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Effect of Humic Acid Application on Growth, Yield and Nutrient Uptake of Cherry Tomato
(Lycoperisicon esculentum cv. CH 154)
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Abstract: The humic substances have been used widely for agriculture, which diverse in terms of type
and quantity. Our objective was to evaluate the effect of humic acid rates on growth, yield and nutrient
uptake of cherry tomato under greenhouse condition. The experiment was operated in a completely
randomized design (CRD) with 3 replications and five treatments (0, 25, 50, 75, and 100 kg humic acid/
rai). Humic acid used in this study obtained by extraction from leonardite. Tomato plants were grown in
the growing media consisted of coconut coir: rice hush ash: sand in the ratio of 2:2:1 by volume (4,200
g/pot) and supplied with Resh tropical dry summer nutrient solution. The results showed that different
levels of humic acid application had significant effect on tomato yield, fresh weight, biomass, yield
components, lycopene content, and total nutrient uptake (N, P, K, Ca, Mg, Fe, Zn) in different plant
parts. Most of the highest values were obtained from 50 kg humic acid/rai addition. Nevertheless, no
statistically significant difference was observed among the treatments in terms of total soluble solid.
Plant growth, yield and nutrient uptake increased with increasing rates of humic acids; however, there
was usually a decrease in the parameters measured at higher rates of humic acid application (75 and
100 kg humic acid/rai). These results indicated that, using 50 kg humic acid/rai would achieve better

effects and improve the productivity of tomato.
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Table 1 Effect of humic acid application rate on total fruit yield, fruit weight, shoot weight, and root weight of cherry

tomato.
Total fruit yield Fruit weight Shoot weight Root weight
Humic acid (g/plant) (g/cluster) (g/plant) (g/plant)
(kg/rai) fresh fruit , . .
yield biomass fresh biomass fresh biomass fresh biomass
0 608.54ab  39.88ab 59.95ab 3.69ab 94.87b 0.93 17.88b 0.12b
25 696.42a 50.48a 68.74a 5.05a 130.25a 1.35 22.93ab 0.20ab
50 729.78a 50.78a 73.78a 5.18a 120.63a 1.21 24.27a 0.22a
75 547.76b  39.43ab 53.68b 3.86ab 98.34b 0.92 19.82ab 0.14b
100 386.74c 30.18b 39.59¢ 3.31b 116.91b 1.16 21.10ab  0.18ab
F-test - ok - . x ns x x
CV (%) 23.55 22.77 21.15 21.34 19.65 24.19 16.13 28.66

Remark: Means followed by the same letter in columns are not significantly different at the 5% level by DMRT.

*kk Kk

J*and * = significant at P<0.001, P<0.01 and P<0.05, respectively, while ns = not significant.



157

Agricultural Science and Management J. 8 (2) :152-164 (2025)

900
800
700
60 [ .
500
400

300

Yield of tamato (g/plant)

200

R*=0.71
100

y =-0.0942x2 + 7.1114x + 572.08
R*=10.70

+ Total fresh fruit

A Total fruit biomass

e

y = -0.0069:2 + 0.5512x + 39.137

&

&
:

0

'y
=

25

50 75

Application rate (kg/rai)

Figure 1 The regression of yield of tomato (total fresh fruit and total fruit biomass) on humic acid application rate.
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Table 2 Effect of humic acid application rate on fruit size, fi
content of cherry tomato.

ARLUNMEINGAR 100 NTN LAazuANFNaEl T dNAY
QI aa dl = o ] a a
g9n9aDA (P<0.01) Wamaunun1sldnsagann
AeMIN 75 WAy 100 NlansuFals wnsENIzALDY
A a g Y o o 6 o
nenaa RN A I eann A Ne19INe wazt TNl
PUIIrNANaz AN LA UANANAUN19A DA 1agl
HeAfiduaglutog 30.81 — 33.71 FAAWAT LAz
6.30 — 7.67 AIAILINT AINAIAL AINN1TNAAD
! 2 o & a &
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Beckles (2012) Ana199113u1 U090 G991
dl % L7 dali o/ v
NarareunlaUaanalFuudnguis (dry matter
content) WAZIUAAZIUNLL I URINTIWNA
URINA (Table 2)

