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Effect of Type of Organic Matter and Cultivation Methods on Glycyrrhizic
Acid Content and Morphophysiological Characteristics of Licorice
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Table 1. Phisicochemical properties of farm soil at two depths of 30 and 60 cm.

Sd ey 6, Fe ool e

e il . L O39rs B vy Sl Jols edlb gl SL Ges
Soll =% o :;“((y) i i"/) ol “’“E(y) P K Zn  Mn Fe Cu T. N (%) EC (msim)) pH  Depth of soil (cm)
oll texture an (] it (% ay (%
g (g kg
(s Clay 24.84 34.72 40.44 24 490 035 9.974 1948 0.71 0.123 0.742 7.9 0-30 cm
(s, poh) Clay Loam 24.84 36.72 38.44 9 410 0.254 7.642 0/694 0.438 0.075 0.702 8.04 30-60 cm
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Table 2. Physicochemical properties of vermicompost, Licorice waste root and manure used in the experiment.

(mg kg™) ARV N pOw i
e csls e S olge
R e foeelS ot el S9 e o2 o il e pH Organic matters
Na Mg Ca p K Zn Mn Fe Cu T.N(%)  EC(msm?)
0.8 05 1.73 0.85 76 SosreSisns
Vermicompost
Ol et A
1325 156.7 53.7 2250 650 190.7 1273.3 53.7 14 1.3 6.3 Licorice waste
root
. &35 255
1818 5757 8750 3300 262.7 348.7 2450 30.6 2.1 5.9 9.4
manure
*: With 5: 1 suspension (one gram of sample in 5 cc of distilled water).
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Table 3. Comparison of the mean of simple effect of culture methods on morphological traits of licorice.

aaed Ay p,S
(8/plant) (9/plant)
s CeAS by,
o sleplal Sz 59 L R
. Aoy Ois e slaplal 5 3 Cultivation
Aoy SES s i S 2 O) Method
Root Dry Weight Root Fresh " Shoot Fresh etho
y 9 Weight ShOO_t Dry Weight
Weight
556+ 160 2 1272+ 424° 1241+ 435° 193.8+85.8° :
Transplanting
352+ 168 ° 796+ 388 ° 97.7+28.4° 1425+ 48.1 2 e : s
Seeding

The means with the same letters in each column do not differ significantly at the 5% probability level of the Duncan
test.
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Table 4. Comparison of the average simple effect of organic matter onmorphological traits of licorice.

(9/plant) wg s o5 (9/plant) wy s o5

aiy, S5 o Aoy Fiy59 slaplal Sas (5 e slaplsil 55 ' S olse
Root"Dry W:ight Root Fresh S Shoot Fresh Organic Matter

Weight Shoot Dry Weight Weight
420+ 180° 704+ 328 ¢ 79.3+28.1°¢ 125.2+55.4 ¢ Control wsls
a b a a M%&S‘Sﬁ)j
480+ 190 992+ 504 118.1+ 47.3 188.9+ 77.6 Vermicompost
452+ 172 @ 900+ 372°P 96.1+ 26.3 b 131.2+58.9 b Lico?ic: ’Mmot
waste
432+ 216° 1208+ 488 2 118.6+ 36.9 2 184.4+71.8° Manure _dss,s

The means with the same letters in each column do not differ significantly at the 5% probability level of the Duncan
test.
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Table 6. Comparison of the mean of interaction between culture methods and applied levels of organic matter on
morphological traits and licorice.

(g/plant) s, s o5 (g/plant) 55 o5
adey S0
Ay SES 3 Root Fresh s sleelil ez 5 slon slaplxl 5 05 s
Root Dry Weight Shoot Dry Weight Shoot Fresh Weight o
. Treatment
Weight
456+160 ° 936+ 280 ° 83+27.1¢% 14.2+60.5° 055 o938l (gt o las
Transplanting*Control
456+116° 1084+ 268 111.3+23.9« 149.3+57.1° S 8 o Ve e olis
Transplanting*10 ton/ha
620£120 @ 1300+ 220° 141.9+29.5%® 229.8+88.2% S 0 o5 Ve mlaws olis
Transplanting*20 ton/ha
7804842 1764+384 @ 160.3+46.6 2 256.1+78.9° S 8 o5 Fe mlaw olas
Transplanting*40 ton/ha
3804200 ° 468+ 1681 75.6+30.3° 110.3+ 485" 355 53938l gt 0
Seeding*control
360+180 ° 916+ 460 © 98.7+15.2 ¢¢ 137.7+£23.2° S 8 o5 ) e s )b
Seeding*10 ton/ha
332+164° 912+ 276 °¢ 115.8+21.2 b¢ 168.1+49.6 ° Seeding*20 ,Sa ;o o5 Ve mhwi,d
ton/ha
328+140° 880+ 436 ¢ 100.7+31.5¢¢ 154+ 51.7° Seeding*40 ,Sa o o5 - mhawi,d
ton/ha

The means with the same letters in each column do not differ significantly at the 5% probability level of the Duncan
test.
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Table 7. Comparison of the mean of interaction between organic matter and their levels on morphological traits of
licorice.

