  cMorophyll  Chlorophyll/
a b chlorophyll a/b ratio Carotenoids ratio

Block (B) 2 0.01"ms 0.02 0.08 s 0.007 ™ 0.10"m 0.11 s
Foliar application (FA) 7 0.10 ™ 0.09 " 0.40™ 0.01™ 0.221 0.32™
Error a 14 0.02 0.02 0.07 0.006 0.30 0.09
Harvest stages (HS) 1 0.0002 " 0.03m 0.04 s 0.00009 " 0.58 " 0.15"m
FAxXHS 7 0.004 " 0.01m™ 0.03 ™ 0.0004 " 0.05" 0.06 ™
BxHS 2 0.01"ms 0.0007 " 0.01m 0.001 ™ 0.04 "s 0.004 ™
Error b 14 0.01 0.009 0.01 0.001 0.14 0.04

CV % 9.54 17.58 8.00 7.16 18.05 25.47

D23 go lad |y ao s i g ds s S e [0 ognls gine Gl gire Soli e g pas ol 4T 5 * NS

ns, * and ** are non-significant, significant at 1% and 5% level of probability, respectively.

29070 0k S (§3mgts SLalsS) () (Bl Jsle Alide zolaw JI-T Jgon
Table 3. Effect of different levels of foliar application on photosynthetic pigments of lemon balm leaves

Chlorophyll a Chlorophyll b Total chlorophyll Carotenoids  Chlorophyll/
mg g'* Leaf fresh weight Carotenoids ratio

Treatment Treatment levels

Ctrl 0.93 0.41 1.35 0.38 0.59

§ SW 1:5000 (v/v) 1.00 0.46 1.47 0.41 0.69

s SW 1:1000 (v/v) 1.07 0.46 1.53 0.41 0.66

= SW 1:500 (v/v) 1.29 0.73 2.02 0.54 1.16

& SW 1:100 (v/v) 1.29 0.75 2.04 0.49 1.19

LE Ck 1.15 0.61 1.77 0.45 0.97

s GA 1.03 0.50 1.53 0.42 0.75
IAA 1.03 0.49 1.53 0.42 0.74

LSD o.05 0.18 0.20 0.33 1.10 0.38

S TAA 5 S ol GA (isS g CK «Ologs :SW sl Ctrl
Ctrl: control, SW: Smoke-Water, CK: Cytokinin, GA: Gibberellic acid and IAA: Auxin
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Table 4. Analysis of variance for chlorophyll fluorescence parameters of lemon balm leaves as affected
by different levels of foliar application and harvesting stages

Mean of Squares

Maximum

Water-splitting

Source of variation df . Survival
photochemical index complex
efficiency of PSII efficiency of PSII
Block (B) 2 0.00002 ™ 10.57 ™ 0.02m
Foliar application (FA) 7 0.00004 ns 3.74m 0.04 ™
Error a 14 0.00006 6.48 0.06
Harvest stages (HS) 1 0.0003 * 68.87 ™ 031"
FAxHS 7 0.00002 1091 0.02 "
BxHS 2 0.000002 " 5.05"m 0.004 m
Error b 14 0.00004 6.85 0.04
CV % 0.80 17.16 4.57

** % ng
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ns, * and ** are non-significant, significant at 1% and 5% level of probability, respectively.
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Table 5. Effect of harvest stages on chlorophyll fluorescence parameters of lemon balm leaves

Maximum - Water-splitting
Treatment . Survival
Treatment levels photochemical index complex
efficiency of PSII efficiency of PSII
Harvest First 0.81 14.05 4.49
stages Second 0.82 16.44 4.65
LSDo.0s 0.004 1.62 0.12
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Table 6. Analysis of variance for photosynthetic parameters and phenolic compounds of lemon balm
leaves as affected by different levels of foliar application and harvesting stages

