EFFECT OF LIGNOHUMATE ON YIELD AND QUALITY OF RICE IN
A PADDY FIELD IN BALI, INDONESIA

BAWAHWUE TYMUHOBOTO MPEMAPATA JIUTHOTYMAT HA YPOXAMHOCTb
W KAYECTBO 3EPHA PUCA B YCJIOBMAX 3ATONIAEMOI0O
KYNbTUBUPOBAHUA HA 0. BANW, WHOAOHE3UA

Organic matter is needed in the soil as an essential component for good plant growth. While most of the paddy field in Bali
is a shortage of organic matter so that the productivity of land for rice is very low. Therefore the effects of commercial humic
product Lignohumate AM® (LH) on plant growth, yield, and grain quality were evaluated in a field trial using traditional wet
rice (Oryza sativa L.) cultivation in Bali, Indonesia. The experimental design included insecticidal sprays with beta-cyfluthrinat
100, 50, and 0% of recommended application rates, either alone or in combination with LH. The LH was also applied for
seed pre-treatment before sowing. For non-LH treatments, equal amounts of water were used. Plant growth variables and
substances contents of the treated rice were recorded. The data were variant analysed according to a randomized complete
design and the differences among treatments were compared by Duncan Multiple Range test at levels of 1% and 5%. No
significant effects on plant height, number of titlers, leaf number, leaf area or rice yield were recorded. LH stimulated root
growth at early stages of plant development, promoted chlorophyll synthesis in leaves, and increased 1000-grain weight and
number of grains per hill. Due to the increased level of chlorophyll, LH application promoted an increase in carbohydrate
levels and amylose content in rice. The experiment showed that when using LH, rice can be grown at significantly lower
doses of pesticides than is currently used.
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Bonbllias YacTb CEMbCKOXO3AMCTBEHHBIX Yroamit ocTpoBa banu xapaktepusyercs [eQUUMTOM OpraHM4ecKoro BelecTsa,
HU3KOI MPO/YKTMBHOCTBIO MOYBLI 1 BBICOKMM OCTATOHHbIM COfEPHKaHeM NecTULMA0B. lToBceMecTHoe NpyMeHeHue necTliMaos
CUMbHO 3arpa3HAET NOBEPXHOCTHbIE BOfbI 0CTPOBA. [YMUHOBbIE Npenapare CMOCo6HbI OKa3bIBaTh CTUMYNMPYIOLLIEe BO3AENCTBME
Ha POCT ¥ YCTOMYMBOCTb PACTEHUIA, MO3BONAA CHU3UTH [103bl XMMUYECKUX CPE/ICTB 3alLMTLI 3a CHET CUHEPreTU4ecKoro s¢derTa
C necTuumaamu. '

B nonesoMm onbiTe B YC0BUAX 0. Banu (VIHOOHe3MsA) U3y4eHO BNWAHME TMMHOBOIO npenapata Jiurkorymar AM® (JII) Ha
POCT PacTeHui, YPOMKANHOCTb M Ka4ecTBO 3epHa Npu TPAAULIMOHHOM 3aTOM/IAEMOM cnocobe Bo3fenbiBanua puca (Oryza sativa
L). Cxema onbiTa BKloYana MCTOBYIo 06paboTHy MHceKTULMAoM Beta-LundnyTpun B gosax 100, 50 n 0% oT peKoMeHOyeMbIX,
KaK OTHeNbHO, TaK U B KombuHaumu ¢ JIT. B BapuanTax ¢ BHeceHueM JII' npoBoAMnM npeanocesHyio 06paboTKy ceMsAH W
onpbickusanue no seretauumn 0,05%-pacTBopoM JII COBMECTHO C NEeCcTULMLOM.

