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Abstract
Background/Objectives: The availability of nutrients to plants is one of the main constraints under calcareous soil. This 
study aimed to investigate the influence of humic acid on nutrients availability and fruit yield of apple trees at district 
Ziarat using red delicious apple variety of same age. Methods: Six rates of humic acid were tested in randomized complete 
block design (RCBD) with three replications. These rates were included as T1 = Control (0.0 g Humic acid), T2 = 50 g 
potassium humate tree-1, T3 = 75 g potassium humate tree-1, T4 = 100 g potassium humate tree-1, T5 =125 g potassium 
humate tree-1 and T6 = 150 g potassium humate tree-1. Findings: The results showed that the apple trees received 125 and 
150 g potassium humate tree-1 recorded statistically at par but higher fruit set (71.68 and 74.66%) and fruit yield (262.15 
and 264.46 kg tree-1) and higher fruit retention (91.63%) with minimum fruit drop (8.37%) at 150 g potassium humate 
tree-1. However, control treatment resulted in greater fruit drop (72.43%) and minimum fruit set (21.10%). Similarly, the 
application of 125 and 150 g potassium humate tree-1 manifested higher leaf macro and micro nutrients concentration. 
There was positive and significant correlation between apple fruit yield and leaf nutrient concentration which evidenced 
the beneficial and stimulatory effect of humic acid on nutrient availability and yield. Applications/Improvements: From 
this study it is suggested that different sources of humic acid need to be tested on apple so that the best source of humic 
acid can be found for quality fruit production of apple.

1. Introduction
Production of deciduous fruits in Balochistan has a spe-
cial advantage over other fruit growing areas, because 
of its environmental condition. The diversity of climates 
in the province is a blessing for growing various fruit 
crops ranging from temperate to sub-tropical and tropi-
cal. Among them, apples are the first largest planted fruit 
in Balochistan and it covers 0.101 million hectares with 
a production of 0.224 million tones. Apple contributing 
more than 42 and 23% of total areas and production of the 

country’s respectively1. Apple of the province is famous 
for its special taste and quality. But due to lack of organic 
matter in soil and imbalance use of chemical fertilizer have 
resulted in low and poor quality apple fruit production. 
In addition, Baluchistan is the key contributor of apples 
in Pakistan with 70% of apple production,  followed by 
KPK contributing 25% of the national apple growth2. The 
major apple growing districts in Baluchistan are Loralai, 
Mastung, Kalat, Killa saifull, Pishin, Quetta, Ziarat and 
Zhob with total area of 29900, 29925, 22726, 22121, 
57535, 18327, 25066 and 41201 hectares3. Among them, 
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three districts such as Pishin, Quetta and Ziarat hold a 
special position with respect to yield and quality of apple 
production. The commonly grown commercial varieties 
in these districts include Tor Kulu (Red Delicious), Shin 
Kulu (Golden Delicious), Amri, Mashadi and Kashmiri. 
Whereas, Kaja (Katja) is a newly introduced early matured 
variety showing promising results and area is increas-
ing rapidly4 mentioned that Tor Kulu, Shin Kulu, Amri, 
Mashdi, Kashmiri and Kaja varieties contributed 57, 29, 
4, 1.60, 7.68 and 0.72% production respectively in the 
area. However, Tor Kulu is the most popular apple variety 
among consumers and the farmer community accounting 
for about 35% of the apple production in Baluchistan. 

Apples are one of the most widely grown tree fruits. 
Apple trees originated in Central Asia and the first five 
countries in the apple production are China, the United 
States, India, Turkey and Poland respectively. Global 
average apple yields rose from 11 t/ha in 2002 to more 
than 15 t/ha in 2012. Apples rank third in global fruit 
production with about 76 million tonnes in 20125 One of 
the important components of high quality soil is organic 
matter which directly affects soil physical, chemical and 
biological properties and its presence in sufficient quan-
tity is indispensable for sustainable crop production 
and friendly environment6. In tropical and sub-tropical 
areas of the world where high temperature results in 
high decomposition rate of soil organic matter affect-
ing soil fertility and productivity with low crop growth 
and yield7,8. In developing countries like Pakistan where 
inputs are in short supply and removal of crop residues 
for fuel and feed purpose further enhance the loss of 
organic matter in soil resulting in low yield. However, 
the enriched deposits of low rank coal containing humic 
acid are found in large quantities in Pakistan which can 
be used as a source of organic matter by extracting its 
humic acid contents9 because it contain phenolic, acidic, 
amino and quinine groups which helps in the availabil-
ity of nutrients in calcareous alkaline soil poor in organic 
matter. This has aromatic structure and is soluble in alkali 
because it is surrogated by carboxyl, phenolic, hydroxyl, 
and alkyl groups which are connected together through 
either linkage10. The application of coal-derived sodium 
humate under calcareous soil increased growth, yield and 
nutrient uptake of various crops11-16. 

