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Effects of leonardite and cow manure on growth and yield of marigold

(Tagetes erecta L.) and change of soil properties after harvesting
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Abstract

The objective of this study was
to investicate the effect of leonardite

and cattle manure on growth and yield
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and change of soil properties after
harvesting. The pot experiment was
Marigold,

cultivated on

conducted in greenhouse.

Teeredor cultivar, was
Kamphaengsaen series for 75 days. The
experimental design  was Randomized
Complete Block Design (RCBD) consists
of 6 treatments with 4 replications as
following: 1) Control, 2) Cow manure,
3) Leonardite, 4) N, 5) N+Cow manure
and, 6) N + Leonardite. All treatments
were received 370 mg N/kg except

control. The result showed that N,

N+Cow manure and N+Leonardite
treatment caused the height of
marigold  significant  with  other

treatments. Although, flower diameter,
the number of flowers, fresh and dry
weight had no significant differences.
N+Cow manure treatment trend to
increase marigold yield and number of
flower. The soil after harvesting shown
that Leonardite and N+Leonardite
application enhanced decreasing of
soil pH and increasing of electrical
conductivity (EC) due to high acidity
(pH =

(5.68 mS/cm) of leonardite. Moreover,

2.2) and electrical conductivity

application of leonardite also increased
organic matter, extractable sulfur and

exchangeable magnesium.

Key words : Leonardite, Cow manure, Marigold
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1. NSINUNUNISNAADY
NIN15NAa09tUlTUIDUITIUHUAT
(Randomized
RCBD) in1g
vAaes 4 o Ugnanaseslunszanamnaes

VABBIRUUANUADAFLYIA]
Complete Block Design,

fiviomun 6 ffumsvnaes (Table 1) dsil
Afuaruau (Control), Aulddeyala (Cow
manure), ssuldalounslag  (Leonardite),
msulddease (), drsulddegisesiuiu
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Table 1 Treatment and total nitrogen in the experiment

Treatment Organic fertilizer Chemical fertilizer
(mg N/kg soil) (mg N/kg soil)

Control - -

Cow manure 370 -
Leonardite 370 -

N - 370
N+Cow manure 300 70
N+Leonardite 300 70

2. MsiATBAAY
fuildluntsnaasuduyadu
AMUNILEY  LAUINAIVAY 992719 810D
Aumauan Sminuasugy Yagdunidiltae
Joyalanazalouilad Fedlowrsladiitunan
WiasimIY a.auUsu 2.8 ihdegenu
JouruAzNTIVUIA 2 Tadlng wazdanuld
nsvaaUsua 5 Alansy Tddlownsladuas
{Joyalasasiunudnafidimun (Table 1)
nnturgniadliidnfunouazihaululaly
wiaznszans dwmsuiniu N Tddegisedns
300 fadnsululnsiausiedlansy iiloasy
mvun 25 Jundenisénedan elddesise
ludnsn 70 fadnululesiauseilansy
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f15u Control azlasululpsiau oms1 370

Taansululasiausenlansuvasnu
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uwiiagnsEA19aiinsUan 5 Ay vasandne
NANANNTEANN DRULYNITANIEBLUAD 2 AU
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o A
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Y
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Tuiinthminanuazthminuiwemenuas i
Sovsinallulnsiouiomelunenuazduamizes
f835  Kjeldahl method wagAIWILNT
aaldlulasian Audieg1efundelanain
yanszans thlvisanlsiuis  thlviese
A1 pH, Electrical Conductivity (EC)
Snsndufure 1:5, Organic matter
1875 Loss of Ignition method, Available P
anneae Brayll dalay Spectrophotometer,
Extractable S @finfig Ca(HPO,), \UNTY
500 fadnfusedns Saanududusieiedes
Spectrophotometer ATzl NLNALT L
waaldey  wazwunileuiivanudeuld Tae
afmnae NH OAc pH 7.0 Tamuiiudunig
W33 Atoric absorption spectrophotometer
(NATNSIAEAS, 2544) IATIERAITUDU
W lulasiuiomn  wesdaumlasimun
Tuanduv3dfeinies dry combustion Ju
CNS Trumax Ingiwndeesfigamnd 1,350
asrnwalua uwaznusinafineiild