06paotka JII cTMMynMpoBana PoCcT KOPHEiA Ha PaHHNX CTaANAX PasBUTUA PaCTeHU, cnocobCcTBOBaANA CUHTE3Y Xopopuiina
B CTbAX U [0CTOBEpHO yBenuumBana Maccy 1000 3epeH M KonW4ecTBO 3epeH B Konoce. CyLiecTBEHHOr0 BO3/JeMCTBUA Ha
BbICOTY PaCTeHMiA, YCno Noberos, KOMMUECTBO W NNOLIAAb /IMCTLEB, U YPOXKANHOCTL pUca He o6HapyeHo. [loBbliLLeHre YpoBHA
xnopo¢unna npu npumexennn JII cnocobCTBOBanN0 yBenMueHMio Cofepanma Ymesoaios B 3epHe puca.

IKCnepUMeHT MoKasasl, YTo Mpu ucnonb3osaHuy JIIT AnA BO3AENbIBAHWA PUCa MOMHO MPUMEHATL 3HAUNTENBHO MEHbLLNE
[103b1 NECTULMAOB, YeM B HacToALLee BPeMs, NOCKOMbKY npy 50%-Hoit Jo3e NEeCTULMAA YPOrKaHOCTL U MoKasaTe/u KadecTsa
3epHa BblK He XyKe, YeM MU TPa[ULIMOHHOW TEXHONOMUM BbIPaLLIMBaHUA.
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1. Introduction

ncreasing population requires increasing food

productivity especially rice since it of staple

food for most people in the world. Many efforts
have been done including improvement on culture
practices such as fertilization, pest control, even
genetic raising, however, all still needed the work
of some hard working to fulfil the lack of the need.
Ones should be done is completing the nutrient
availability for rice to increase the productivity.
Rice cultivation in tropical areas requires a
significant amount of fertilizers and application of
advanced agricultural technics.

In Bali agriculture contributes a big part of na-
tional economy. A special system of wet rice agri-
culture called Subak, involving local religions and
traditions, is being used in Bali since thousand
years ago. In these traditions, the relationships be-
tween human beings and the environment is one of
the top priorities. In this context, the negative con-
sequences of using high amounts of fertilizers even
obtain higher importance, not only environmen-
tal, but social as well. Thus, mineral fertilizers leach
downhill, contaminate waters, and finally they are
costly. Organic fertilizers, recommended by local
government (Petroganik), including farm manure
and composts from manures (cow dung, goat, poul-
try, etc.), industrial wastes (waste sugar mill), or
municipal waste (household waste) filler, are not
enough [1].

An alternative or a supplemental tool can be
using of humic substances (HS): natural mate-
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rials, which have been formed from degraded
biomass. HS are chemically defined as organic
macromolecular complexes that contain phe-
nolic, carboxylic, and aliphatic moieties, acting
as colloidal component, having high surface area
and ion absorption capacity [2]. HS affect plant
physiology [3, 4], enhance nutrient uptake [5-7],
raise the phytochemical decomposition of pesti-
cide or toxic organic compounds [8], and play a
role in transformation, binding and transport of
toxic chemicals in soil and water [9]. Besides,
HS have been reported to exert antitoxic actions
in contaminated environment [10, 11], binding
pesticides and providing mediating effects [12].
Pesticide toxicity in the presence of HS was ex-
amined in numerous studies [13-15] and showed,
that they can either enhance or reduce toxicity
of xenobiotics, exerting synergistic or antagonis-
tic effects on plant growth, depending on chem-
ical and physiological mechanisms involved [10,
11, 16, 17].

Therefore, application of HS-based amend-
ments (or commercial humic products — HP) as
fertilizers or plant growth stimulators in agricul-
ture has increased in recent years [18-26]. HP can
be used not only as soil conditioners, but also as
plant biostimulants [7, 27]. In latter case they can
be applied as foliar sprays or solutions for seed
pre-treatment before sowing. Positive experience
of HP-applications as foliar treatments in green-
houses or field studies has been reported not only
to increase yield, but also to improve crop qual-
ity [28-30].
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10 TAIS Study weE assessed the €1ects o1 cominer-
cial HP Lignohumate®, which has been derived
from lignocellulose wastes [31, 32]. It is manu-
factured in a controlled process of hydrolytic ox-
idation of lignosulphonate, resulting in formation
of humic-like substances. Lignohumate has been
profoundly analyzed and widely tested on various
crops and environmental conditions. The results
have demonstrated its effectivity as a plant growth
stimulator, providing an increase in yield and syn-
ergistic effect with pesticides [33, 34].