One way of plant growth improvement is through the 
structural improvement of both clay and sandy soil allow-
ing for better root growth development. Plant growth is 

also improved by the ability of the plant to uptake and 
receives more nutrients. Humic acid is especially ben-
eficial in freeing up nutrients in the soil so that they are 
made available to the plant as needed. For instance, if an 
aluminum molecule is binded with a phosphorus one, 
humic acid detaches them making the phosphorus avail-
able for the plant. Humic acid is also especially important 
because of its ability to chelate micronutrients increasing 
their bio-availability. The purpose of the present study 
is to determine the extent to which humic substances 
(commercially available) increase nutrient availability 
and improve overall soil properties that ultimately exert 
positive effect on apple fruit production and quality. The 
main objectives of this study are to evaluate the rate of 
commercially available humic acid on apple production 
and quality and to find out the beneficial effect of humic 
acid on the availability of nutrients under calcareous soil.

2. Materials and Methods
This experiment was conducted on fruit bearing apple 
trees of same age and variety during 2015-16. The 
orchard was selected at Tehsil Ziarat owned by farmer. 
The number of trees as per treatments was chosen and 
tagged properly. The experiment was planned in random-
ized complete block design with three replications. The 
different doses of humic acid as commercially available 
potassium humate were evaluated on apple trees and 
treatments were set as given bellow:

T1 = Control (0.0 g Humic acid)
T2 = 50 g potassium humate tree-1

T3 = 75 g potassium humate tree-1

T4 = 100 g potassium humate tree-1

T5 = 125 g potassium humate tree-1

T6 = 150 g potassium humate tree-1

These doses of humic acids were applied after fruit har-
vest and before flowering i.e. at the end of February, 2016 
along with basal dose of recommended N, P and K @ 
300-225-225 g tree-1 along with Fe and Zn application. 
All the orchards production and maintenance practices 
were carried out as per requirement following standard 
procedure. However, composite soil samples was col-
lected from the selected orchards before the application of 
treatments and analyzed for physicochemical properties 
and nutrient status. The data were recorded which were 
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included no. of flowers per tree-1, fruit set (%), fruit drop 
(%), fruit retention (%), no. of fruits tree-1 after flowering, 
no. of fruits tree-1 at harvest, fruit yield (kgtree-1) and leaf 
nutrient concentration (N, P, K, Cu, Fe, Mn and Zn).

2.1 Number of Flowers Tree-1

Number of flowers tree-1 was counted at balloon stage.

2.2 Fruit Set (%)
At balloon stage the total number of flowers was counted 
then the number of set fruits was counted two weeks after 
full bloom. Fruit set% was calculated according to the for-
mula: 

Fruit set% = number of set fruits / total number of 
flowers (balloon stage) X 100

2.3 Fruit Drop (%)
Fruit drop was calculated by the following equation:

Fruit drop% = total number of fruit set - total number 
of fruits at harvest time / total number of fruit set x 100.

2.4 Fruit Retention (%)
Fruit retention was determined by counting the number 
of fruits at harvest time / initial number of fruit set x 100.

2.5 Number of Fruits Tree-1

Fruits were picked in October and numbers of fruits tree-1 
were counted.

2.6 Yield (kg tree-1)
At harvest time, fruits tree-1 for each treatment was 
weighted and then average yield (kg tree-1) was estimated.

