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Background and objectives: In order to increase the quantity and
quality of plant production in sustainable agriculture system, the co-
application of organic and inorganic (chemical) fertilizers are in great
importance. The co-application of organic and chemical fertilizers
could potentially increase both plant growth and crop yield by
improving the soil quality properties and enhancing the uptake of
plant nutrients. In this approach, a proportion of needed plant
nutrients is supplied by the chemical fertilizers and the rest is
provided by organic fertilizers. Meanwhile, in this study the co-
application of the organic i.e leonardite, vermicompost and black
soils and their extracted humic acid and the inorganic fertilizers were
studied. The main objective of this study was to investigate the effect
of co-application of some organic amendments and chemical
fertilizer on yield, yield components and concentration of some
nutrients in green pepper.

Materials and methods: To investigate the effect of co-application
of some organic amendments on the yield and yield components of
green pepper, a split-plot design over randomized completely design
in three replications at pot-experiment level was conducted in 2019
growing season. In this experiment, the main factors include three
types of organic amendments (leonardite, vermicompost and black
soil) and sub-factors were 14 levels including (control, chemical
fertilizer treatment (NPK) according to soil test, leonardite in three
levels (2.6, 5.2 and 7.8 t ha™), extracted humic acid from leonardite in
three levels (2.6, 5.2 and 7.8 Kg ha™"), leonardite at the level of 2.6 t
ha™ with 75 % of needed chemical fertilizer (NPK), leonardite at the
level 5.2 t ha! with 50 % of needed chemical fertilizer, leonardite at
the level of 7.8 t ha' with 25 % of needed chemical fertilizer,
extracted humic acid from leonardite at the level of 2.6 Kg ha™ with
75 % of needed chemical fertilizer, humic acid extracted of
leonardite at the level of 5.2 Kg ha™ with 50 % of needed chemical
fertilizer and the humic acid extracted of leonardite at the level of 7.8
Kg ha' with 25 % of needed chemical fertilizer were considered.
Furthermore, all sub-surfaces for vermicompost and black soil
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treatments were similar to those for leonardite treatment.

Results: The results indicated that co-application of organic
amendments and chemical fertilizers and its interaction effect had
significant effects on yield, yield components and concentration of
nitrogen, phosphorous and potassium of green pepper fruit.
Application of extracted humic acid from leonardite (2.6 Kg ha™)
with 75 % of NPK was able to increase yield of pepper, plant height,
leaf area and total leaf chlorophyll 6, 1.7, 2.3 and 2.7 time compared
to the control. Also, the highest amount of nitrogen, phosphorus and
potassium of green pepper fruit increased by 7, 2.8 and 2.9 times in
the above treatments compared to the control, respectively.

Conclusion: The co-application of organic fertilizers and extracted
humic acid with chemical fertilizer increase the concentration of high
elements such as nitrogen, phosphorus and potassium in green pepper
fruit as well as vegetative traits such as plant dry weight, plant height,
chlorophyll content and leaf area in green pepper. In fact, leonardite
and extracted humic acid due to the increased root uptake and the
chelating ability of the element, will make these elements more
available to the plant. In general, the combined application of humic
acid and chemical fertilizers (NPK) due to the richness of nutrients
required for plant growth of green pepper compared to the control
treatment.

Cite this article: Salehi-Nasab, N., Bahmanyar, M.A., Emadi, S.M. 2022. The application effect of
leonardite, vermicompost and black soils on the yield, yield components and concentration
of some nutrients in green pepper (Capsicum Anuumm L.). Crop Production Journal, 15 (4),
101-118.
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Table 1- Some physical and chemical properties of the studid soils and the applied amendments.