Root Dry Weight (g/plant) Root Fresh Weight Treatment
y Weight (gp (g/plant)

3524180 680+328 ©
528+152 @ 8964384 b

Control sals

476224 % 1120380 ™ Vermicompost *10 ,tsa ;s o5 )+ rlawitisgenS 509

ton/ha

560+168 @ 12524668 Vermicompost *20 S ;3 o5 ¥+ amawitCgeaS oo )9

ton/ha

368+96 * 836+284 ™ Vermicompost *40 ,iSa o o5 F+ plawitosgmaS o5

A X ton/ha

536+188 1096176 ™ L.RW.2*10 ton/ha e 1 o5 V- gelanstlaris s allis

5164192 2 988532 b L.R.W.*20 ton/ha e ;s o5 ¥+ ghawitlocn et allis

- - L.RW.*40 ton/ha s s o5 B+ gelansit b ety allis

328+152 " 12724312 ® Manure*10 ton/ha,tse o o5 Ve mlawt s 355

Manure*20 ton/ha,tse ;o ;5 ¥+ gawst cals 85

4164216 1104396 > Manure*40 ton/ha s ,s o F+ el ool 355
456304 ® 1728+412 2

A3l gl sme glas Sils a0l 0 Jleil gl 48 (g 2 40 Sy slads > sl sla il
The means with the same letters in each column do not differ significantly at the 5% probability level of the Duncan
test.
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Table 8. Comparison of the mean interaction of culture methods, organic matter and their levels on morphological traits of licorice
Ol (23,10 obS Su3elsd 00 Slao Ll okaw 5 (Jolge «iiS sla by, iiSen (5l dulio A Jour

Root Dry Weight (g/plant) (ws ;o ¢,5) atu, S 54

Seeding (s i puiias cuiS Transplanting L cus Cultivation <2 s,
Method
Manure Licorice Root Waste Vermicompost Manure Licci/r\;gzteRoot Vermicompost G5 54 s
Applied Level
Control sals
60464 &4 296+184 &9 240476 9 440+192 of 464196 ¢ 4641232 ¢ S s -5
p) PN
196+8 f 320+108 &9 568+100 ¢ 460160 ¢ 420456 ¢ 488+208 *¢ 10 ton/ha
b- - -d -d - S o 5 Y
244+124 %9 4564190 °* 292+124 &9 584+124 # 616+172 @ 660+96
20 ton/ha
184+60 ¢ 384+128 49 416476 ©9 732448 @ 648+128 &°¢ 704464 bSa s 5 ¥
p) »o T
40 ton/ha

The means with the same letters in each column do not differ significantly at the 5% probability level of the Duncan test.
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adgi 1) Gd 5o )8 ke YAIN) asslis Jlade o oo w0l jlows ald 095 5 olis cltS 5 )b 5l as SalS ols olas
LaS ol Jols lacp s dllas 0,015 g 500 poiens <iS Jlad 50 (id 50 0,5 sho THIA) aisilis jlade o yieS 0508
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Table 9. Comparison of the average simple effect of organic matter on physiological traits of licorice.

%6) S 32 yralS Sl Kol Nap o I olse
Glycyrrhizic Acid (g/kg d.w) (g/kg d.w) Organic Matter
. . G gaS (509
2+0.4 7+2.7 0.5+0.132 Vermicompost
2.3+0.52 8.4+3.42 0.4+0.19" e B
Licorice root waste
2.4+0.4% 8.3+3.3° 0.5+0.16 2 Manure_olsss

The means with the same letters in each column do not differ significantly at the 5% probability level of the
Duncan test.
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Table 10. Comparison of the mean of interaction between culture methods and organic matter on physiological
traits of licorice

Na g Starch «i.Li Treatment L.
(9/kg d.w) (mg/1) St

da.u%.AS‘SA)B J;é!é‘stu}.} [ORAY

Vermicompost*Transplanting

0.6+0.09 * 49.6+21.6 oo et Aot ot

L.W.R.*Transplanting

0.5£0.12° 71.9+34.8 % oo 25 glas cas

Manure*Transplanting

0.6+0.152 78.1+416% 095 # 30y palis oS
0.42+0.1 b 71.4+£38.3 % . W%‘.\Sdﬁ

Vermicompost*Seeding

allasse 3 ISOSLINAY

0.20.07 ¢ 46.8+28.8" o et
0.4+£0.09 ¢ 485+32.3® L.W.R.* Seedling

‘5‘0“) \)95%:‘):).? . b . :.S

Manure* Seedling
The means with the same letters in each column do not differ significantly at the 5% probability level of the
Duncan test.
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Table 11. Comparison of the mean of interaction between culture methods and applied levels of organic matter
on potassium content of licorice