2.7 Soil Analysis 
A soil sample with depth of 30 cm was collected from each 
tree under the canopy. Hydrometer method was used for 
soil mechanical analysis17, Soil pH and EC was deter-
mined in 1:5 soil and water suspension at 25oC according 
to the method described by McK eague and McLean18-19, 
organic matter by oxidation method20,21 and total nitrogen 
by Kjeldahl method22. AB-DTPA extraction solution was 
used for extracting P, K, Cu, Fe, Mn and Zn from soil23. 
In the clear filtrate of AB-DTPA soil extract, phosphorus 
was determined on Spectrophotometer at 880 nm wave-
length and potassium on Flame Photometer. 

2.8 Leaf Analysis
Leaf samples were collected from current-season terminal 
shoots and selected mid-shoot leaves on the periphery of 
the apple tree in July. Two to three leaves was taken from 
an individual terminal shoot and totally 100 leaves as per 
sample was collected. The samples was then put in the 
paper envelopes, labeled them with permanent marker 
and delivered to the Laboratory of Soil and Water Testing 
of ARI Quetta the same day and stored it over there at 20 
oC for next coming working day. The samples was decon-
taminated and washed following the method of Sonneveld 
and Dijk24, oven dried at 80 oC, ground to 20 mesh and 
stored in plastic bags at 4 oC in the Lab. for target analysis.

Weighed 0.3g of the prepared plant sample and wet 
digested using hot sulfuric acid with repeated additions 
of 30% hydrogen peroxide (H2O2) until the digestion was 
completed, then this digest was used for the determina-
tion of total nitrogen (N), phosphorus (P), potassium (K), 
copper (Cu), iron (Fe), manganese (Mn) and zinc (Zn)24. 
For phosphorus, pipetted 10 ml of the digest into a 100 
ml volumetric flask, added 10 ml ammonium-vanadom-
olybdate and diluted the solution with Demonized water 
up to the mark. Then, read the absorbance of the blank, 
standards, and samples after 30 minutes at 410-nm wave-
length on Spectrophotometer. The potassium in the digest 
was determined directly by Flame Photometer while 
micronutrients were determined on atomic absorption 
spectrophotometer. Whereas, total nitrogen was deter-
mined by Kjeldhal method25.

2.9 Statistical Analysis
The collected data was subjected to single way analysis 
of variance through randomized complete block design 
and significant differences between treatments was deter-
mined through LSD test at 5% probability level using 
computer program SPSS (Sigma Plot, San Rafael, CA).

3. Result and Discussion
The pre-soil analysis of the experimental apple orchard 
revealed that soil was sandy clay loam in texture with par-
ticle distribution of sand, silt and clay particles of 54.7, 
23.2 and 22%. Further, soil was calcareous, alkaline in 
nature (pH 8.10) and non-saline (ECe 1.22 dSm-1) with 
low organic matter contents (0.81%). The soil nutrient 
status of study area as shown in Table 1 manifested that 
Soil total nitrogen, AB-DTPA extractable P (2.43 mg kg-1) 
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and Zn (0.87 mg kg-1) were low while AB-DTPA extracble 
soil K (142 mg kg-1), Cu (0.62 mg kg-1) and Mn (3.21 mg 
kg-1) were high but AB-DTPA extractable Fe (3.38 mg 
kg-1) was in medium range.

Table 1. Pre soil analysis of the experimental site (apple 
orchard) at Ziarat
Soil characteristics Units Value
Sand (%) 54.7
Silt (%) 23.3 
Clay (%) 22.0 
Textural Class Sandy clay loam
pH 8.10
EC (dSm-1) 1.22
O.M. (%) 0.81
Total Nitrogen (%) 0.062
AB-DTPA extractable P mg kg-1 2.43
AB-DTPA extractable K mg kg-1 142
AB-DTPA extractable Cu mg kg-1 0.62 high 
AB-DTPA extractable Fe mg kg-1 3.38 medium
AB-DTPA extractable Mn mg kg-1 3.21 high
AB-DTPA extractable Zn mg kg-1 0.87 low

The number of flowers tree-1, no. of fruits tree-1 after flow-
ering, no. of fruits tree-1 at harvest, fruit set (%), fruit 

drop (%), fruit retentions (%) and fruit yield (kg tree-1) 
as affected by humic acid application is given in Table 2. 
The overall mean of flowers tree-1 was ranged from 997 to 
2618 with mean value of 1870, fruits tree-1 after flowering 
was 793.9 to 2048 with mean value of 1388.8, fruits tree-1 
at harvest was 207.4 to 1985 with mean value of 1083.7, 
fruit set was 20.8 to 75.8% with mean value of 54.2%, fruit 
drop was 3.0 to 73.9% with mean value of 27.3%, fruit 
retention was 26.1 to 97.0% with mean value of 72.7% and 
yield was 39.3 to 295.9 kg tree-1 with mean value of 171.9 
kg tree-1 respectively.

