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PLANT GROWTH STIMULATION OF LIGNITE HuMIC ACID PART-II EFFECT oF LIG
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USING DIFFERENT LEVELS OF PHOSPHATE FERTILIZER 

A Rasheed Khan  and Surriaya Mir* 

Fuel Research Centre, PCSJR, Karachi-75280, Pakistan 

(Received 11 October 2000; accepted 26 January 2002) 

The effect of humic acids (ammonium humate) derived from Pakistani lignite on the growth and grain yield of wheat 
(I'rzticum aeshvum-V) crop m the presence and absence of phosphate fertilizer and in combination with various levels of 
ph�sphate fertilizer was studied. Application of humic acids in all doses when applied alone and in combination with
vanous levels of phosphate fertilizer (TSP) has significant beneficial effect on the growth and yield of wheat. An enhanced 
effect on the growth and grain yield was notified when Humic acids was added alone without using any fertilizer. 
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Introduction 

Burnie acids is a vital constituent and an intimate part of 

soil's organic structure. In soil system the organic constitu

ents comprises 0.5 to 5% of the total mass. Humic acid has 

been required and used by many soil scientists, agronomists 

and farmers as an essential constituent of organic matter highly 

effective in improving soil conditions and for plant growth 

(Ladd and Butler 1969; Lee and Bartlett 1976). Due to its 

physico-chemical properties such as very high cation ex

change capacity, excellent water holding capacity and reten

tion of mineral ions through complexation etc. play an impor

tant role in plant growth (Vaughan and Macdonald 1976; 

Guminskieta/ 1983). 

The importance of organic matter in soil is well recognized 

and is not a recent discovery. Unfortunately the soil in the 

wheat growing area as of pakistan contains less than 1 % of 

organic matter wich is not sufficient amount for getting de

sired yield. In such soils where the organic matter is not in 

sufficient quantity, the addition of Humic acid can play a 

positive impact on soil fertility and improve plant growth. 

Fortunately, Pakistan has so many reserves of lignitic coals 

which contain sizeable amounts ofHumic acids and can be 

utilized for enhancing the agriculture productivity (Mir et al 

2002). 

Now it is well understood that Humic acids exert a stimula

tory soil conditioning/growth promoting effect when applied 
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along with a chemical fertilizer like N-fertilizer, phosphate fertil

izer etc. The effectiveness of this combination occurs through 

chelation. It has the capacity to hold the nutrient ions and 

release them as and when required by plants (Linchen 1978). 

In a similar way, Burnie acids may play a key role in phosphate 

fixation. Soil phosphates are often immobilized through reac

tion with iron and aluminiun1. The Burnie acids via chelating 

reaction can break iron or almninium bond with phosphate 

releasing it in the solution, therefore, th� addition ofHumic 

acids increases the availability of phosphorus for the plant 

(Malcolm and Vaughan 1979; Hajra and Debnath 1987). In our 

earlier paper the effect of anllllonium humate along with N

fertilizer on the crop of wheat was reported (Mir et al 2002). 

The addition of Burnie acids increased the size of grain, plant 

and leaves (Mir et al 2002). As we know that wheat is the 

staple food of Pakistan, which contributes 83% of the total 

cereal intake and provides 50% of the total calories and 60% 

of the proteins con�umes by the population of Pakistan as a 

whole. It becomes very necessary to seek the ways for get

ting enhanced growth of grain by adopting new ways free 

from environmental hazards. The objective of this paper is to 

study the feasibility of reducing the use of phosphate fertil

izer in Pakistan through incorporation of Burnie acids. The 

addition ofBumic acids along with phosphate fertilizer in the 

soil may help in reducing the pollution and the import of chemi

cal fertilizer from abroad. 

This paper describes the effects ofHmnic acids (ammonium 

humate) using different levels of phosphate fertilizer. 
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Table 1
Ultimate and promixate analysis of Lakhra lignite and

humic acids
Name of Material C N H O(by difference) S

% % % % %

Lakhra Lignite Coal 63.3 1.87 5.09 25.03 4.7

Humic Acids 57.30 6.86 4.43 30.17 1.24

Experimental

Material. Nitric acid (commercial grade), Ammonia (E.Merck),
Sodium hydroxide (Commercial grade) were used without fur-
ther purification. Lakhra lignite coal samples were obtained
from Habibullah coal mines. (Table 1)N-fertilizer in the form of
urea (Engro) and phosphate fertilizer in the form of TSP were
used. Potash in the form of SOP was added in the soil as
blanket application.