5. M3ATIRdayaNeana

Aaseranuwususulagly Analysis
of variance (ANOVA) Usgliiuauumnmng
YosARaYsEnIRSunIInnasdlagitves
Duncan’s multiple range test ﬁizﬁuﬁaﬁ’lﬁag
b <005

NakazITal

1. auvRfuLazIandunsdnaunimaang

fAuneulaniimfeverlutag 7.43 {u
gradniey dansiilvid 0.42 Tadduud
FOLYURLUAT %qaﬁiuagﬁuﬁlﬂﬁmmﬁu 3
iu‘lmu\]uagﬂuizé’uﬁﬂ WU 0.60 nSUAB
Alansy earlesadiduusslony Tnunadey
waswealsuiiuanudeuls fewihiu 101.37,
123.67 waz 3,330 faansusenlansy sy
810U %aﬁﬁwa@mzﬁuﬁqa wazhuniidoy
181.67 Tadnsuseilansy egluszAuiiunans
(Table 2)

yalaiunsatiunan (pH = 6.01)
A5l 3.32 Jadduunnewufung
sglusziumuiantos Tulasiau uraideuuas
wunfli@ey dawvindu 9.50, 3.66 wag 0.80
nsuseflandu Amua1nu ?fﬂagﬂuizﬁuﬁqq
Woanosauazlnuva@en dauvindu 42.14
3 P O, ponlansy wag 47.30 nsu KO o
Alansy suandu (Table 3)

alowsladdiamonsiiiy 2.2 fadu
nIaguse ANl 5.68 TadTuud
AUy agluszauauAuUIuNgI
lulnsiau 4.10 niusedlandu eglusvdu
Junane  wazaziiuladnyaladinunadey
ganialeunslasdunn Tuvauziialounsladd

Table 2 Soil chemical properties before planting

Sample pH EC oM Total N Avai.P Exch. K Exch. Ca Exch. Mg Extr. S
(mS/cm) (%) (g/kg) (mg/kg)  (mgrke) (mg/kg) (mg/kg) (mg/kg)
Soil 7.43 0.42 29.80 0.60 101.37 123.67 3,330.00 181.67 610.00
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Table 3 Cow manure and Leonardite chemical properties

Sample pH EC TotalC  Total N Total PZO5 Total KZO Total Ca  Total Mg  Total S
(mS/cm)  (g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg)
Cow Manure 6.01 3.32 122.90 9.50 42.14 47.30 3.66 0.80 1.88
Leonardite 2.20 5.68 107.00 4.10 90.00 10.48 5.97 1.76 35.30

aaaaa

wAaey wunfideunasdamlosimungandn
walaunn lneanzdames (Table 3)

2. MIATYLAULAVBINIITDY
2.1 ANE

1NNITNAGDINUIIAINUGIVBIAY
pFedunninsunimeans Saugadiuiy
Nndamiusniugn Tnemudn 40 Suvdalgn
M3U N+Cow manure (2831 Lyufluns)
wagdniu N (2673 wufilung)  danuge
yesuAIFoINNIIUBY  uazuAne1g
nsadRileIUsuiisuiudisu Leonardite 7
fmnugeiniign (18.86 Loufiuns) luvaisd
47 Sundsugn wuiwisuidinisld N+Cow
manure YMYAINEDINITBEER (49.56
wufng) avhiwandiesadatuiiu N
(44.15 wuRwns) du 54 Tunmadalgnuay
61 Jundalgn wumniTuNMIAaeEnIY
13U Leonardite uansnaiun1eeda tngsnsu
N+Cow manure (64.00 WUFALAT) LavA1TU
N (72.56 Lwufiuns) danugauwansneiuni
afRfum3y Leonardite Faflmmgauesdiu
ANSBNAY 48.46 Uay 55.13 LwuRlung
LAY dRRARBINUTIENUNTITEYR YA

