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The Effect of Macro Nutrient on the Production and Product Quality

Improvement of Perilla frutescens (L.) Britton
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Abstract

The experiments were aimed to evaluate the optimum concentration of plant
nutrients as nitrogen (NH4+), phosphorus (P,0,) and potassium (K,0) on growth and
development, plant productivity, and product quality of perilla (Perilla frutescens L Britton). The
experiments were conducted under 3 experiments: Experiment 1: The efficiency of nitrogen
(NH4+) on growth and development, plant productivity, and product quality of perilla (Perilla
frutescens (L.) Britton). The experiment was done under randomized complete block design
(RCBD) with 5 replications. Treatments were nitrogen (NH4+) 0 (Control, T1), 5 (T2), 30 (T3), 50
(T4), and 100 (T5) kg raifl, and the application of bio-fertilizer were 500 (T6) and 1,000 (T7) kg
rai . Experiment 2: The efficiency of phosphorus (P,0,) on growth and development, plant
productivity, and product quality of perilla (Perilla frutescens (L.) Britton). The experiment was
done under randomized complete block design (RCBD) with 5 replications. Treatments were
phosphorus (P,0,) 0 (Control, T1), 5 (T2), 30 (T3), 50 (T4), and 100 (T5) kg rai_l, and the
application of bio-fertilizer were 500 (T6) and 1,000 (T7) kg rai . Experiment 3: The efficiency
of potassium (K,0) on growth and development, plant productivity, and product quality of perilla
(Perilla frutescens (L.) Britton). The experiment was done under randomized complete block
design (RCBD) with 5 replications. Treatments potassium (K,0) 0 (Control, T1), 5 (T2), 30 (T3),
50 (T4), and 100 (T5) kg rai_l, and the application of bio-fertilizer were 500 (T6) and 1,000 (T7)
kg rai . The experiment found that the application of nitrogen (NH4+), phosphorus (P,0;) and
potassium (K,0) at the rate of 30 (T3), and 50 (T4) kg rai’ or bio-fertilizer at the rate of 1,000 kg
rai ' showed the highest of perilla physiological growth and development. On the other hand, the
toxicity of N, P and K on perilla plant was found at the concentration at higher than 50 kg rai of
nitrogen (NH 4+), phosphorus (P,0;) and potassium (K,0). Moreover, nitrogen (NH 4+) at 30 kg rai
l, or phosphorus (P,0,) at 30, and 50 kg rai ' and potassium (K,0) at 50 kg rai provided the
highest of perilla grain. Additionally, at those concentrations of nitrogen (NH;), phosphorus
(P,0,) and potassium (K,0), perilla grain provided the highest of grain perilla, which reached of
protein, APX, SOD, LOX, Antioxidant activity, Lipid, Ol — linolenic acid, linoleic acid, oleic
acid, and low of steric acid, and palmatic acid content. Nevertheless, the bio-fertilizers treatments
showed the lowest of perilla grain yield and quality. However, the bio-fertilizer treatments
contained the high content of rosmarinic acid (RoA), and total antioxidant activity in perilla leaf.

Keywords: Perilla, Perilla frutescens L Britton, nutrient uptake, product quality, omega - 3
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d‘ a =) d' % 1 1 =) =} ngl . 1
134N 5: mnﬁ‘waﬂmﬁm"luimmumzﬂwm q aolsum lUsaunarua (Total protein), A1
a o L4 . . .
AInTIUMIMIAUYeAUeU Tl Ascorbate peroxidase (APX), Superoxide dismutase (SOD), 4ae

a a <3 dy
Lipoxygenase (LOX) Haza15A1U0Yyadd52 (Antioxidant activity) Tunanaamaanidou