The statistical analysis regarding the effect of humic 
acid on fruit yield and its attributes of apple trees as given 
in Table 2 exhibited highly significant (p ≤ 0.05) differ-
ences. The maximum number of flowers tree-1 (2266.7), 
no. of fruits tree-1 after flowering (1841.2) and no. of fruits 
tree-1 at harvest (1606.0) were obtained when 150 g potas-
sium humate tree-1 was applied immediately followed 
by 125 g potassium humate tree-1 that were statistically 
at par from each other. While minimum of these param-
eters were recorded in control trees where no humic acid 
was applied. However, at 50 and 75 g potassium humate 
rates, both no. of flowers tree-1and no. of fruits tree-1 after 
flowering showed statistically at par values. Furthermore, 
greater fruit set (74.66%), fruit retention (91.63%) and 
fruit yield (264.47 kg tree-1) were found in treatment 

Table 2. Effect of humic acid on fruit set (%), fruit drop (%), fruit retention (%) and fruit yield of apple

Treatments No. of 
flowers tree-1

No. of Fruits tree-1  

after flowering
No. Fruits tree-1 
at harvest

Fruit Set 
(%)

Fruit 
drop (%)

Fruit 
retentions (%)

Fruit yield 
(kg tree-1)

Control (0.0g 
Humic acid) 1199.7d 915.3d 253.3e 21.10c 72.43a 27.57e 46.40e

50g potassium 
humate tree-1 1741.3c 1058.0c 663.0d 41.97b 37.61b 62.39d 87.0d

75g potassium 
humate tree-1 1788.0c 1110.3c 866.3c 44.54b 22.33c 77.67c 154.66c

100g potassium 
humate tree-1 1988.0b 1612.0b 1418.7b 71.24a 12.39d 87.61b 216.53b

125g potassium 
humate tree-1 2236.7a 1795.3a 1695.0a 71.68a 10.96d 89.04b 262.15a

150g potassium 
humate tree-1 2266.7a 1841.2a 1606.0a 74.66a 8.37e 91.63a 264.47a

CV 3.43 3.64 9.44 7.80 4.99 1.88 7.43
LSD (P <0.5) 116.62 91.89 186.10 7.68 2.48 2.48 23.22
F value 113.7 195.4 95.9 79.1 971.6 971.6 154.5
Mean bearing the same letters are statistically alike
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when 150 g potassium humate tree-1 was applied. statisti-
cally, both fruit set and fruit yield tree-1 were at par on 
both higher rates of humic acid i.e. 125 and 150 g potas-
sium humate tree-1. Whereas, fruit retention showed 
non-significant differences at 100 and 125g potassium 
humate tree-1. However, minimum fruit set (21.10%) and 
yield (46.40 kg tree-1) was observed in control tree. In 
case of fruit drop, the higher rate of potassium humate 
(150g tree-1) expressed minimum fruit drop (8.037%) 
followed by 10.96 and 12.39% at 100 and 125g potas-
sium humate tree-1 which were statistically at par from 
one another but control trees showed higher fruit drop 
(72.43%). The improvement in fruit set and fruit reten-
tion have resulted in increased fruit yield tree-1. In entire 
apple growing regions in Balochistan including district 
Ziarat, fruit drop is one of the serious problems of apple 
production. The application of humic acid has approved 
an excellent source of soil conditioner leading to enhance 
overall soil health and quality. Humates have long been 
used as a soil conditioner, fertilizer and soil supplement26. 