ruit no./cluster, total soluble solid, B-carotene, and lycopene

Humic acid Fruit size (mm) Fruit no./cluster TSS B-carotene Lycopene
(kg/rai) fruitwidth  fruit length (fruit) (°Brix) (mg/100g FW)
0 22.30ab 30.94 10b 6.30 0.025ab 0.078ab
25 21.25bc 31.02 8bc 6.77 0.020b 0.091a
50 23.37a 33.71 14a 6.63 0.033a 0.084a
75 22.59ab 31.03 10b 6.47 0.025ab 0.064b
100 21.19bc 30.81 8bc 7.67 0.026ab 0.054bc
F-test * ns * ns * >
CV (%) 6.07 7.42 35.75 14.77 30.40 28.37
Remark: Means followed by the same letter in columns and rows are not significantly different at the 5% level by DMRT.

**and * = significant at P<0.01 and P<0.05, respectively,

while ns = not significant.
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(Table 4) @aumsun1maaasnldnsadaiinlu
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o al =& U [~3 1 A
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muumm@m LLZMJﬂfmul,l,mmq@mwuﬂmmm
famneadi (P<0.01) LN@LV]?;I‘LIﬂ‘LI[EI’ﬁ“LIﬂu’] Ine
FANWYINAL 16.54, 0.105 WAL 0.042 NAANSUFD
B ANNATAU (Table 4) AMFUANTUAILAN LAY
nsldnsmEainludman 100 Alansusals deua
Tinsazanssuan Tunauazdinzadoumilany
annuuanssaealiad1Atyn1eada (P<0.05)
TPaHANYNAY 1.221 WAY 0.004 NAANSUABAL
AINATAL AnseNn1gldnsnFoinludmaAneiu
= o v = a A
Tifuan i nsazanLAamaNwazLNnTme sy
Auntiaft 9NNINITAZANUNNTLTENLAZIUAD
TugnuanANeaiun1anALAee9le NIRRT
AananaiiFnee udag 2.61 - 4.57, 1.1 - 1.68,
2.38 - 4.93 WAY 0.062 - 0.138 NAANTHADAL
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Table 3 Effect of humic acid application rate on total N, P, and K uptake (mg/plant) in different parts of cherry tomato.

Humic acid P uptake in P uptake in Kuptake in

(kg/rai) shoot root fruit shoot root fruit shoot root fruit
0 18.85 1.93 699.23b 0.20b 0.24b 61.98ab 8.65b 12.90b 847.90b
25 25.88 2.72 1201.42a 0.34a 0.34a 69.91a 13.77a 15.18a  1464.56ab
50 23.90 2.96 1068.07a 0.21b 0.29ab  51.58bc 10.31ab  16.24a 1553.22a
75 17.76 2.66 720.25b 0.21b 0.20b 42.73c 7.54b 10.49b  1145.24ab
100 24.08 2.99 591.53b 0.22b 0.32a 40.93c 6.75b  13.37ab  882.46b

F-test ns ns > * * * * * *

CV (%) 27.36 2714 33.99 32.12 37.51 26.98 34.99 26.37 27.31

Remark: Means followed by the same letter in columns and rows are not significantly different at the 5% level by DMRT.
**and * = significant at P<0.01 and P<0.05, respectively, while ns = not significant.
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Table 4 Effect of humic acid application rate on total Ca, Mg, Fe, and Zn uptake (mg/plant) in different parts of cherry

tomato.
Humic Ca uptake in Mg uptake in Fe uptake in Zn uptake in
acid
(kg/rai) shoot root fruit shoot root shoot root fruit shoot root fruit
0 2.75 6.72b 33.03ab 1.11 2.38 65.66b 0.009bc 0.062 1.221a  0.001b 0.058c 0.950ab

25 4.00 11.28b 41.49a 1.68 3.28  96.13a

50 4.57

75 2.61

100 3.33 9.77b  18.55¢c 1.18 2.87 46.7b

16.54a 39.10ab 1.36 4.93 77.12ab

10.50b  30.05b 1.22 2.88  58.24b

0.0019c 0.106 0.902a  0.002a 0.088ab 1.218a
0.042a 0.138 0.343b  0.002a 0.105a 1.195a
0.013b 0.068 1.114a  0.002a 0.078c 0.963ab