s gt Ty Sk cessbsd o30S o8 Ol Sl
Charachteristics Units Soil Leonardite Vermicompost Black soil'
pH 7.2 3.36 7.4 7.3
uS cm!
EC ool s 53,50) 812 447 489 1889
JS 0l
(1o, %
(Total Nitrogen) . 0.26 2 ! 2
A mg ke’ 10.75 159 60.32 191
(Available Phosphorous) (cSAS 5 o8 ) : :
o 6 euly mg kg!
- ¢ 2 156. 133.34 440.
(Available Potassium) (rS5S 5 p S k) >0 36.5 333 0.5
dalas S’ 2l S
Calcium Carbonat ) (1z,3) % 23.52 2.11 16.45 13.39
(Equivalant
(Organic Carbon) Ji ., s (12)3) % 2.63 21.06 12.48 23.81
. N mg kg'!
(Available Fe) ol LG ol (5SS 41 103.6 137.4 500.6
. S mg kg!
(Available Zm) i JB s (¢ & e i 1.40 4.2 7.3 35.09
. ) ) mg kg!
(Available Cu) i JB e (¢ 1 s 175 5.1 1.05 42
Avatlable) oz 6 55 me ke’ 4.08 12.81 6.23 94.5
Mn (¢SS 5 S ke 0 : : :
Clay) -, (4s53) % 34.8 - - -
(Silt) e (1o,3) % 60.6 - - -
(Sand) ., (4,3 % 4.6 - - -

1. Black soil: 55 3 s 4 Olovsl S 5l a8 Sl colaal S L sl St

YoV
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Table 2- Analysis of variance (mean squares) for the effect of organic amendments on yeild and yeild components of

green pepper.
ax ) Y Y 5
= e T o y d? T Jsl,lmﬁs
o s
S0V < Yeild  Plant height ca oal lea
df surface chlorophyll
(Replication) ,| S5 2 0.0012 0.626 0.597 0.006
(Treatment) ,las 2 1089.11**  1967.05™ 332.31™ 36.53*
Qo)) ) o
Error (Replication*Treatment) 4 0.0005 0.269 0.055 0.004
(Treatment levels) Jlos sl 13 365.20" 476.50™ 400.13* 86.80™
)L“:J Cjk'ﬂ -:Eé )LQCJ *k *k *k ok
26 17.90 28.11 5.42 0.67
(Treatment*Treatment levels)
Gles leaﬂ.-:ze)l,,:;-:ze)ljﬁ) o
Error(Replication*Treatment* Treatment 78 0.0017 0.027 0.366 0.012
levels)
(Total) Js 125 7391.65 10883.65 6037.37 1220.15
ol s o g
R et et 0.22 1.42 2.44 1.23

C.V (%)

** Significant at p<0.01
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Table 3- Mean comparison of organic amendments on plant yield and the height of green pepper.

Sl oS pllol e (5 8 5% 0,5) 2 Shas (reil)e s gl
Organic amendments Treatment Yeild (g per plant) Plant height(cm)

Blank 5.23N 20.00 &

NPK 18.20 ¢ 40.66!

Cl 20.93" 40.00!

C2 18.63 K 38.33"

C3 16.40 M 35.33K

HA Cl1 2550 F 44.66 F

HA C2 23.06 1 4233 H

HA C3 21.80" 40.33!

C1+0.75NPK 31.00 P 47.66 P

G1 (Leonardite) C2+0.5NPK 28.46 F 46.00 E

C3+0.25NPK 24.80 6 43336

HA C1+0.75NPK 36.66 A 54.66 A

HA C2+0.5NPK 34538 52.33B

HA C3+0.25NPK 31.40°€ 50.33 €

Blank 520N 20.00 N

NPK 18.20 P 40.66 A

Cl 10.60 ¥ 25.66°

C2 830" 23.66 -

C3 6.50 M 21.66 M

HA Cl1 15.06 F 29.66 G

HA C2 13.101 26.66 !

HA C3 11.60" 24.66 X

C1+0.75NPK 19.20 € 33.66 P

. C2+0.5NPK 14.206 30.66 F

G2 (Vermicompost) C3+0.25NPK 12.70" 28.66 "

HA C1+0.75NPK 22.40 4 38.66 B

HA C2+0.5NPK 20.60 B 35.00€

HA C3+0.5NPK 18.00 E 32.66 F

Blank 520N 20.00 &

NPK 18.20 11 40.66 F

Cl 15.90° 35.331

C2 12.50 & 33.33!

C3 9.10M 30.33 K

HA C1 18.90 6 39.66 ©

HA C2 16.40! 37.33H

HA C3 13.90 K 35.66 !