The efficiency of applied inorganic fertilizer is quite low 
due to calcareous nature and alkaline conditions of the 
soil. The application of humic acid works as a chelating 
agent for nutrients already present in the soil and make 
them available to plant. The results obtained through this 
study is in line with findings of27 who conducted experi-
ment on pomegranate to study the effect of humic acid 
and deficit irrigation and their results showed that no. 
of flowers tree-1, fruit set, fruit retention were increased 
significantly with increasing rate of humic acid i.e. from 
32 g to 48 g tree-1. They also reported reduction in fruit 

drop percentage on higher humic acid rates. Positive and 
significant effect of humic acid has also been reported on 
grapes28 and on Le-Conte pear29,30 applied humic acid to 
lemon trees in soil in combination with chemical fertil-
izer while31 tested both humic acid and fertilizer on apple 
and32 applied humic acid as biostimulant on Desert Red 
Peach and Anna Apple trees. The scientific literature has 
recently demonstrated that humic acid exert directly or 
indirectly effects on plant growth processes such as mor-
phological, physiological, genetic and biochemical pro-
cess33-35. 

Apple leaf nutrient concentration as affected by humic 
acid application is given in Table 3. The overall mean leaf 
nitrogen (N) concentration was ranged from 1.3 to 2.7% 
with mean value of 2.2%, phosphorus (P) was 0.10 to 
0.40% with mean value of 0.30%, potassium was 1.10 to 
2.0% with mean value of 1.6%, copper (Cu) was 3.7 to 
46.8 mg kg-1 with mean value of 25.0 mg kg-1, iron (Fe) 
was 35.8 to 202.2 mg kg-1 with mean value of 137.4 mg 
kg-1, Manganese was 18.5 to 130.3 mg kg-1 with mean 
value of 95.6 mg kg-1 and zinc (Zn) was 15.7 to 101.5 mg 
kg-1 with mean value of 58.3 mg kg-1 respectively.

The statistical analysis regarding the effect of humic 
acid on apple leaf nutrient concentration as given in Table 
3 exhibited highly significant (p ≤ 0.05) differences. The 
maximum leaf N, P and K concentration (2.52, 0.36 and 
1.87%) was noted in 150 g potassium humate applied 
trees followed by 2.52, 0.36 and 1.81% in 125g potas-
sium humate applied trees while minimum N, P and K 
concentration (1.38, 0.11 and 1.22%) was observed in 
controlled trees were no potassium humate was applied. 

Table 3. Effect of humic acid on leaf nutrient concentration of apple

Treatments
Leaf Macronutrient conc. (%) Leaf Micronutrient conc. (mg kg-1)

N P K Cu Fe Mn Zn
Control (0.0 g Humic acid) 1.38f 0.11d 1.22f 4.26e 45.50d 22.01c 17.10f
50 g potassium humate tree-1 2.18e 0.25c 1.44e 18.11d 135.78c 102.50b 40.25e
75 g potassium humate tree-1 2.23d 0.25c 1.66d 25.46c 150.31bc 109.02ab 53.01d
100 g potassium humate tree-1 2.45c 0.28b 1.76c 26.41c 160.46ab 110.18ab 64.59c
125 g potassium humate tree-1 2.52b 0.36a 1.81b 33.70b 162.99ab 114.64a 80.35b
150 g potassium humate tree-1 2.58a 0.36a 1.87a 42.19a 169.54a 115.05a 94.65a
CV 0.85 1.51 1.14 6.04 6.88 5.67 3.68
LSD (P <0.5) 0.0345 0.007 0.034 2.75 17.20 9.85 3.91
F value 1625.1 1531.2 543.8 223.3 72.8 135.0 506.6
Mean bearing the same letters are statistically alike
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At 125 and 150g potassium humate tree-1 produced sta-
tistically at par leaf P concentration. Whereas, in case 
of micronutrient, same pattern of leaf nutrient concen-
tration was examined, higher leaf Cu, Fe, Mn and Zn 
concentration was found where 150 g potassium humate 
tree-1 was applied followed by 33.70, 162.99, 114.64 and 
80.35 mg kg-1 Cu, Fe, Mn and Zn in 125g potassium 
humate applied trees. Statistically leaf Fe concentration 
was at par on 100 and 125g potassium humate applied 
trees while leaf Mn concentration was at par on 75 and 
100g potassium humate as well as 125 and 150 g potas-
sium humate applied trees. But controlled trees mani-
fested minimum concentration of micronutrients. It 
means that the application of humic acid increased nutri-
ent availability under calcareous soil because leaf nutri-
ent concentration of apple trees under control showed 
minimum level of macro and micro nutrients. Whereas 
all rates of potassium humate resulted in higher nutrient 
accumulation in leaf over control. But the higher rates 
of potassium humate like 125 and 150 g tree-1 resulted 
in comparatively maximum leaf nutrient accumulation 
of apple trees. Because the main function of humic acid 
in soil is to work as nutrient stimulating agent having 
various functional groups that hold nutrients and do not 
let them to be adsorbed on soil matrix and make them 
available to plants36-38. In addition to the application 
of humic acid increased soil organic matter leading to 
improved soil structure that indirectly improved all soil 
physical, chemical, and biological properties. According 
to39 that commercially available product of humic 
acid have various plant essential elements that help to 
enhance soil fertility by controlling nutrient availability 
and holding them on mineral surfaces which ultimately 
influence growth and yield of plant39. Other research 
studies showed that humic substances increased fruit 
weight and yield of apple and enhanced soluble contents 
of apple fruit32,40. Additionally, humic have stimulatory 
influence on growth roots like auxins.27 Likewise, there is 
growing interest of the use of humic acid and K-humate 
as a substitute to chemical fertilizers41. 