N-100 kg rai-1

OM-500 kg rai-1

OM-1000 kg rai-1

25.174+0.766¢d

26.47+0.804bc

23.618+1.450cd

2.29+0.068cd

2.406+0.071bc

2.146+0.134cd

1.526+0.045¢cd

1.606+0.047bc

1.43+0.088e

3.434+0.104cd

3.606+0.108bc

3.218+0.198¢

Protein APX SOD LOX Antioxidant activity
Treatment 9 9 " "
(g 100g-1) (umole min  100mg protein) (activity mg protein) ( activity mg protein) ac,y)
Control 13.25+1.045¢ 0.2474+0.015¢ 5.8389+0.133cd 0.6344+0.044c¢ 2.2864+0.113¢
N-5 kg rai-1 14.41+0.217d 0.2669+4.031E-03d 6.0850+0.088c 0.6846+9.940E-03b 2.4440+0.027d
N-30 kg rai-1 15.65+0.143b 0.2899+2.650E-03ab 6.6095+0.060b 0.6968+0.040b 2.6092+0.024b
N-50 kg rai-1 16.62+0.45a 0.2978+0.0165a 7.0190+0.189a 0.7897+0.021a 2.7706+0.074a
N-100 kg rai-1 15.07+0.159b¢ 0.279+2.918E-03bc 5.9240+0.458ccd 0.6953+0.021b 2.5112+0.026¢cd
OM-500 kg rai-1 14.80+0.167cd 0.2725+5.950E-03cd 5.6909+0.538cd 0.6925+0.017b 2.4664+0.027d
OM-1000 kg rai-1  15.39+0.302bc 0.2830+5.405E-03bc 6.4988+0.127b 0.7052+0.030b 2.5652+0.050bc
APX: ascorbate peroxidase enzymatic activity, SOD: superoxide dismutase enzymatic activity, LOX: Lipoxygenase enzymatic
activity
HINeHa: ainaaslumnaiuaimas + mawdeauuinasgv, Msnusmusengquitandiaiu
LL’CW]Qﬁiﬂl?uttﬁﬂﬁiﬂﬂﬂﬁaaﬁi3 w‘iJﬂ’J']iJLGAHE]fJIN 95%
d' a A A Y] 1 J o
131497 6: awﬁwamm‘ﬁwﬂuimmummumq 9 ﬁ@ﬂﬁi’fzﬁllﬂﬁiﬂulﬁmi@ (Carbohydrate),
Y
Wimagalasd (Glucose), 4 I3 e (Sucrose), Han Ind (Lactose) ttazia Ing (Maltose) 11
a I dy 9
NONDALNANIVUD Y
Carbohydrate Glucose Sucrose Lactose Maltose
Treatment » 9 » » »
(g 100g DM) (g 100g DM) (g 100g DM) (g 100g DM) (g 100g DM)
Control 33.9+£5.017a 3.082+0.459a 2.054+0.301a 4.662+0.684a 5.546+0.821a
N-5 kg rai-1 28.322+1.042b 2.576+0.094d 1.716+0.064d 3.858+0.142d 4.634+0.173d
N-30 kg rai-1 22.361+0.689d 2.034+0.064¢ 1.356+0.042¢ 3.05+0.095¢ 3.66+0.112¢
N-50 kg rai-1 17.705+2.15¢ 1.612+0.197cd 1.07440.129¢d 2.414+0.296¢d 2.9+0.352cd

4.118+0.127cd

4.332+0.131bc

3.864+0.234¢
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v 1 v
3199 7: INTNave951g luTasounszduaie o demsazan luiunarug (Total lipid) 1oy

nsaluiudase Linolenic acid (W —3), Linoleic acid (W — 6), Oleic acid (W —9), Steric acid,

. . a I dyy
1A Palmatic acid TUHaNaRINAANVLBDU

Lipid linolenic acid  linoleic acid Oleic acid Steric acid Palmitic acid
Treatment 3 3 3 » » 3
(g100g DM)  (mgg DM)  (mgg DM) (mgg DM)  (mgg DM) (mg g DM)
Control 50.75+3.531f 32.987+2.295f 9.389+0.653f 8.881+0.618f 1.0404+.0.072f 3.654+0.254f
N-5 kg rai-1 54.766+0.793¢ 35.598+0.516¢ 10.132+0.146¢ 9.584+0.095¢ 1.1227+0.016¢ 3.9431+0.057¢
N-30 kg rai-1 59.485+0.545b 38.665+0.354b 11.005+0.101b 10.41+0.298b 1.2197+0.011b 4.2829+0.039b
N-50 kg rai-1 63.171+1.705a 41.061+1.108a 11.687+0.315a  11.055+0.043a 1.29540.035a 4.5483+ 0.0.122a