C1+0.75NPK 24.30 B 4633 ¢

. C2+0.5NPK 21.00 P 4433 D

G3 (Black soils) C3+0.25NPK 19.60 F 41.66F

HA C1+0.75NPK 28.06 A 50.66 A

HA C2+0.5NPK 23.80 ¢ 48.33 B

HA C3+0.25NPK 20.53 F 46.66 ©

HAC: HAC) casspllol oS 5 5 s 5o o5 VIA 5 0/Y 3 G 5w 13, Gp, Cr s O3l bl olesi 3,5 NPK waals Blank
Gola e Sl Gl clie G b plajlag gt a3 SKs L3 p SLS VA 5 0/Y Y e gl Al e o < 54 HAGs
At oS sl 3le a1, LSD O3l bl dsys 0 e 2

Blank: control, NPK: chemical fertilizer, Ci, C2, Cs: 2.6, 5.2, and 7.8 tons per hectare of each soil organic
amendments, HACi1, HACz, and HAG;, respectively, the extracted humic acid from each soil organic amendments at
doses of 2.6, 5.2, and 7.8 kg per hectare. In each column, the treatments with similar letter, indicates no significant
difference at the 5% level based on the LSD test for each soil amedments.
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Table 4- Mean comparison of organic amendments on the amount of leaf surface and chlorophyll of the whole leaf of

green pepper.
3}{ clﬁw 3}3 Js J"UJJS
S oSl Sl GRS (36 23l e S 55 0 S L)
Organic amendments Treatment Leaf surface Total leaf chlorophyll
(cm? in plot) (mg/g fresh mass)
Blank 11.66 M 446N
NPK 22.00 ¥ 6.80 L
Cl1 25.331 10.60 F
C2 23.337 7.96°
C3 21.00 ¢t 6.33M
HA C1 29.66 F 12.73 P
HA C2 26.66 1 9.60H
HA C3 24.007 7.46 K
C1+0.75NPK 34.66 € 14.60 B
Gl (Leonardite) C2+0.5NPK 30.66 £ 11.36 E
C3+0.25NPK 28.66 G 8.76!
HA C1+0.75NPK 39.33 4 16.56 A
HA C2+0.5NPK 36.33B 13.36 €
HA C3+0.25NPK 33.66 P 9.96 G
Blank 11.66 ¥ 4.46L
NPK 22.00 F 6.80!
Cl1 19.33 G 9.53F
C2 15.66! 7.26 1
C3 13.667 540K
HA C1 2433 E 11.53P
HA C2 20.33 G 8.03€C
HA C3 17.33H 6.36"
C1+0.75NPK 27.66 € 13.53 B
. C2+0.5NPK 24.66 E 10.76 E
G2 (Vermicompost) C3+0.25NPK 2233° 8.06 G
HA C1+0.75NPK 32.66 A 15.16 4
HA C2+0.5NPK 30.33B 12.43 €
HA C3+0.5NPK 26.33 0 9.56 F
Blank 11.66 ¥ 4467
NPK 22.00 G 6.80C¢
Cl1 21.66 G 8.06 F
C2 18.66! 6.00 1
C3 16.667 4.667
HA C1 2433 F 9.76 P
HA C2 22.66 G 7.50F
HA C3 20.66 1 5.701
C1+0.75NPK 32.00 € 11.86 B
. C2+0.5NPK 28.66 P 9.73 D
G3 (Black soils) C3+0.25NPK 2633 F 6.86 G
HA C1+0.75NPK 35.66 A 13.96 A
HA C2+0.5NPK 33.66 B 10.83 €
HA C3+0.25NPK 29.66 P 8.30F

HAC: HAC! oS zlol o8 5 5l s 55 05 VIA 50V Y i ja (G, Gp, Cr s Oge51 elal 5 olesd 5,5 NPK casls Blank
Glssme sl shls alie G b plajlas st a3 LS 53 0 SLS VA 5 0/ Y gl 52 el Al S gn s 54 HAGs
At oS ol esle o gl LSD 0051 el Ao ys 0 e 52

Blank: control, NPK: chemical fertilizer, Ci, C2, Cs: 2.6, 5.2, and 7.8 tons per hectare of each soil organic
amendments, HAC1, HAC:, and HAG;, respectively, the extracted humic acid from each soil organic amendments at
doses of 2.6, 5.2, and 7.8 kg per hectare. In each column, the treatments with similar letter, indicates no significant
difference at the 5% level based on the LSD test for each soil amedments.
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Table 5- Analysis of variance (mean squares) for the effect of organic amendments on concentration of nitrogen,
phosphorouse and potassium in green pepper.