The correlation between apple fruit yield and leaf 
micronutrient concentration as shown in Figure 1 is posi-
tive and significant. According to coefficient of determi-
nation (R2), fruit yield was positively and significantly 
associated with leaf Cu concentration (R2 = 0.887), Fe (R2 
= 0.674), Mn (R2 = 0.593) and Zn (R2 = 0.936). 

Figure 1. Linear correlation between fruit yield and leaf 
micronutrient concentration of apple under humic acid 
application.

4. Conclusion
The availability of nutrients to plants is one of the main 
constraints under calcareous soil Through this study, the 
stimulatory effect of humic acid on nutrients availability, 
fruit set, fruit drop, fruit retention and fruit yield of apple 
trees were investigated. The evaluated rates of humic acid 
indicated that 125 and 150g potassium humate tree-1 pro-
duced higher fruit set and fruit retention percentage and 
higher leaf nutrient accumulations leading to improve 
fruit yield tree-1. There was positive and significant corre-
lation between apple fruit yield and leaf nutrient concen-
tration which evidenced the beneficial and stimulatory 
effect of humic acid on nutrient availability and yield. 
From this study it is suggested that different sources of 
humic acid needed to be tested on various apple variet-
ies so that the best source of humic acid can be found for 
quality fruit production of apple. 

5. References 
1. Government of Pakistan. Agricultural statistics of Pakistan 

2011-12. Government of Pakistan ministry of national food 
security and research (economic wing) Islamabad; 2011. p. 
1−315.

2. Khair SM, Muhammad NS, Syed ASS. Production con-
straints of apple in Balochistan, Journal of Applied and 
Emerging Sciences. 2006; 1(3):167−73.

3. Government of Balochistan. Agricultural Statistics 
of Balochistan. Agriculture Extension Department 
Balochistan, Sariab Road Quetta (Pakistan), 2011-2012.

www.indjst.org


Indian Journal of Science and Technology 7Vol 11 (15) | April 2018 | www.indjst.org 

Hidayatullah, Ahmed Khan, Mouladad, Mirwise, Nisar Ahmed and Syed Azmatullah Shah

4. Shah AN, Afzal M, Khair SM. Drought effect assessment of 
major fruits in Balochistan, Tech. Transfer Instt. Staff Paper 
1, 2000.

5. FAOSTAT. Statistics Division, Food and Agriculture 
Organization of the United Nations. Viale delle Terme di 
Caracalla 00153 Rome, Itly; 2014.

6. Bloem J, Hopkins DW, Benedetti A. Microbiological 
Methods for Assessing Soil Quality. CAB International, 
Wallingford; 2005. p. 1-320. crossref.

7. Giardina CP, Sanford RL, Dockersmith IC, Jaramillo VJ. 
The effects of slash burning on ecosystem nutrients dur-
ing the land preparation phase of shifting cultivation, Plant 
Soil. 2000; 220(1-2):247–60. crossref.