N-100 kg rai-1

OM-500 kg rai-1

OM-1000 kg rai-1

57.258+0.607cd
56.232+0.637de

58.49+1.148bc

37.218+1.0.394cd

36.551+0.414de

38.018+0.746bc

10.59340.112cd
10.403+0.117de

10.82140.212bc

10.02+0.106cd
9.841+0.111de

10.236+0.201bc

1.1738+0.0124cd
1.1528+0.013de
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1.7.2.3 ansnavesmgreariosanegumuwandamuannddon naziSanaas Rosmarinic
acid 110zAINIINAIUBLYABA 3N IMNA (Total antioxidant activity) Tulunsiou
Aa A o 1 a I dysl
7.2.3.1 onsnwavesnmoaosanenunnHandaaanUiou
=® a Aa o 1 = a <3
nAMsAnyIeNINavessIgeareTanemslasuulasnuninnanaaan
dysl v a = Z . a s A F) o
Nigeu wun UsmalUsAunanua  (Total protein) NINTINVRLEU lrNNEIVRIAY
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n3a luliugaga (13199 18)

v v 9
mM3h 13: anFwavesnmearesanszauan o aeliualilsauavua (Total protein),
1A o 4 . . .
ANINTIUMIINNUVO DY by Ascorbate peroxidase (APX), Superoxide dismutase (SOD),

. a o . s g
uay Lipoxygenase (LOX) uazmiéfmauyjaaaiz (Antioxidant activity) TUHANAANAALN

&y
VDL
Protein APX SOD LOX Antioxidant activity
Treatment » » » "
(g 100g-1) (umole min 100mg protein) ( activity mg protein) ( activity mg protein) (Ic,)

Control 16.12+ 2.039bc 0.2907+0.009abc 6.541+0.225abc 0.727+ 0.025abc 2.894+0.090a
P-5 kg rai-1 15.63+1.196¢ 0.2917+ 0.013abc 6.564+0.309abc 0.729+0.034abc 2.815+0.123a
P-30 kg rai-1 18.89+1.698a 0.3215+0.023a 7.235+0.526a 0.804+0.058a 2.33340.210c
P-50 kg rai-1 18.49+1.302ab 0.3128+0.016a 7.038+0.365a 0.782+ 0.040a 2.436+0.146bc

P-100 kg rai-1

OM-500 kg rai-1

OM-1000 kg rai-1

18.35+£0.962ab
15.56+0.938¢

16.24+4.028bc

0.3078+0.014ab
0.2593+ 0.015¢

0.2707+0.067¢

6.926+0.315ab
5.834+0.351¢

6.091+1.511bc

0.769+ 0.035ab
0.648+0.039¢

0.677+0.168bc

2.7714+0.126ab
2.617+0.140abc

2.625+0.604abc

APX: ascorbate peroxidase enzymatic activity, SOD: superoxide dismutase enzymatic activity, LOX: Lipoxygenase enzymatic

activity
A Qv = " = v v o = o
Tﬁ»ﬂﬂ!ﬁﬁ}: masgasluamsiaduaunge + ATTIUUYUVUUIATIIU, AIDNHINHIDINHNUANANNIU

HAAIDIANUUANA NN NADANTEAUANUFOTU 95%



d' a a [ d' [ 1 1 o
3199 14: onSnavessarleanoiaiszaua1e 9 aomsazaums 1u'lainsa (Carbohydrate),

9
Mmagalase (Glucose), & IA3e (Sucrose), Uan Ind (Lactose) ttazia Ing (Maltose) 11

a < dyﬂ/
WARANLUAANTVUDU
Carbohydrate Glucose Sucrose Lactose Maltose
Treatment » » » » »