The objective of this study was to evaluate
the effect of Lignohumate on growth, develop-
ment and yield on rice Oryza sativa L. both along
and at combined application with pesticide un-
der conditions of traditional wet rice cultivation
in Bali.

2. Materials and Methods

2.1. Research Site Condition

The research was conducted in technical irri-
gated rice field of Subak Anggabaya (Subak is ir-
rigation system in Bali that has own traditional
rule that convincing the balance of water sharing
to fulfil the water need) Bali, Indonesia during
the dry season of 2015.The soil type of the exper-
imental field (was analyzed by Soil Lab authority
of Udayana University) is Latosol with proper-
ties (at depth of 0—20 cm) as follows:17.32% sand,
25.23% clay, 0.92% organic carbon, 0.2% total ni-
trogen, 31.97 ppm total phosphorus, pH 7.0 and
0.83 cm min-1 conductivity.

2.2. Crop, Fertilizers,
and Experimental Design

Rice (Oryza sativa L., HYV Cigeulis) was culti-
vated under fully irrigated conditions. Experimental
design included basic NPK fertilization, insecticidal
sprays with beta-cyfluthrin(active ingredient, a.i.)
(Sumo S0ECTM), and the application of commer-
cial humic product «Lignohumate AM» (LH), so
that treatments composed two blocks: with appli-
cation of LH (LH-treatments, LHT) and without
(non-lignohumate treatments, NLHT).Before sow-
ing, rice seeds were soaked in water for NLHT or in
0.5% LH solution for LHT. After 2 weeks, seedlings
were transplanted on seed bed, the period from sow-
ing until harvesting was 95 days.

The experiment was laid out in complete ran-
domized design with 4 replications of 4 m x 5 m
blocks and planting spacing of 30 cm x30 cm.All
the plots were treated with basic NPK fertiliza-
tion: Urea (46% N) and Ponska (15% N, 15% P,O5
and 15% K,0) with doses of Urea 2 kg/100 m? +
Ponska 2 kg/100 m? which distributed three times

applications as I011owS: 1) OoNn€ week alter trans-
planting: 0.5 kg urea/100 m2+ 0.5 kg Ponska,/100
m?, 2) three weeks after transplanting: 0.75 kg
urea/100 m2 + 0.75 kg Phonska/100 m?2, and 3)
five weeks after transplanting: 0.75 kg urea/100
m? + 0.75 kg Phonska/100 m? Beta-cyfluthrin was
applied as foliar spray at 2 and 8 weeks after trans-
planting (together with LH application) at con-
centrations of 1.0, 0.5 and 0 mL L-!, which corre-
spond to 100%, 50% and 0% of the recommended
dose. Reduced concentrations of insecticide were
used to evaluate a possible synergetic effect at the
time of application in combination with humic
product. «Lignohumate AM» is a commercial hu-
mic product with microelements, derived by an in-
dustrial process from lignin and containing about
80% of humic substances, 9% K, 3% S, 0.1-1.2 g
kgt Mg, 0.1-2.0 g kg! Fe, 0.1-1.2 g kg! Cu and
Co, 0.1-1.5 g kg B, 0.05-1.15 g kg'! Mo, 0.1-1.2
g kg! Zn (on dry matter basis).LH was applied
for seed pre-treatment before sowing (soaking in
0.5% LH solution) and as foliar spray (0.05%) in a
tank mixture with insecticide at 2 and 8 weeks af-
ter transplanting, which corresponded to growth
stages of tilling and booting. Field trial design is
summarized in Tab. 1.

Table 1
Design of the field trial treatments
Treatment* l:fsr :z::;:::e’n':t dL;;t(:;n Lignohumate

A 1.0 (100) no
B 0.5 (50) no
C 0(0) no
D 1.0 (100) yes
E 0.5 (50) yes
F 0(0) yes

*Basic NPK fertilization is equal for all the treatments.