Preparation of Humic acids. Humic acid was prepared
by the oxidation of coal using strong acid as an oxidant by
following the procedure given else where (Mir et al, 2002).
The acid was then reacted with ammonia to obtain its salt.
C, H and N from Coal salt were estimated by using LECO
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Model CHN-600 Elemental Analyzer. Sulfur was determined
on LECO-Sulfur determinator Model SC-132 and LECO MAC-
400. The ultimate and Proximate Analyses ofLakhra lignite
and Humic acids are summarized in Table 1. Fl' -IR spectra of
the salt and coal were recorded on Perkin Elmer FT -IR spec-
trometer model 1800 using Kbr disc. The max absorbency were
observed as 3400 (S), 2960 (S), 2830 (rn), 1720 (S), 1620 (m),
1550 (W), 1460 (W), 1340 (m), 1260 (m), 1175 (W), 1100 (W),
1040 (m), 920 (m), 670 (W), Cml wave numbers.

Parameters of field for cultivation. The experiment
was conducted on the soil of Hyderabad, Sindh. The soil
had slit loan texture with pH 7.8 to 8.05 and 0.03% N. The
entire field was divided into plots of equal size (1.60 X 5
M2 each). The plot was divided into 8 rows. The row to
row distance was kept 20 em. Proper crop husbandry prac-
tices like hoeing, irrigation, pest control-Buctril-M (after
first irrigation) were followed. Nitrogen 120 kg ha" in the
form of urea and potash 75 kg ha" in the form of SOP were
mixed to the soil as blanket application. Phosphate fertil-
izer in the form ofTSP was applied. All TSP was applied
before planting and incorporated in the soil thoroughly.
Ammonium humate as Humic acids was used in the dry
form/dilute solution in the dosages of 0.25,0.5,5.0 and

Table 2
Effect of ammonium humate on wheat crop using different levels of phosphate fertilizer

AmmoniumHumate Phosphate Fertilizer NO. of Tillers 1000 Kernel Grain Yield
Kgha'! Kgha·l ha·l g kg ha'

0.0 0 27,1000 37 3470
50 33,00,000 37 3690
100 36,60,000 38 6345

0.25 0 32,50,000 38 3625
50 38,30,000 38 4095
100 38,30,000 39 7625

0.50 0 31,80,00 39 3690
50 39,70,000 39 4250
100 39,70,000 40 7970

2.5 0 33,60,000 39 3800
50 39,40,000 39 4600
100 39,50,000 40 7840

5.0 0 34,70,000 38 3840
50 39,20,000 38 4595
100 39,30,000 39 7720

50 0 36,50,000 40 3970
50 39,40,000 40 4470
100 39,30,000 39 7720



Effect of Ammonium Humate on Wheat Crop
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Fig 1. Effect of ammonium humate on yield of grain.

50 kg ha' (Mir et aI2002). The idea was to cover a.minimum
to a maximum dosages of Humic acids.

Results and Discussion

Humic acids by the oxidation of coal was characterized with
the help of ultimate and proximate analysis, solubility and
spectral studies. The elemental analysis of coal and Humic
acids were illustrated in Table L It indicated that coal con-
tains 63_31%C, 1.87%H, 5.09%N and 4.7% Swhilst the prod-
uct estimates C, H, Nand S as 57.3, 6.86, 4.43 and 1.24% re-
spectively. Ibarra and Juan (1985) had reported these values
for their Humic acids as C=57% and H=4. 2% which are in
good agreement with the values obtained in this study. The
Lakhra coal is insoluble in water as well as in alkali like NaOH,
KOH, NH4 OH and similarly product is insoluble in water and
soluble in alkali. This difference in solubility also supports
the results of elemental analysis that the product is Humic
acids. For further identification, FT -IR spectral studies were
also undertaken. These studies also provided evidences to
support above results. FT -IR spectrum of the product shows
maximum absorption bond at 1720 cm' which is due to the
carbonyl stretching vibration of the -COOH group being in-
troduced through oxidation of coal. The absorption at 3400,
2960 and 2830,1430 em:' are ascribed toH-bonded hydroxyl
groups, aliphatic CH and CH2 and CH3 bending respectively.
In the spectral zone of C-O stretching vibration the Humic
acids shows absorption bend at 1040 em" whereas the maxi-
mum absorption at 1100 cm' attributes to tertiary alcohol. The
bend at 1260 cm-' indicated C-O stretching in acryl ethers and
at 1620,920 cm' confirmed the presence of aromatic ring. The
absorption bend at 670 cnr Imay be due to C-stretching mono-
substituted benzene ring whereas the bending at 1340 em:'
indicates C-H deformation and there is a weak bending at 1340
em:' indicates C-H deformation and there is a weak bending at
1175 em:' for phenolic groups. The spectrum of the product
also showed maximum absorption at 1550 em" which may be
due to amide group associated with Humic acids ( Bellamy
1954; Creswell et a11975; Paul et aI1980;). Hence theFT-IR-
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spectrum of the product showed the product to be Humic
acids.