aaaaa

wazAny (2555) Fanuinsladewniisuiu
Joyala 8031 2,000 Alansusials dnavihl

]
v Y A

fintsdudinsasgdulalusuanuganniigs
w&aannugn 25 Yu Weiisuiusisulddemsin
iy waglddeiisiuiudeninuazyala
Tudms1du (Table 4)
2.2 dwiinukeuasdminanvasddy

wasaan

wudehduiilates N Sdimidnan
LazuIYRIneNgfign (45.38 WAz 6.48 n3u
AONTEN AINAWIU)  UAVAEITUNITNAADS
liuwnneafumeada (Table 5) wonanil
dsulate N Swwlduldiuinanuasus
YoIUgeEn (53.67 uar 8.30 NIUFBNTTAN
puddy)  Seilddminanuasuiaiome
V913U N ﬁﬁﬂ%ﬁﬂﬁﬁLLﬁSLLﬁQ%ﬂ%NﬁQQQ@
(99.05 uag 14.79 NIUABNTLAN AUAIAY)

2.3 Wanan

INAITNARDINUINARTAADNYD
arnsasluuanssiunisadaluynmisu
mMavmaes (Table 6) Tneshiuiiinsladeiad
N+Cow manure fluwiliulvinandnaonas
ﬁqm (14.50 poNFiBNIZANY) Iﬂ&JLﬁamq 76
naelgn sesasuAed1SU N, Leonardite,
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@ Table 4 Effect of N fertilizer and organic materials on marigold height (cm) at 40, 47, 54

g and 61 days after transplanting (DAT)

«

% Treatment Height (cm)

40 DAT 47 DAT 54 DAT 61 DAT

Control 22.85 bcd 38.14 bc 58.00 ab 7150 a
Cow manure 23.33 bc 39.04 bc 54.04 ab 66.75 ab
Leonardite 18.86 d 34.99 c 48.46 b 5513 b
N 26.73 ab 44.15 ab 61.58 a 72.56 a
N+Cow manure 28.31 a 49.56 a 64.00 a 70.68 a
N+Leonardite 19.94 cd 37.39 bc 54.98 ab 67.06 ab
F-test * * * *
CV (%) 11.01 11.82 11.75 11.46

*Significant at p < 0.05, values followed by the same lowercase letter in column are not significantly difference
atp < 0.05

Table 5 Fresh and dry weight of flower, stalk, total fresh and dry weight (g/pot)

of marigold

Treatment Flower Stalk Total Fresh ~ Total Dry

Fresh weight Dry weight Fresh weight Dry weight weight weight

(g/pot) (g/pot) (g/pot) (g/pot) (g/pot) (g/pot)

Control 34.01 4.50 47.00 7.13 81.01 12.07
Cow manure 32.15 4.66 49.03 8.07 81.18 12.73
Leonardite 38.32 5.61 45.01 7.48 83.33 13.10
N 45.38 6.48 53.67 8.30 99.05 14.79
N+Cow manure 42.07 6.47 49.31 6.86 91.39 13.33
N+Leonardite 43.59 6.04 51.09 7.58 94.68 13.62
F-test ns ns ns ns ns ns
CV (%) 27.87 27.62 24.42 24.60 18.66 17.37

ns = not significant, values followed by the same lowercase letter in column are not significantly difference
atp < 0.05
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N+Leonardite, Cow manure 1az Control
fAinAy 14.25, 13.25, 12.50, 9.50 uag
9.50 ABNABNIZANN ANUAITU Tadenadas
fUSI897UVBY Ahimad et al, 2011 i
wuln nnsladeiadtieiiunisaigdvln
IUIUADNADAULAZIUIAVBINDNATINTBILA
Jesnnlulasiauivdaasunisadyivle
yosdmsauluirdadudufimduasyduln
Shefiulazveievinaveseas Wefudnas

WSgiulafuffazdmanonan druvuin
999A8N WU LTAIUWANAAUNI9EDH
Tuksiazdsunsneass ag13lsAnny @13y
N+Leonardite Huwilduinaziivuinnenlegy
d‘ a Ql' ld' a
an lnedlvuiniadeegi 5.07 QURWAT
(Table 6) walu@1su Leonardite naudl

v A ~ < A a
wlduiiasivuianenianiign  lagdvuin
\Rduegil 4.63 LlWURAIAT

Table 6 Effect of N fertilizer and organic materials on vyield (flower/pot) and

flower diameter (cm)