2.3. Data Collection and Analysis

During 1st five weeks seedlings were sampled
weekly to record growth characters: a random
sample of 2 plants from each plot was taken to the
laboratory and analyzed for plant height, leaf area,
tiller and leaf number per hill, and chlorophyll
content in leaves. Chlorophyll content was meas-
ured using Chlorophyll Meter type SPAD-502Plus
(Konica Minolta) with its unit is SPAD.At matu-
rity the crop was harvested manually. After thresh-
ing, cleaning and drying the grain and straw, grain
fresh weight and oven weight, 1000-grain dry and
oven weight, numbers of seed and panicles per hill
were recorded. To determine yield and yield com-
ponents random samples of 20 hills were taken
from each experimental plot and analyzed.
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2.3.1. Chemical analysis of grain

Ash content was determined using thermo-
gravimetric SNI 01-1891-1992. Total nitrogen
was analyzed by modified of semi micro Kjeldahl
AOAC 960.52; protein content was calculated
from total nitrogen content with conversion rate
of 6.25 [35].Lipids were analyzed by extraction
series of diethyl ether, n-hexane, petroleum ether
and benzene; the percentage of dry lipids was cal-
culated after evaporation of extracts.Total carbo-
hydrate percentage was determined by difference
i.e. resulted from 100 subtracted by percentage
of sample water content, ash, protein and lipid.
Amylose was analyzed using colorimetric iodine
assay index method.The amylose content calcu-
lated by adjusting absorbance (A 625 nm of spec-
trophotometer) of sample to standard curve con-
structed using pure amylose [36, 37].

2.3.2. Statistics

The data were variant analyzed according to the
randomized complete design using the Microsoft
Excel software. When the difference between the
treatments was significant, this difference was
compared by Duncan Multiple Range Test on level
of 1 and 5% [38].

3. Results

3.1. Plant Growth

At early stages of plant vegetation LH pro-
moted root growth of seedlings: the height of seed-
ling was significantly different between NLHT and
LHT according to 5% degrees using the Duncan
Multiple Range test (Tab. 2). At 2 weeks after
sowing the average root length of LH-treatments
was significantly longer than on NLHT (13.1 and
12.3 c¢m respectively), while seedling height was
lower than on NLHT (19.4 and 20.4 cm). The LH-
treatment reveal fatter seedling but shorter than
NLHT, so they looked more vigorous, more robust,
and its stems was thicker than without LH appli-
cation (Tab. 2, Fig. 1).

With subsequent plant growth and develop-
ment, the difference in height between LHT and
NLHT was less significant (7ab. 3). The others

Fig. 1. Seedling of 10 days after sowing on NLHT (left) and LHT (right).
Seedlings with LHT looked more vigor than NLHT.

Table 3

Plant height, tiller number, and productive tiller number 3 weeks
after transplanting

WESRIMSIITE heiglt:n(tcm) e :ﬂ?; ol tilleﬁ?gﬂf}‘iv&o.)
A 60.8+0.2 a 27.4+0.4 a 16.6+2.3 a
B 59.3+1.14a 250409 a 17.4£2.2 a
C 54.9+0.8 ab 25.8+0.1 a 19.1424 a
D 57.30.5 ab 216220 a 18.7+33 a
E 57.2+0.2 ab 23812 a 19.3t42 a
F 522+1.1b 24112 a 17.4£05 a
NLHT 60.8+0.2 a 274209 a 16.610.6 a
LHT 59.3x3.0 a 25.0+0.6 a 17.4+03 a

Description: Data are means+SDs. Numbers followed by the same letters are
not significantly different based on 5% Duncan test level (above data block).
Numbers followed by the same letters are not significantly different based on
5% Student t-test (below data block).

variables such as total number of tillers, including
the number of productive tillers per hill showed no
significant differences among treatments (7ab. 3).
Hence, by the 5th week of vegetation plant height,
numbers of tillers and leaf per hill in LHT slightly
exceeded the corresponding parameters in NLHT

(Fig. 2).