(g 100g DM) (g 100g DM) (g 100g DM) (g 100g DM) (g 100g DM)
Control 30.05+ 3.066abc  2.73+0.278abc  1.82+0.185abc  4.12+0.420abc  4.85+0.495abc
P-5 kg rai-1 30.3742.209abc  2.76+£0.202abc  1.84+0.133abc  4.16+0.300abc ~ 4.90+0.354abc
P-30 kg rai-1 21.73+£5.836¢ 1.98+0.530c 1.3240.351¢ 2.98+0.801c 3.50+0.939¢
P-50 kg rai-1 23.70+4.130c 2.15+0.376¢ 1.44+0.252¢ 3.25+0.568¢c 3.82+0.665¢
P-100 kg rai-1 24.75+3.463bc 2.2540.313bc 1.50+ 0.210bc 3.39+0.475bc 3.994+0.559bc
OM-500 kg rai-1 36.28+3.746a 3.30+0.338a 2.1940.226a 4.97+0.513a 5.85+0.604a
OM-1000 kg rai-1 33.54+16.122ab  3.05+1.465ab 2.03+0.977ab 4.5942.207ab 5.41+2.600ab

1 { I 1 { 1 ] { v @ o { 1 @
Hnewa: mnnaaslumatluaunds £ MdubsaUWINATTIYN, AITNYINBISINgHAANAINY

o

HEAADIANIULUANA NN ADANTEA

ANUIFDTY 95%

v v Y
Mmaen 15: andnavessaveaesaiszauas q aemsazanluiuiwine (Total lipid)

1aznIA 1T udase Linolenic acid (W — 3), Linoleic acid (W — 6), Oleic acid (W — 9), Steric

. . . a <3 Y
acid, 1182 Palmatic acid TunananuaanULiou

Lipid linolenic acid linoleic acid Oleic acid Steric acid Palmitic acid
Treatment . " 1 1 1 -1
(g 100z DM) (mg g DM) (mg g DM) (mgg DM)  (mgg DM)  (mgg DM)
Control 52.33+1.80labc  67.92+0.329abc  18.89+1.167abc  18.36+0.314abc  2.14+0.035abc  7.53+0.127abc
P-5 kg rai-1 52.51£2.4741abc  68.19+0.444abc  18.96+1.607abc  18.42+0.433abc 2.15+0.031abc 7.56+0.176abc
P-30 kg rai-1 57.88+4.211a 75.17+0.758a 20.89+2.733a 20.31+£0.739a  2.37+0.066a 8.33+0.302a
P-50 kg rai-1 56.30+2.922a 73.1240.529a 20.33+£1.897a 19.76+0.510a 2.31+0.087a 8.10+0.211a
P-100 kg rai-1 55.414£2.527ab  71.96+0.458ab  20.00+1.64ab 19.44+0.44ab 2.27+0.05ab  7.97+0.184ab
OM-500 kg rai-1 46.67+2.810c 60.61+£0.509¢ 16.85+1.826¢ 16.37+£0.493¢ 1.91+0.089¢ 6.72+0.204c
OM-1000 kg rai-1  48.72+12.092bc ~ 63.274£2.182bc ~ 17.58+7.853bc  17.09+£2.122bc  1.99+0.249bc  7.01+0.870bc

A I | ] = v o o = "
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1.7.2.32 dnswavessigioarosaneilumals Rosmarinic acid Haznonssuansdiueyya
Sﬁfig‘ﬁﬁ'ﬂuﬂ (Total antioxidant activity) Gluﬁlﬂﬂﬁﬁlﬂu
vnmsAnseninavessgreanesanemsnlfeunasmsazaudSnmas

Rosmarinic acid uazﬁﬂm‘mmmmaéfmauy_aﬁmszwm (Total antioxidant activity) 1u
Nawﬁﬂimmqﬁyﬁamzw’mmm?igzﬁﬂmxst 104, 134 wag 157 Junaamsmizilgn
W fszezmansydula 157 *3uwﬁqm'§mwﬂQﬂﬁmsmﬁmmﬁqmiﬁma%aﬁaiz
182 a15 Rosmarinic acid TWUTuaigega Av 1.489 = 0.282 taz 23.06 = 2.934 pmole g
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NIINITNAADY  TAIMIADUAUOIVDINIALANANT Rosmarinic acid ADFIIILLIAINT
a a o Y o ' = .. . A 1
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o 9 a a dysl VA = < = 1
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.. . A [l 1 [ aa A ~ Y
@15 Rosmarinic acid Tulufimlduanaredumeada (U 4aA) lusmzimsazavasdm
a Add‘d 9 [ a [ 1 1 [ Qdd’d
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M319h 16: dnTwavesszeziyay Ia nazsigeareiademsazauninssuasdiueyya