Mean of Squares

5] >
- 2 s 8 E gg 22 g g £
Source of variation df 2 2 = 2 B8 £ 8 £ & S
£ s g € ES 85 o o g
> & 8 & 2% 88 & ® £
g £ £ § "8 =8 5 2 %
T = - g
Block (B) 2 120™ 2577 3082" 5.99"™ 0.0002" 519" 1479"™ 0.02" 242"
Foliar Application (FA) 7 13.37™ 3.07" 2054™ 2.44"™ 0.004" 666" 3417™ 0.05™ 2.19"™
Error a 14 259 017 861 376 0001 347 1089 0.009 3.83
Harvest Stages (HS) 1 257™ 0.73™ 176™ 102" 0.004™ 336"™ 877" 0.009™ 0.371
FAXHS 7 222™ 0.28™ 2822™ 2.68™ 0.0008"™ 144" 720"™ 0.0005"™ 0.31"™
BxHS 2 029™ 0.25™ 1962™ 6.69 ™ 0.0002"™ 150" 2287 "™ 0.005"™ 0.004 "™
Error b 14 115 074 2941 321 0001 244 3068 0.002 0.36
CV % 16.11 34.08 30.29 556 4341 3887 59.15 596 5.66

A2 oo plid |y do jo iy g doye S w50 g ) s o S Sglis 8929 pas oS A FF 5 * NS
ns, * and ** are non-significant, significant at 1% and 5% level of probability, respectively.
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Table 7. Effect of different levels of foliar application on photosynthetic parameters and total phenolic
content of lemon balm leaves

~ o~ 8 £
%) % % 8% 0§ 'z
- L N S 5 B3
c K = c £ S v c
2 — L 2 E N E 8
g = E=Ne) = Qn o IE o=
5 £ SO =TI = s =B

= k=1 0 - -_ © =
= 8 S8 £8 EE S84
= £3 FE S e

~ n

E
Ctrl 3.95 2.15 0.06 0.57
.5 SW 1:5000 (v/v) 5.53 1.37 0.06 0.73
® SW1:1000 (viv) 5.86 191 0.05 0.76
S SW1:500 (viv) 7.35 3.16 0.10 0.92
? SW 1:100 (viv)  8.22 3.47 0.12 0.76
S Ck 8.42 3.07 0.11 0.79
£ GA 7.24 2.77 0.07 0.76
1AA 6.82 2.29 0.07 0.82
LSDo.0s 1.99 0.51 0.04 0.11

-,lo siae w3 ls ciullas (2018) Igbal et al. lasliv
Al (e 99 50 Jolome slacljoung S lade (o4
L0 (9398 Hlade g 59) Job yrd S50 50 olS

59y Job syl 4 olS 0959 L1309 0 gl

u.......ﬂ JAA 9 &wal GA . S peoow Ck ‘ghjo SW ey Ctrl
Ctrl: control, SW: Smoke-Water, CK: Cytokinin, GA: Gibberellic acid and IAA: Auxin
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Table 8. Analysis of variance for some biochemical parameters of lemon balm leaves as affected by
different levels of foliar application and harvesting stages

Mean of Squares

n o] @
£ c R & )
S = 2 = - g
> 3 S E L 2 S
L. < [} = QL S @
Source of variation df S S e T S, g ©
5 2 s 8 &8 £
o o a =5 5 <}
@ = S o9 3 =]
X! 3 = 5 © = 8
= » o o = 2
(=) S =1 O L
n & (%)
Block (B) 2 1187"™ 0.32™ 20.58"™ 0.005"™ 409736 11.77 "™
Foliar application (FA) 7 28031™ 1.39™ 51.11"™ 0.02™ 86200"™ 312.95*
Errora 14 982 0.88 39.87 0.03 65963  39.23
Harvest stages (HS) 1 13746 0.003™ 107.36"™ 0.02"™ 417549 * 516.20 "
FAXHS 7 1146™ 0.60™ 28.83™ 0.03™ 50177 37.09™
BxHS 2 928 " 0.10™ 3.76™ 0.008"™ 111280 "™ 23.69 "™
Error b 14 1910 0.80 33.02 0.02 56869  64.58
CV% 14.70 21.79 36.95 25.28 19.02 9.94

** o E s
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ns, * and ** are non-significant, significant at 1% and 5% level of probability, respectively.
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Table 9. Effect of harvest stages on some biochemical parameters of lemon balm leaves
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Harvest  First 33.64 280.25 1346.86 84.05
stages Second 30.72 314.10 1160.33 77.49
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Figure 1. Effect of different levels of foliar application on a: soluble carbohydrates content and b:

electrolyte leakage of lemon balm leaves. Ctrl: control, SW: Smoke-Water, Ck: Cytokinin, GA:
Gibberellic acid and IAA: Auxin. Bar lines indicate the standard error.
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