et mbe EEIRES Qs B =
S.0.V df Nitrogen Phosphorous Potassium
(Replication) ;| s 2 0.010 0.000079 0.0098
(Treatment) ,les 2 20.65™ 0.18" 2.99"
Glegse )| ) U
o {’g 4 0.008 0.000079 0.0059
Error (Replication* Treatment)
(Treatment levels) Loy sl 13 23.90™ 0.17" 11.05™
26 0.50 0.0058 0.14
(Treatment*Treatment levels)
Gles s las 1 SO) U
e gL 78 0.027 0.000592 0.0052
Error (Replication*Treatment* Treatment levels)
(Total) Js 125 367.36 2.78 153.86
G OV VIS W)
T s e 4.70 472 1.95

C.V (%)

**: Significant at p<0.01
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Table 6- Mean comparison of organic amendments on concentration of nitrogen, phosphorous and potassium (%) in

green pepper.
Sl oS ol Organic Sleg (Ao 3) 05 28 (Lo )3) jaud (Ao 33) sl
amendments Treatment Nitrogen (%) Phosphorous (%) Potassium (%)
Blank 1.067 020F 1.50 ¢
NPK 1.531 0.33F 220K
Cl 3.366 0.60 € 3.90 H
2 2.76 1 0.50 P 3.40!
C3 2.46H 0.50 P 2.80"
HA Cl 4.93F 0.70 B 430F
. HA C2 3.90F 0.60 € 4.166
G1 (Leonardite) HA C3 3306 0.50 P 3.30!
C1+0.75NPK 6.50 B 0.70 B 523¢
C2+0.5NPK 546D 0.66 B 4.93P
C3+0.25NPK 4.63F 0.60 € 4,001
HA C1+0.75NPK 7.70 A 0.80 A 5.90A
HA C2+0.5NPK 5.96¢ 0.70 B 5.63B
HA C3+0.25NPK 553D 0.60 € 4.63F
Blank 1.06 020F 1.50%
NPK 1.53H 0.33F 2.207
Cl 2.96F 0.60 B 3.73F
2 2.106 0.50 € 3.306
C3 1.66 1 0.40 P 2.90!
HA Cl 426D 0.70 A 4.16€
. HA C2 3.30F 0.50 € 3.53F
G2 (Vermicompost) HA C3 2.306 0.50 € 3.10H
C1+0.75NPK 5508 0.70 A 4.90B
C2+0.5NPK 4.76 € 0.60 B 3.80F
C3+0.25NPK 3.20F 0.50 € 3.43F
HA C1+0.75NPK 6.63 A 0.70 A 5.50A
HA C2+0.5NPK 570 B 0.60 B 4.86B
HA C3+0.5NPK 4.03P 0.60 B 3.93P
Blank 1.06 K 0200 1.50%
NPK 1.531 0.33F 2.207
Cl 2236 0.40 F 3.56 FE
2 1.83H 0.40 F 3.066
C3 1.30" 0.30F 2.63!
HA Cl 3.23F 0.50 PC 3.96P
. HA C2 2.60F 0.46 P 3.46F
G3 (Black soils) HA C3 1.93 1 0.40 F 2.80H
C1+0.75NPK 4.16€ 0.53 ¢ 4.80B
C2+0.5NPK 3.63D 0.50 PC 4.03P
C3+0.25NPK 2.46F 0.40 F 3.166
HA C1+0.75NPK 5204 0.66 4 5264
HA C2+0.5NPK 4.56B 0.60 B 4.50€
HA C3+0.25NPK 3.73D 0.50 PC 3.63F

HAC2HACH oS pllol oS 5 51 ) )3 05 VA 5 0/ YA i i 1G5, G, Cr s Oyl bl » olens 3,8 NPK cials Blank
Gols e Sl Gl clie G b plajlag gt a3 s L3 p S LS VA 5 0/Y Y e g ol al Al e o < 54 HAGs
A ‘a,\;SCU.al ole o (gl LSD Q),e)‘] J.:L.uiﬁ Ao y5 0 cb,w BE

Blank: control, NPK: chemical fertilizer, Ci, C2, Cs: 2.6, 5.2, and 7.8 tons per hectare of each soil organic
amendments, HACi1, HAC:, and HAG;, respectively, the extracted humic acid from each soil organic amendments at
doses of 2.6, 5.2, and 7.8 kg per hectare. In each column, the treatments with similar letter, indicates no significant
difference at the 5% level based on the LSD test for each soil amedments.
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