Table 2
Seedling height and root length at 2 weeks after sowing
NLHT! LHT?
Root Shoot Root Shoot
Length (cm) 12.3:0.4 20.10.7 13.1+03 19.4+0.2
o A a
Slgnlﬁcatlon.(r?_tzcsiiznt ttest 5% t (calculated) = 8.95 t (calculated) = 13.12 B b
d t (table) = 1.98 t (table) = 2.18

Non-lignohumate-treatments, ZLignohumate-treatments.
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Table 4
Leaf number, leaf area and chlorophyll content in rice leaves
9 weeks after transplanting

QR | Lot T i
A 71£30a 863516 a 38.64+11 be
B 69+6.0 a 994723 a 38.93+13 be
g 6370 a 855512 a 40.06+12 ac
D 60£0.0 a 8902+13 a 39.56+06 ac
E 69+0.1 a 8937+11a 4334+20a
7 6009 a 8640+12 a 40.8424.0 ac
NLHT 67.7435 a 9045+22 a 3921£11a
LHT 63.0£23 a 8826423 a 4125£12 b

Description: Numbers followed by the same letters are not
significantly differentiated based on 5% Duncan test level (above data
block). Numbers followed by the same letters are not differentiated
based on 5% Student t-test (below data block). .
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Fig. 2. Rice plants growth characteristics during 1st five weeks
of vegetation. NLHT is non-lignohumate treatment:
LHT is lignohumate treatment.

Table 5
Effect of LH and pesticide on rice yield and yield components

’7 1000-grain dry | Dry yield | Grain hill-' | Panicle

Treatments weight (g) | (ton ha-') |  (No.) hill-' (No.)
A 2555300 | 9.6:04b | 1412122 | 24elba

B 247433 b 11.%0.3 1571519 a | 250423 a

C 254240 b 99+0.4ab | 1805+13a | 25.8+13 a

D 24,6:30b ‘O'ggﬂ'z 1709623 a | 216:25a

E 365:33a | 115:03a | 1762163 | 238:33a

F 261530b | 9.6:05b | 1410¢11a | 2412452

NLHT 252:34a | 102:084a | 15%+15a | 261234 a

LHT 284+53b | 105+1.1a | 162717b | 231234 b

Description: Data are means+SDs. Numbers followed by the same
letters are not significantly differentiated based on 5% Duncan test
level (above data block). Numbers followed by the same letters are
not differentiated based on 5% Student t-test (below data block).

The best effect of LH on chlorophyll concen-
tration was in combination with 50% of recom-
mended insecticide dose (i.e., 0.5 mL L of beta-
cyfluthrin a.i.). Total chlorophyll content on this
treatment (E) was 43.34 SPAD which was signif-
icantly different to 100% insecticide dose with
no LH involved (A) that was 38.64 SPAD. This
means that LH was able to substitute 50% insec-
ticide of the amount used by farmer. This is one
benefit of applying organic product in agriculture
that subsequently supports organic farming sys-
tem. The high chlorophyll concentration increases
photosynthesis activities of leaves and the prod-
uct fulfil seed fully therefore seed set more pithy,
hence contribute to better seed quality. Tub. 4
shows LHT presented the average of chlorophyll
concentration of 41.25 SPAD and was significantly
higher than in NLHT that amount of 39.21 SPAD.
Thus, increase in chlorophyll content was 5-12%.
This percentage is related to rice yield that also
increase significantly on E compared to A treat-
ment (Tab. 5).

3.2. Rice Yield and Grain Quality

In general 1000-grain dry weight on LHT-plots
was significantly higher compared to NLHT with
an increase at about 13% (Tab. 5). Grain numbers
per hill was also higher, but due to a decrease in
the panicle number per hill, an increase in the har-
vested yield was insignificant.