4 9
DATLNINUA (Total antioxidant activity) 118¢ @13 Rosmarinic acid Melunananlunvdon

Treatment Total antioxidant activity (IC,) Rosmarinic acid content (umole g-l)

Planting time (Day after planting; DAP)

104 0.823 £0.357b 11.71 £3.065b
134 0.864 £ 0.242b 12.64 +£2.940b
157 1.489 +£0.282a 23.06 +2.934a

Fertilizer application (kg raihl)

Control (0) 1.134 £+ 0.424abc 13.78 + 6.898¢
P-5 0.970 +0.430cd 15.91 + 6.444ab
P-30 1.003 + 0.430bcd 16.84 £5.778a
P-50 1.246 +0.533a 17.71 £4.507a
P-100 0.993 +0.331cd 16.20 £ 5.308a
OM - 500 0.880 £ 0.415d 14.01 + 6.598bc
OM - 1,000 1.187 £ 0.340ab 16.16 £ 6.196a
cv 24.44 17.31

1 { I 1 4 1 {1 { v @ o { 1 @
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q’ a A IS A [ J 1 a = g .
M1519N 21: amwmJmmqiwgmamummmn q aolsua lUsAunavive (Total protein),
1A o 4 . . .
MAINTTUMIMIAUY AU T3l Ascorbate peroxidase (APX), Superoxide dismutase (SOD),

. A o . s g
uay Lipoxygenase (LOX) uazmiéfm@uyjaaasz (Antioxidant activity) MUHARAANAALN

9

a2 9y
VUL
Protein APX SOD LOX Antioxidant activity
Treatment 4 4 4 4
(g 100g-1) (umole min  100mg protein) (activity mg protein) ( activity mg protein) ac,y)

Control 16.12+1.0453bc 0.293+0.0152bc 5.861+0.1337bc 0.708+0.0441bc 2.370+0.1136bc
K-5 kg rai-1 15.63+£0.2172¢ 0.28+4.031E-034c 5.68+0.08822¢ 0.687+9.940E-03¢ 2.300£0.0277¢
K-30 kg rai-1 18.89+0.1436a 0.344+2.650E-03a 6.869+0.0607a 0.830+0.0402a 2.776+0.0240a
K-50 kg rai-1 18.49+0.4488ab 0.336+0.0165ab 6.725+0.1895ab 0.813+0.0213ab 2.720+0.0748ab
K-100 kg rai-1 18.3540.1597ab 0.334+2.918E-03ab 6.671+0.4584ab 0.806+0.0212ab 2.700+0.0264ab
OM-500 kg rai-1 15.56+0.1677c 0.28+5.950E-033c 56.57+0.5382¢ 0.68+0.01724c 2.288+0.0278c
OM-1000 kg rai-1  16.24+0.3022bc 0.295+5.405E-03bc 5.905+0.1276bc 0.714+0.0304bc 2.388+0.0504bc

APX: ascorbate peroxidase enzymatic activity, SOD: superoxide dismutase enzymatic activity, LOX: Lipoxygenase enzymatic
activity
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M 22:  andwavessg InundFeuiiszauan 9 demsazaums lulanse
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(Carbohydrate), ﬁmwaga%aﬁ (Glucose), Glﬂﬂiﬁ (Sucrose), wan Ind (Lactose) wagla Ing