0.015b  0.087 0.201b  0.004a 0.038ab 0.935b

*k *k

F-test ns ns ns

CV (%) 3266 41.38 30.59 33.583 30.35 31.93

*k * * *k *

ns

17.75  28.64 25.41 21.81 26.27 18.81

Remark: Means followed by the same letter in columns and rows are not significantly different at the 5% level by DMRT.
**and * = significant at P<0.01 and P<0.05, respectively, while ns = not significant.
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Figure 2 Principal component analysis (PCA) of the nutrients uptake by the different parts of the tomato plant according
to the 0, 25, 50, 75, and 100 kg/rai of humic acid application.



161

Agricultural Science and Management J. 8 (2) :152-164 (2025)

‘(pelier-g) 19ns)

L0°0 8 18 JueoyIuBIS S| UONEISLIOD)

‘(paliey-g) [9A8] G0'0 8u3 Je Jueodyiubls si uonee.lo)

“UB|Q 848 SJUSIOI800 UOIB|91I00 JuBdliubiS-UON

1nJy oxeydn uz

9Ll L j00J eidn uz
8€ec’ «009- L jo0ys ayeidn uz
0LC 29¢e- Ly L 1INy axeydn a4
+x€99° eoL” 80¢" 140 l 1001 yeidn a4
9e0’ 660 920"~ L€0 6CL” L jooys ayeydn a4
«E9’ soe’ 69¢- L1 oey’ €90~ 3 nuy oxeldn B
0ce” 860" cce Sle- VLl ¥6e” 08L” 3 1001 ayEldn By
700 L’ Loy’ 00v'- 44l €50~ 020~ €slL’ 3 jooys axeydn By
9Le Bzach vee- #7799 8¥c 9el PRvAsic) Sl 95" L uny exeydn eg
Ly 34 L0 161~ +0602" asv 8G¢" €58’ G0~ 9.C 3 jo0J axeydn )
eve €8’ 11 6lLc- SLe 919’ Lo 08y’ ey’ o’ «L Vg L 100ys &xejdn en
9L 145 0S1- Syl- «CCS’ A4S %989 897’ Se0 454 w79 1423 L ndy axeldn
g6¢ 0L~ «L1G 6cl- «V.G 8¢0- 8cl 65y ave [\ 113 880" el L j001 &xeldn y
0.€ 10€° g8l Loy~ €ec S9l- 097’ 9L 818 «wEB8Y 120° 9.€ Ley 9Ly’ L 100ys &xedn 3
«C09’ 0LC YA 8.0° 8el” 28l PRGYAC €8l G/0- 12€ 98l 680~ LSy 9eL 9Ly 3 unyy exexdn 4
€8¢’ Sy0™- «629° cLe Lee’ 00¢- €€0™- 6€0° LGe 260~ yee- 860"~ €00’ «E€L YA §9¢ 3 1001 oxeldn d
v6c 960 I£id 6L~ 280’ 991~ 9L’ €elL- 808" Lov cve- r0e’ 980° eLe »708 S9¢ x99 3 100ys &xeydn 4
011" vee 9v0'- 860"~ %185 1€0° «0C8’ 454 a8l «€89 ey’ Lve =EEL 8LL" +809° =879’ el Jicion 3 Hnyy exeldn N
600 9.0’ 62y eel’ VA4 G50~ LGe™- 0S¥ L9z €9¢- 891" 6EL™- 8€0™- 005" 430 Lee- «609° 8cL’ Leb- 3 1001 9xEYdN N
acy €cl- €L oL L9g” 160~ 8€0’ L wxb L LG oL’ 324 VA 1ve R [0)40) 4% PRAYA ore” YAZA L Jjooys axeydn N
Hnuy j00. J00ys 1Ny 1004 J00ys 1Ny j00. J00ys HnJy j00. jo00ys 1.y 1004 jo0ys HnJy j00. J00ys HnJy 1001 Jo00ys
ayeydn  ayeidn axeydn oyeldn ayeydn oxeydn  eyeidn  eyeidn  eyeidn  eyeidn  eyeidn  eyeldn  eyeidn  eyeidn  eyeldn  eyeidn  eyeidn  eyeidn  eyeidn  eyeidn  eyeidn
uz uz uz B a4 a4 B B B €0 o) eo b by M d d d N N N