The highest values for 1000-grain weight and
harvested yield were observed for the treatment,
where LHT was combined with 50%-dose of insec-
ticide (36.5g and 11.5 t/ha; treatment E), which
was significantly higher compared to 100% insec-
ticide (25.5g and 9.6 t/ha) and to LHT alone.

Application of LH did not affect content of wa-
ter, ash and protein in rice grain. But content of li-
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pids was significantly reduced. The most remarka-
ble differences were observed for the carbohydrate
content: LH alone was able to raise carbohydrate
and amylose concentration of rice. Treatment of
100% pesticide combined with LH produced the
highest concentration of carbohydrate and amyl-
ose rice grain, they were 71.68 mg and 12.66 mg
per 100 g rice respectively (treatment D; Tab. 6).

4. Discussion

application of HS is often reported in

literature [39- 42]. Thus, application of HA
in nutrient media in optimal concentrations
promoted development of lateral roots, radicular
superficial area, and number of mitotic sites in rice
seedlings, acting as a plant elicitor by'triggering
a series of cell signalling events [43]. HA even
has indicated more beneficial impact to root than
auxins on the development of root system [44].
Similar effects have been reported earlier for the
LH, when it was applied to maize plants and
promoted an increase in root dry weight up to
117-124% and slight decrease of leaf dry weight
(90-99% to control) [33].

LH was able to promote chlorophyll synthesis
in plants. Similar phenomena, when HS applied
as foliar treatment, improved photosynthetic rate
due to the higher content of chlorophyll were
reported for pepper [29], chrysanthemum [45].
Positive influence of humic product on photosyn-
thetic parameters was also observed by Haider et
al [46]. For LH an increase in chlorophyll con-
tent (up to 17-70%), was documented earlier [33,
34), suggesting its positive role in photosynthe-
sis process.

The highest chlorophyll production on the
treatment of 50%-rate of the insecticide combined
with LH (treatment E) may have been caused by

Root growth stimulation resulting from

Table 6
The nutritional content of rice

the combined effect of beta-cyfluthrin in combina-
tion with LH in the proper dosage, which provided
maximum results. When 100%-rate of insecticide
was applied, probably the insecticide exerted cer-
tain toxicity for plants, which influenced chloro-
phyll formation and resulted in its lower content
in leaf, than in treatments with 50%-rate of insec-
ticide or without it.

The highest values for 1000-grain weight and
harvested yield were also documented for the
treatment E, where LHT was combined with 50%-
dose of insecticide. This means that LH is able to
substitute 50% insecticide of the amount used by
farmer which also indicated the benefits functions
of LH. These data suggest that LH promoted for-
mation of filled grains compared to NLHT, most
probably due to its positive influence on chloro-
phyll synthesis. The chlorophyll is responsible for
carbohydrate production through photosynthe-
sis [47]. Increased chlorophyll content in the leaf
leads to increase in the plant productivity as well,
and the observed higher production rate of carbo-
hydrates in LHT (Tab. 6) could be due to more ac-
tive photosynthesis process.

Similar observations, when application of hu-
mic product enhanced starch content in maize
grain were reported in literature [7]. As for the
LH, its ability to increase content of glucose,
fructose and rubisco enzymatic activity of maize
plants was showed by Ertani et al. [33]. This fact
was strongly linked to the role of LH in increas-
ing leaf chlorophyll. The higher chlorophyll con-
centration promote photosynthesis rate under
sun light and results on higher carbohydrate pro-
duction [48, 49].

P — Content (mg/100g)
Water content Ash Protein Lipid Carbohydrate Amylose
A 11,65:2,0 b 12904 e 12,87+0,3 a 3,70:0,2 b 70,5140 e 10,76+1,3 f
B 10,7214 f 1,5520,1 ¢ 12,88407 a 3,93:05a 70,94£3,1 ¢ 11,9622 ¢
C 113105 d 2,16:02 b 12,8604 a 3,520,7 ¢ 70,1553 11,1330 e
D 10,88+0,4 e 221407 a 12,8508 a 237102 71,68:2,4 a 12,6622,1 a
E 114714 c 11604 f 12,8705 a 392401 a 70,58+7,2 d 12,4917 b
F 11,7507 a 1,330,2d 12,8805 a 2,52:0,2 d 71,54£32 b 11,4241,6 d
NLHT 11,23:03 a 1,6720,2 a 12,8705 a 372405 a 70,53+4,1 a 11,28+2,1a
LHT 11,37+0,8 a 157404 a 12,8710,6a 294:02 b 71,2742 b 12,1918 b