8. Steiner C, Teixeira WG, Lehmann J, Nehls T, de Macedo 
JLV, Blum WEH, Zech W. Long term effects of manure, 
charcoal and mineral fertilization on crop production and 
fertility on a highly weathered Central Amazonian upland 
soil, Plant Soil. 2007; 291(1):275−90. crossref.

9. Hai SM, Mir S. The Lignitic coal derived HA and the pro-
spective utilization in Pakistan agriculture and industry, 
Science Technology and Development. 1998; 17(3):32−40.

10. Gaines I, Yilmaz A. Comparison of five humic acids, Fuel. 
1983; 62:373−79. crossref.

11. Van de Venter HA, Furter M, Dekker J, Cronje IJ. Stimulation 
of seedling root growth by coal-derived sodium humate, 
Plant and Soil. 1991; 138(1):17−21. crossref.

12. Sharif M, Khattak RA, Sarir MS. Wheat yield and nutrients 
accumulation as affected by humic acid and chemical fer-
tilizers, Sarhad Journal of Agriculture. 2002; 18(3):323−29.

13. Sharif M, Khattak RA, Sarir MS. Effect of different levels of 
lignitic coal derived humic acid on growth of maize plants, 
Communications in Soil Science and Plant Analysis. 2002; 
33(19-20):3567−80. crossref.

14. Sarir MS, Durrani MI. Utilization of natural resources 
for increase crop production, Journal of Agricultural and 
Biological Science. 2006; 1(2):123−32.

15. El-Nemr MA, El-Desuki M, El-Bassiony AM, Fawzy ZF. 
Response of growth and yield of cucumber plants (Cucumis 
sativus L.) to different foliar applications of humic acid and 
bio-stimulators, Australian Journal of Basic and Applied 
Sciences. 2012; 6(3):630−37. 

16. Daur I, Bakhashwain AA. Effect of humic acid on growth 
and quality of maize fodder production, Pakistan Journal 
of Botany. 2013; 45(S1):21−25.

17. Bouyoucos GJ. Hydrometer method improved for mak-
ing particle-size analysis of soils, Agronomy Journal. 1962; 
54(5):464−65. crossref.

18. McKeague JA. Manual on soil sampling and methods of 
analysis. Canadian Society of Soil Science; 1978. p. 66−68.

19. McLean EO. Soil pH and lime requirement. In: Page AL 
editor. Methods of soil analysis, Part 2: Chemical and 

 microbiological properties. American Society of Agronomy, 
Soil Science Society of America; 1982. p. 199−224.

20. Walkley A. A critical examination of rapid method for 
exterminating organic carbon in soil: Effect of variations in 
digestion conditions and of organic soil constituents, Soil 
Science. 1947; 63(4):251−63. crossref.

21. Black CA. Soil fertility evaluation and control. Published by 
CRC Press; 1993. p. 1−746.

22. Jackson ML. Soil chemical analysis. Prentice-Hall, Inc., 
Englewood Cliffs, New Jersey, USA; 1962.

23. Soltanpour PN, Schwab AP. A new soil test for simultane-
ous extraction of macro-micro nutrients in alkaline soils, 
Communications in Soil Science and Plant Analysis. 1977; 
8(3):195−207. crossref.

24. Sonneveled C, Van Dijk PA. The effectiveness of some 
washing procedures on the removal of contaminates 
from plant tissues of glasshouse crops, Communications 
in Soil Science and Plant Analysis. 1982; 13(7):487−96. 
crossref.

25. Jones JB. Kjeldahl method for nitrogen determination. 
Micro-Macro Publishing Inc., Athens, GA, USA; 1991. p. 
1−79.

26. Albayrak S, Camas N. Effects of different levels and applica-
tion times of humic acid on root and leaf yield and yield 
components of forage turnip (Brassica rapa L.), Journal of 
Agronomy. 2005; 4(2):130−33. crossref.

27. Khattab MM, Shaban AE, El-Shrief A, Mohamed A. Effect 
of humic acid and amino acids on pomegranate trees under 
deficit irrigation. I: Growth, flowering and fruiting, Journal 
of Horticultural Science and Ornamental Plants. 2012; 
4(3):253−59.