Treatment Yield Diameter
(Flower/pot) (cm)

Control 9.50 4.80

Cow manure 9.50 4.90

Leonardite 13.25 4.63

N 14.25 4.84

N+Cow manure 14.50 5.01

N+leonardite 12.50 5.07

F-test ns ns

CV (%) 31.70 571

ns = not significant, values followed by the same lowercase letter in column are not significantly difference

at p < 0.05

3. anududunaznisgaldlulnsiau
MnMsnaaeswUIiUlads N ds
wasteUTialulasiauianungage sislunen
wagaRy (22.10 wag 11.50 niuseilaniy)
wazliunnsnameadifiiussu N+Cow manure
usilush$uildts Cow manure azlviUZunal
lulnsiausimualunendian (1650 niusio

a o o

Alansy) wazwana1aneanfnulusisu N

duvsunalulasouioueludidy  wud
ynsun1saaadliuandmeads sy
N denasiodnsinisgaldlulasiaugsan (0.14
NSuABNTEaNY)  warldunnm1eanisananu
$115U N+Cow manure (0.13 nSusanIzng)
(Table 7) wsilus1Su Cow manure 3013

£

anldaneimsiulasiauiinieiiudueedl

o w a

HedrAgyneana (0.07 nfumanszang)
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Table 7 Total nitrogen, nitrogen uptake and total nitrogen uptake of marigold flower

and stalk

Treatment Total N (g/ke) Nitrogen Uptake (g/pot) Total nitrogen
Flower Stalk Flower Stalk Uptake (g/pot)

Control 17.10bc 9.60 0.08 bc 0.09 0.17b

Cow manure 16.50c¢ 10.40 0.07c 0.08 0.16b

Leonardite 18.40bc 10.30 0.10 abc 0.07 0.18b

N 22.10a 11.50 0.14a 0.10 0.242a

N+Cow manure 19.80ab 10.90 0.13ab 0.70 0.20ab

N+leonardite 17.60 bc 10.80 0.11 abc 0.08 0.19ab

F-test * ns * ns *

CV (%) 9.18 16.82 29.42 19.73 19.30

*Significant at p < 0.05, values followed by the same lowercase letter in column are not significantly difference

atp < 0.05

N139ald519 lulnsauTeIRUA1ILTeY
WuIImnetsun1snaasshiiininuunneng
naana  wiludnsu N uwdlduniseald
sinlulasiauldganddhiudu (010 n3usie
n32a19) waznunsgalisinemislunen
AN IINsanldlaeddu dwniseeld
Tulnsiaunanun  wuiiisy N, N+Cow
manure Way N+Leonardite ﬁmi@ﬂisﬁ
lulnsieugauazusnsnaansiunismaassdu
DETAIAN9EDR Lazsnsu Cow manure
finspeldlulpsiauniign (0.16 n$usenszans)
Fluiupnanamsadafumiuaueunazdiu
Leonardite (Table 7)

4. HaN13AATIZRAUNEIURN

wud A1 pH luAuanasegi 6.0-6.9
&4 a @ 2 v = o v aa
Ferudunsaandosiadunans lagsfuid
msld N+Cow manure uag N Liled@ENafen

Wliauden pH Wunans dawshsuiifinisld
Leonardite &I pH 1Junsadnties duen EC
wuihdleedeegil 0.49-0.86 faATLFsD
\wufms Aelaiflenudy s3uild Leonardite
A EC gean wazliunnsnavmnsadianusig
ld N+Leonardite Twwuniginisld N Lileq
pfn T EC dga Twihiuiinigld
N+Leonardite Swwltuiiflulpsiauiavan
ogaefignagil 14 nfusedlansy warlusiu
Control uaz N igeg1uReITLwIltuI
wilulasauiuediflaauiiiu 11 ndu
paflansy  wazwuImnaIsun1Iaaedlyl
uANA1NSERR (Table 8)
USinaloawefadiduusslovilufu
WUl ynssunisnaaedivane1anisaia
woilusn3u N+Cow manure  Huwiltiuind
Uinaumeaneiaiidulsylovigean (2358