Description: Numbers followed by the same letters are not significantly different based on 5% Duncan test level (above data block). Numbers followed

by the same letters are not differentiated based on 5% Student t-test (below data block).

8 BOOA: XMUMWA W 3KONOT A

5.4Cé

nis
Ligr
wet
Althc
numk
yield
resul
grow!
prom
incre:
of gr:
when
lower
Duet
prom
amylc
pithie
The
for co
LHw
a toxi
a spec

Refere

1. Bu
agro-to
develoj
tourisn
2. Ste
tion, re
3. Na
Physiol
Soil Bi
4. Tre
Humic
terface:
// Plan
5. Ayt
Stimule
humic ¢
rials. Bi
6. Nar
Biologi
chemic:
ic matty
Huang
7. 1@y
Nebbios
as biost
2015. V.
8. Tru
Trubets
of comp
99, pp¥:



nclusions

this study commercial humic product
humate AM® was for the first time tested for
ce cultivation under conditions of tropics.
no significant effects on plant height,
- of tillers, leaf number, leaf area and rice
ere recorded, but some promising positive
were observed. Thus, LH stimulated root
at early stages of plant development,
ed chlorophyll synthesis in leaves, and
ed 1000-grain weight as well as the number
per hill. The experiment showed that
ing LH, rice can be grown at significantly
ses of pesticides than is currently used.
crease in chlorophyll, application of LH
an increase in carbohydrate levels and
e content in rice, so that the grains become

most distinct positive effects were observed
abination of LH with half-dose insecticide.
likely able to maintain plant resistance to
influence of pesticide. This effect can be of
benefit for farmers.

a I.W., Ambarawati I.G.A.A. Community based
m as an innovative integrated farming system
nt model towards sustainable agriculture and
Bali. J. ISSAAS 2014, V. 20. Ne 1, pp. 29-40.
son EJ. Humus chemistry: genesis, composi-
ons. John Wiley&Sons, 1994. New York. 512 p.
S., Pizzeghelloa D., Muscolo A., Vianello A.
ical effects of humic substances on higher plants.
)l & Biochem. 2002, V.34, pp. 1527-1536.

an S., Francioso O., Quaggiotti S., Nardi S
stances biological activity at the plant-soil in-
environmental aspects to molecular factors
ignaling &Behav. 2010, V.6, pp. 635-643.

M., Hernandez T, Garcia C. Pascual ]J.
n of barley growth and nutrient absorption by
tances originating from various organic mate-
. Technol. 1996, V. 57, pp. 251-257.

S., Carletti P, Pizzeghello D., Muscolo A.
activities of humic substances. In Biophysico-
rocesses involving natural nonliving organ-
n environmental systems. Senesi N., Xing B.,
. Eds. Wiley: Hoboken; 2009, pp. 305-339.

as L.P, Olivares EL., Aguiar N.O., Jones D.L,
., Mazzei P, Piccolo A. Humic and fulvic acids
ants in horticulture. Scientia Horticulturae.
6, pp.15-27

skoj O., Richard C., Grigatti M., Ciavatta C.,
a 0. Evaluation of photochemical properties
humic-like materials. Biores. Technol. 2008, V.
0-5093.

The results of this study show that the applica-
tion of Lignohumate for wet rice cultivation un-
der conditions of Bali can be promising. However
further experiments need to be focused on optimi-
zation of its application under local climate condi-
tions and agricultural practices. Experiments need
also to be done on a variety of plants including
vegetables and horticultural crops in order to get
the optimum dosage of each plant.
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