28. Omar AH, Abdelall AH. Influence of sulphuric acid, humic 
acid, sulphur and irrigation water on growth and productiv-
ity of Superior seedless vines grown under saline condition, 
Journal of Agricultural Science, Mansoura University. 2005; 
30:6951−61.

29. Ismail AF, Hussien SM, El-Shall SA, Fathi MA. Effect of 
irrigation rate and humic acid on Le-Cont pear, Journal 
of Agricultural Science, Mansoura University. 2007; 
32(9):7589−603.

30. Sanchez-Sanchez A, Sanchez-Andreu J, Jorda J, Bermudez 
D. Humic substances and amino acids improve effective-
ness of chelate FeEDDHA in lemon trees, Journal of Plant 
Nutrition. 2002; 25(11):2433−42. crossref.

31. Neilsen GH, Hogue EJ, Neilsen D, Bowen P. Postbloom 
humic and fulvic-based zinc sprays can improve apple zinc 
nutrition, Hort Science. 2005; 40(1):205−08.

32. Fathi MA, Eissa FM, Yahia MM. Improving growth, yield 
and fruit quality of “Desert Red” peach and “Anna” apple 
by using some biostimulants, Minia Journal of Agricultural 
Research and Development. 2002; 22(4):519−34.

www.indjst.org
https://doi.org/10.1079/9780851990989.0000
https://doi.org/10.1023/A:1004741125636
https://doi.org/10.1007/s11104-007-9193-9
https://doi.org/10.1016/0016-2361(83)90099-6
https://doi.org/10.1007/BF00011803
https://doi.org/10.1081/CSS-120015906
https://doi.org/10.2134/agronj1962.00021962005400050028x
https://doi.org/10.1097/00010694-194704000-00001
https://doi.org/10.1080/00103627709366714
https://doi.org/10.1080/00103628209367288
https://doi.org/10.3923/ja.2005.130.133
https://doi.org/10.1081/PLN-120014705


Indian Journal of Science and TechnologyVol 11 (15) | April 2018 | www.indjst.org 8

Effect of Humic Acid on Fruit Yield Attributes, Yield and Leaf Nutrient Accumulation of Apple Trees Under Calcareous Soil

33. Varanini Z, Pinton R. Direct versus indirect effects of soil 
humic substances on plant growth and nutrition. In: The 
rhizosphere: Biochemistry and organic substances at the 
soil-plant interface. Pinton R. et al. editor. Marcel Dekker 
Inc., New York, USA; 2001. 141−57.

34. Nardi S, Pizzeghello D, Muscolo A, Vianello A. Physiological 
effects of humic substances on higher plants, Soil Biology 
and Biochemistry. 2002; 34(11):1527−36. crossref.

35. Chen Y, De Nobili M, Aviad T. Stimulatory effects of humic 
substances on plant growth. In: Soil organic matter in sus-
tainable agriculture. Magdoff F, Weil RR editors. CRC Press, 
New York, USA; 2004. p. 103−29. crossref.

36. Russo RO, Berlyn GP. The use of organic biostimu-
lants to help low input sustainable agriculture, Journal of 
Sustainable Agriculture. 1990; 1(2):9−42.

37. Eissa FM, Faith MA, El-Shall SA. The Role of humic acid 
and rootstock in enhancing salt tolerance of ‘’Le-Conte’’ 
pear seedlings, Journal of Agricultural Science, Mansoura 
University. 2007; 32(5):3651−66.

38. Fathy MA, Gabr MA, El Shall SA. Effect of humic acid 
treatments on ‘Canino’ apricot growth, yield and fruit qual-
ity, New York Science Journal. 2010; 3(12):109−15.

39. Akinci S, Buyukkeskin T, Eroglu A, Erdogan BE. The effect 
of humic acid on nutrient composition in broad bean (Vicia 
faba L.) roots, Notulae Scientia Biologicae. 2009; 1(1):81−87.

40. Li N, Wang XX, Lu BL. Study of the Effect of Apple Liquid 
Fertilizer on the Growth and Fruit Development of Apple, 
China Fruits. 1999; 4:20−21.

41. Senn TL, Kingman AR. A review of humus and humic 
acids; 2000. p. 1−5.

www.indjst.org
https://doi.org/10.1016/S0038-0717(02)00174-8
https://doi.org/10.1201/9780203496374.ch4