“Juswieal) plroe olwny Japun juejd ojewo) Jo sued Jusialip Ul Sexeidn Jusiinu usamiag sdiysuone|el o) SJUsIolJe0d UONB|a1I00 8y G 8|qel



162

INENANFASINHATLATNNITAANIS 8 (2) : 152-164 (2568)

a1

a a oo a o | o
nIAEANNNERIN 50 Nlansusials duali

UMINNANAR UIMINaA NIaTanIN asAlszna
nanan Usunaulalailu nnsgaldsigeiuisuan
(N, P, K) 2121117794 (Ca, Mg) Lacqatng
(Fe, Zn) Tudaumitianss 390 LAZHANSIIDINAN
AMNLANAINAUNNADH WL NUTUIUDILT
Y ~ H - \a
MauuaNazattn lalunans@awma Tlaau
LANANNINADALAatNela daunisldnsadaling
F731 75 WAz 100 Nlansusals HualinnsNimasm
e - X
ATIATANAIAAAY NIFANBIRT LA LIAUININNT
ldnspdalnnieaungmnsn 50 nlansusals §
ANNIUNN L AN LA ULUINIINIFTANITLIND

Wnlsz@nsninnislgnuzilemamas s el

AYTAANT U AN TN LI ARG INARENS
mml,mu‘llmmwmmﬂ@wmu WaTRTIUY
iqumwuﬁwm Faasiinaldianeuauessiansn
Fofinildunnsineiy

LANH1TD9DY
NINATINIFINHAT. 2551. ANAIDILATIEWI]E
Buned. nTEnIINHATLATAUNTOL.
NFUNN. 49 M.
irile] enmvrimi uazaeing Sunfiaseuga. 2542.

o

a

wuudnWauazgiedjifinisnas
ApszRuLazie. n1AdTILganen
ANIZINEAT NUNINLIRLNHATAIARST.

108 WL,

Har Aeng. 2553, astfurlpenn. drinian

NUNINYIFENHATAIANT, NTILNNC,
256 M.

eNgmne laanann. 2557. nsldansisadaninite
AugsunaRI AU InIe NG, 0196175
Lmzﬂﬂ 36 (1-4):27-54.

a1y Ruiles. 2557, naveansndafinfiara
analawslasaniaasoyiuln nanam
wazdTunisnnainisrasdiaing
Aeednd. Anendnufinananans
NUTUTIR. NUINLVRELNHATAVARAT,
NFAUNNL 116 U,

Akladious, S.A. and H.l. Mohamed. 2018.
Ameliorative effects of calcium nitrate
and humic acid on the growth, yield
component and biochemical attribute
of pepper (Capsicum annuum) plants
grown under salt stress. Scientia
Horticulturae 236: 244-250. https://doi.
org/10.1016/j.scienta.2018.03.047.

Beckles, D.M. 2012. Factors affecting the
postharvest soluble solids and sugar
content of tomato (Solanum
lycopersicum L.) fruit. Postharvest
Biology and Technology 63(1): 129-140.

Ekinci, M., A. Esringu, A. Dursun, E. Yildirim,
M. Turan, M. Rusu Karaman and T.
Arjumend. 2015. Growth, yield, and
calcium and boron uptake of tomato
(Lycopersicon esculentum L.) and
cucumber (Cucumis sativus L.) as
affected by calcium and boron humate
application in greenhouse conditions.
Turkish Journal of Agriculture and
Forestry 39: 613-623.

Fagaria, N.K. 2001. Nutrient interaction in crop
plants. Journal of Plant Nutrition 24:
1269-1290.

Labrada, F.P., A.B. Mendoza, A.J. Maldonado,
S.S. Gaona and S.G. Morales. 2023.
Effects of citric acid and humic-like
substances on yield, enzyme activities,
and expression of genes involved in
iron uptake in tomato plants.
Horticulturae 9 (6): 630, https://doi.
org/10.3390/horticulturae9060630.

Mora, V., E. Bacaicoa, A.M. Zamarreno, E.
Aguirre, M. Garnica and M. Fuentes.
2010. Action of humic acid on promotion
of cucumber shoot growth involves

nitrate-related changes associated



Agricultural Science and Management J. 8 (2) :152-164 (2025)

163

with the root-to-shoot distribution of
cytokinins, polyamines and mineral
nutrients. Journal of Plant Physiology
167: 633-642.