a < y
(Maltose) Tumanaaaanvion

Carbohydrate Glucose Sucrose Lactose Maltose
Treatment I 3 I 9 I

(g 100g DM) (g 100g DM) (g 100g DM) (g 100g DM) (g 100g DM)
Control 28.80+5.0174abc  2.50+0.4594abc  3.72+0.3015abc  8.17+0.6847abc  4.63+0.8210abc
K-5 kg rai-1 32.8741.0425ab  2.86+0.0945ab  4.24+0.0643ab  9.33+0.1420ab  5.29+0.1733ab
K-30 kg rai-1 23.154+0.689%4c¢ 2.024+0.0643¢ 2.9940.0428¢ 6.57+0.0954c¢ 3.73£0.1125c¢
K-50 kg rai-1 20.82+2.1543¢ 1.81+0.1974¢c 2.69+40.1295¢ 5.91+0.2966¢ 3.35+0.3525¢
K-100 kg rai-1 25.4540.7668bc  2.21+0.0686bc  3.28+0.0456bc  7.22+0.1041bc  4.09+0.1270bc
OM-500 kg rai-1 ~ 33.16+0.8049ab  2.88+0.0716ab  4.28+0.0472ab  9.41+0.1083ab  5.33+0.1310ab
OM-1000 kg rai-1  34.29+1.450a 2.98+0.1341a 4.43+0.0880a 9.7340.1985a 5.5240.2349a

A S 1A ] = v o o = "o
"r’i?»l"l‘c’l!ﬁ‘ﬂ: manaaslumsiuiuaunge + ATTIUUYUVUUIATIIU, AIDNHINHIDINHNUANANNU

LL’CW]Qﬁiﬂ’fl’lmmﬂﬁ’lﬂﬂ’mﬁaaﬁi3 ”umwm%ﬂu 95%

v v A
M9 23: INTNAVRIEIA TNuNATouNTZAUA 9 Aomaazan luiuNwNe (Total lipid)
waznsa luiudase Linolenic acid (W — 3), Linoleic acid (W — 6), Oleic acid (W — 9), Steric

a < Y
acid, 1A% Palmatic acid Tuwandnuanniiou

Lipid linolenic acid linoleic acid Oleic acid Steric acid Palmitic acid
Treatment » " » " 4 4
(g 100g DM) (mg g DM) (mg g DM) (mg g DM) (mg g DM) (mg g DM)
Control 58.58+3.5318bc  67.05+2.2957bc  12.89+0.6534bc  16.50+£0.6181bc  2.48+.0.0724bc  6.99+0.2543bc
K-5 kg rai-1 50.01+0.7938¢ 65.00+0.5160c 12.50+£0.1469¢  16.00+0.0955¢  2.40+0.0163c 6.77+£0.0572¢
K-30 kg rai-1 60.45+0.5458a 78.59+0.3548a 15.11+0.1010a  1935+0.2985a  2.90+0.0112a 8.19+0.0393a
K-50 kg rai-1 59.18+1.7055ab  76.93+1.1086ab  14.80+0.3155ab  18.94+0.0437ab  2.84+0.0350ab  8.01+0.0.1228ab

K-100 kg rai-1

OM-500 kg rai-1

58.71+0.6070ab

49.78+0.6372¢

OM-1000 kg rai-1 51.97+1.1483bc

76.32+1.0.3946ab
64.71+0.4142¢c

67.56+0.7464bc

14.68+0.1123ab
12.45+0.1179¢

12.99+0.2124bc

18.78+0.1062ab
15.93+0.1115¢

16.63+0.2010bc

2.82+0.0124ab
2.39+0.0131c¢

2.49+0.0235bc

7.95+0.0437ab
6.75+0.0459¢

7.04+0.0827bc
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E)‘Lgigjﬁﬁ)ﬁi%ﬁ&ﬂﬂﬂ (Total antioxidant activity) 482 ®13 Rosmarinic acid melumanaaluan

4

= 9
VUOU

Treatment  Total antioxidant activity (IC,) Rosmarinic acid content (umole g'l)

Planting time (Day after planting; DAP)

104 0.804 +0.362b 9.32+2.420c
134 0.782 £0.219b 10.70 + 1.702b
157 1.505 £ 0.396a 15.24 +2.821a

Fertilizer application (kg rai'l)

Control (0) 1.134 + 0.424ab 9.18 +1.959d
K-5 1.079 + 0.794abc 10.71 +£2.998¢
K-30 1.038 £ 0.451abc 10.96 + 1.935¢
K-50 0.966 + 0.379bc 12.78 £3.011ab
K-100 0.928 + 0.289bc 13.92 +3.498a
OM -500 0.880 £ 0.415¢ 12.41 £ 4.362b
OM - 1,000 1.187 £ 0.340a 12.29 +3.387b
cv 27.28 14.12
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