The results obtained from the effect of different levels of phos-
phate fertilizer (TSP) on the grain yield, number of tillers and
weight of 1000 kernel with and without using ammonium hu-
mate are summarized in Table 2. It indicates that in both cases
(with or without ammonium humate) grain yield, No., of tillers
and weight of kernel increased with the increasing level of
phosphate fertilizer.

The addition of 0.25 kg ha' ammonium humate increased the
grain yield from 3625 to 7625 Kg ha-l. The number of tillers
were enhanced from 325 to 383 x 104 ha', whereas the weight
of 1000 Kernel was increased from 38 to 39 g as the dose of
phosphate fertilizer got increased from 0 to 100 kg ha' and the
addition of ammonium humate at 0.5 kg ha' dose enhanced
grain yield from 3690 to 7970 kg ha', 1000 Kernel from 39 to 40
g and number of tillers from 318 x 104 to 387 X 104 ha' as the
dose of phosphate fertilizer increased from 0 to 100 Kg ha'.
Similarly addition of2.5, 5.0 and 50 Kg ha.' annnonium humate
in Combination with three doses of phosphate fertilizer
(0,50,100 kg ha') increased the grain yield, number of tillers
and weight 1000 Kernel appreciably.

In Fig 1, plots compare the grain yield of wheat obtained due
to the addition of different doses of ammonium humate (0 to
5.0 Kg ha') in combination of various doses of fertilizer. It
shows that the grain yield increased with all doses of ammo-
nium humate when used alone or in combination with various
levels of phosphate fertilizer. A maximum increase of 14.4% in
grain yield was observed over control using ammonium hu-
mate dosage 50 kg ha' with '0' level of fertilizer (See Table I).
Ammonium humate at 5 kg ha' in conjunction with helflevel
of fertilizer dose produced a maximum increase of24.5% in
grain yield over half fertilizer dose. Using 0.5 kg ha' of ammo-
nium humate in combination with full phosphate fertilizer dose
produced an increase of about 26% over the full fertilizer dose.
Similar results were also obtained when N-fertilizer was used
with ammonium humate instead of phosphate fertilizer. The
addition of ammonium humate salt of Humic acid increase the
size of grain, plant and leaves. The small dose of 0.5 kg ha'
alone and in combination with half dose ofN-fertilizer (60 kg
ha') is the optimum Concentration of growth stimulation in
wheat in Sindh (Mir et al 2002). Other researehers also re-
ported similar observation (Lee and Bartlett 1976; Malik and
Azam 1985).

When ammonium humate is sprayed on the soil or mixed with
the soil alone or with phosphate fertilizer, it exerts beneficial
effects on the crop. These effects may be related to the phos-
phate fixation property of ammonium humate, which converts
the insoluble soil phosphate into a soluble form through che-
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lation(Linchen 1978; Malcolm and vaughan 1979). The growth
promoting effect of ammonium humate (Humic acids) can also
be attributed to the efficient uptake of essential nutrient
through chelate formation (Vaughan and Mcdonald 1976), an
increased respiratory activity of root and an increase in the
permeability of cell membrane resulting in an increased up-
take of moisture and nutrient elements (Lee and Bartlett 1976).
The results of this study indicated that to reduce the import of
chemical fertilizer and to minimize the polluting effect of chemi-
cals, ammonium humate may be substituted with a full fertil-
izer dose would greatly enhance the grain yield as compared
when a full fertilizer level without ammonium humate. It may
thus be concluded that the under-utilized lignitic coals of
Pakistan may be utilized in the form of ammonium humate
(Humic acids) to enhance the agricultural productivity of the
Pakistani soils. The utilization of Humic acid can be very cost
effective opening an avenue for the Pakistani under utilized
lignitic coals exploitation. Furthermore, this studies also in-
form that the soil of Sindh is rich in humous material.
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