[ 1

fadnsudenlansy) USunadunieinglufu
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Table 8 Chemical properties of the experimental soil after planting

Treatment pH EC Total N Available P oM
(mS/cm) (g/kg) (mg/kg) ( g/kg )
Control 6.60c 0.56 bc 11.00 21.38 27.60c
Cow manure 6.70bc 0.55bc 13.00 21.33 29.10 bc
Leonardite 6.00d 0.86a 13.00 19.99 31.50a
N 6.90ab 0.49c¢ 11.00 21.62 27.20c
N+Cow manure 6.90a 0.51c 12.00 23.58 28.90bc
N+leonardite 6.50c 0.75ab 14.00 21.97 29.70ab
F-test *x * ns ns *
CV (%) 2.22 23.26 14.84 9.03 4.34

*Significant at p < 0.05, values followed by the same lowercase letter in column are not significantly difference

atp <0.05
fAuedvegdl 272315 fadnsusedlaniy
Fafivinaduvdeinglufuuiunans Tnes3u
ld Leonardite fiUSannuduvieinggean
(315 fadnsusenlansy) wazliunnanenmia
anenNus1Su N+Leonardite (29.7 fadn3u
soflansy) egslsfniy  TusSuiifinngld
N Liigseghaden  dUsinaudunEeingenan
(Table 8) @RAAFDITUIIIUVDIAYIN ey
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psAUsENEURggY wagdunuivilunisifinen
SunFeinquaglulasioulituiuild
TWuva@en HanMsIAsIEANLaIZYL
Tupy wui Tudsunismaass Cow manure

finunaBeugaiigaitiy 104.18 fadniu
ponlansy (Table 9) warluunnA1aneada
AUAISU N+Cow manure lagdfilwunaldosl
Wity 91.25 fadnsusenlandy luvasi
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(Table 9)
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al

wuniii@en Kamslassikunilidey
Tufiu wud1 lwihSummeaes Leonardite
fUsmauundi@ougefian windu 279.94
(Table 9)
dlounsladdiusunauunill@eugaintu  1.76

Jadnsumenlansy esan
nSumenlansy (Table 3) T99a9UNADASY
N-+Leonardite, N+Cow manure, Cow manure,
N waz Control UAWINAU 245.43, 231.05,
225.33, 221.63 U@y
Alansy suasu

216.71 #1aansuse

MUY NUTPNSUNSVInaasalowSlan
fUSunufwgiugegaminiu 939.60 Tadniy
ponlansy (Table 9) uwazluiunnarvmnsedin
AURISU N+Leonardite TmediuSunanug ey
Wiy 731.50 fadnsusienlansu (Table 9)

5898917A8 15U Control, N+Cow manure,

Cow manure Wag N dauniAu 585.70,
524.20, 50490 uag
Alansy AUaRU leeensu Leonardite way

453.10 Taansuse

N+Leonardite wui1 dUSunaumugduas @
donpsediu Table 3 Alowsladiiusunm
Falasgeds 35.30 nSusienlansy

d3d
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d' 1 1+ all =l 1 a
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= v o ¥ = = a QOJ o
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Table 9 Exchangeable K, Ca, Mg and Extractable S (mg/kg) of the experimental soil

after planting

Treatment Exch. K Exch. Ca Exch. Mg Extr. S
(mg/kg) (mg/kg) (mg/ke) (mg/kg)

Control 79.37 bc 3,497.95 216.71c 585.70bc
Cow manure 104.18a 3,515.94 225.33bc 504.90 bc
leonardite 81.97bc 3,599.26 279.944a 939.60a
N 74.01c 3,456.32 221.63¢ 453.10c¢
N+Cow manure 91.25ab 3,355.89 231.05bc 524.20 bc
N-+leonardite 81.20bc 3,570.38 245.43b 731.50ab
F-test > " *x
CV (%) 11.96 591 23.84

*Significant at p < 0.05, values followed by the same lowercase letter in column are not significantly difference

atp < 0.05
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