Kol sl
(g/kg d.w) Treatment
4.440.7 ¢ 355 509380 g glas e

Transplanting *Control
S o o Ve maw ol oS

+ cd
>AELT Transplanting*10 ton/ha
6.342 4 °¢ By )_»QSY-’ ot glo cus
Transplanting*20 ton/ha
484120 S 48 o \‘: rhw® ol cus
Transplanting*40 ton/ha
9.4+06" 355 (3998l (9t jdy s CalS
Seeding*Control
10.4+1.8 % S AR S ]
Seeding*10 ton/ha
10.9+1.3® S jo (5 Ve a8y pedtes CulS
Seeding*20 ton/ha
11.7+1.82 LS 5o 5 Tl )3 el i8S

Seeding*40 ton/ha
The means with the same letters in each column do not differ significantly at the 5% probability level of the
Duncan test.
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Table 12. Comparison of the mean of interaction between organic matter and their levels on physiological traits
of licorice.

() G2 S sl Starch Slesd
Glycyrrhizic Acid g/l Treatment
2+0.5 ¢ 56.8+36.0 &°¢ Control sals
2.2+0.4 ¢ 57.2431.7 ¢ ’ o e i s
.240. WansSH Y Vermi*10 ton/ha
2+0.3¢d 51.7422.8 &€ ’ ot e i e
+0. N e Vermi*20 ton/ha
91.9+06 7654451 ¢ 2 ST St
9+ DT, Vermi*40 ton/ha
LS ,0 o5 Ve 3L oy s allis
21406 40.5+21.7 ¢ Rl e
1+0. oxel L.W.R.*10 ton/ha
LS Y. Lo e allas
284028 91.3+21.22 ST s
.820. e L.W.R.*20 ton/ha
LS A Lo e o allas
2.2+0.1¢ 36.7+417.2°¢ ST s
.210. JSELL L.W.R.*40 ton/ha
LS o o5 Ve s ol
2.3+0.3bd 61.8+52.3 ¢ o et
.3+0. .0+5Z. Manure*10 ton/ha
LS o ;5 Ve %, ol
2.5+0.5%°¢ 44.9+27.1 be HEpe T St
.520. JELL Manure*20 ton/ha
Bl T A @a.aiiésa‘o 555
2.7+0.4% 63.6+36.7 &€

Manure*40 ton/ha
The means with the same letters in each column do not differ significantly at the 5% probability level of the
Duncan test.
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Table 13. Pearson correlation between vegetative factors and glycyrrhizic acid content of post-harvest licorice.
Sl sl 2 o)Ll S (09 ady) S 09
Glycyrrhizic Acid (%) Shoot Dry Weight Root Dry Weight

Glycyrrhizic Acid (%)
o Ll S35

1.00 0.406™ -
Shoot Dry Weight
1.00 aly SES ()59
Root Dry Weight
**: Significant at 1% probability level ~ *: Significant at 5% probability level
ns: Not significant
S se S 3524 pas NS 10 Joi! mhaw jo jlo sxe * 1N Jleisl o jo lo e x*
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Fig. 1. Graph of glycyrrhizic acid yield per unit area (kg / ha). Mismatched letters indicate the significance of the means at the 1% probability level.
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This study aimed to investigate the effect of cultivation methods and different organic matters
(vermicompost, Licorice root waste and manure) on glycyrrhizic acide contant and morphophysiological
characteristics of Licorice (Glycyrrhiza glabra L.). Treatments comprised of two cultivation methods
(transplanting and direct seeding) in combination with three types of organic matter (vermicompost,
Licorice root waste and manure) at four levels of 0, 10, 20 and 40 tons per hectare. Results showed that the
highest root fresh and dry weight was achived in transplanting method in 40 tons per ha of each manure.
The highest starch content was attained from transplanting method in addition vermicompost at 20 and 40
tons per ha with no significant differences. The amount of root sodium in transplanting cultivation method
and application of vermicompost and manure was significantly higher than the application of Licorice waste
root together with seedling cultivation method.The highest amount of root potassium was obtained in the
application of 40 ton per ha of Licorice waste root and manure.The maximum glycyrrhizic acid percent was
recived in the application of 20 ton per ha of licorice waste root and the highest glycyrrhizic acid yield per
ha was obtained from transplanting method plus application of manure at 20 and 40 tons per ha and Licorice
root waste at 20 ton per hectare with no significant differences. In general, transplanting method as well as
application of 20 to 40 tons per hectare manure or 20 tons per hectar of Licorice root waste is recommended.
Keywords: Glycyrrhizic acid, Licorice root, Licorice waste root, Manure, Seedling, Transplanting,
Vermicompost, Yield.