Moura, O.V.T.,R. L.L. Berbara, D.F.de O. Torchia,

Nagata,

H.F.O. Da Silva, T.A. van Tol de Castro,
O.C.H. Tavares, N.F. Rodrigues, E.
Zonta, L.A. Santos and A.C. Garcia.
2023. Humic foliar application as
sustainable technology for improving
the growth, yield, and abiotic stress
protection of agricultural crops. A
review. Journal of the Saudi Society of
Agricultural Sciences 22: 493-513.

M. and |. Yamashita. 1992. Simple
method for simultaneous determination
of chlorophyll and carotenoids in
tomato fruit. Journal of The Japanese
Society for Food Science and
Technology 39(10): 925-928.

Nardi, S., M.R. Panucci, M.R. Abenavoli and

A. Muscolo. 1994. Auxin-like effect of
humic substances extracted from
faeces of Allolobophora Caliginosa
and Allolobophora Rosea. Soil Biology
and Biochemistry 23: 833-836.

Nardi, S., M. Schiavon and O. Francioso. 2021.

Patti, A.

Chemical structure and biological
activity of humic substances define
their role as plant growth promoters.
Molecules 26(8): 2256, https://doi.
org/10.3390/molecules26082256

F., W.R. Jackson, S. Norng, M.T. Rose
and T.R. Cavagnaro. 2012. Commercial
humic substances stimulate tomato
growth. pp. 1079-1084. In: International
Conference of International Humic
Substances Society. Zhejiang University,

Hangzhou, China.

Piccolo, A., G. Pietramellara and J.S.C. Mbagwu.

Piccolo,

Resh, H.

1996. Effects of coal derived humic
substances on water retention and
structural stability of Mediterranean
soils. Soil Use and Management 12:
209-213.

A. 2002. The supra molecule structure
of humic substances: a novel
understanding of humus chemistry
and implications in soil science.
Advances in Agronomy 75: 57-134.

M., 2012, Hydroponic Food Production:
a Definitive Guidebook for the
Advanced Home Gardener and the
Commercial Hydroponic Grower. CRC
Press, Boca Raton, Florida. 511 p.

Sutton, R. and G. Sposito. 2005. Molecular

Sani, B.

structure in soil humic substances: the
new view. Environmental Science &
Technology 39: 9009-9015.

2014. Foliar application of humic acid
on plant height in canola. pp. 82-86.
In: 2013 4" International Conference
on Agriculture and Animal Science
(CAAS 2013) and 2013 3™ International
Conference on Asia Agriculture and
Animal (ICAAA 2013). Phuket, Thailand.

Tan, K.H. 2003. Humic Matter in Soil and the

Environment: Principles and
Controversies. Marcel Dekker Inc.,

New York. 459 p.

Valdrighi, I. M., A. Pera, M. Agnolucci, S.

Frassinetti, D. Lunardi and G. Vallini.
1996. Effects of compost-derived
humic acids on vegetable biomass
production and microbial growth
within a plant (Cichorium intybus)-soil
system: a comparative study.
Agriculture, Ecosystems & Environment
58 (2-3): 133-144.



164
INENANFASINHATLATNNITAANIS 8 (2) : 152-164 (2568)

Yildrim, E. 2007. Foliar and soil fertilization of Zhang, J. H. Yin, H. Wang, L. Xu, B. Samuel,

humic acid affect productivity and
quality of tomato. Acta Agriculturae
Scandinavica (57): 182—-186, Section B.

Zandonadi, D.B., M.P., Santos, L.B., Dobbss,

F.L., Olivares, L.P., Canellas, M.L. Binzel,
A.L. Okorokova-Fagcanha and A.R.
Facanha. 2010. Nitric oxide mediates
humic acids-induced root development
and plasma membrane H'-ATPase
activation. Planta 231 (5): 1025-1036.

J. Chang, F. Liu and H. Chen. 2019.
Molecular structure-reactivity
correlations of humic acid and humin
fractions from a typical black soil for
hexavalent chromium reduction. Science
of The Total Environment 651 (2): 2975-
2984.



