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ABSTRACT

Two field trials were conducted at Ismailia Agricultural Research Station, in summer season (2010) using
peanut plant variety (Giza 5) and sesame plant variety (Giza 32) to study the effect of  gypsum as soil
application in two rates zero(G0) and 4.76 ton/ha (G1), humic acids as foliar spray  in two rates zero (Ho) and
6gm/L (H1) and amino acid as foliar spray in two rates zero (A0) and 6gm/L (A1) and their interaction on soil
fertility, yields, its components and seeds quality of peanut and sesame. Recommended rates for N, P and K
were added in the proper time. The obtained results indicated that: The residual available soil macronutrients
(NPK) after peanut and sesame harvesting appear significant increments in soil fertility due to gypsum
application and/or humic and amino acid foliar spray. Significant increments in weight of peanut pods and
seeds (ton/ha), weight of 100 seeds of peanut (g) and weight seeds of sesame (kg/ha), due to gypsum
application and/or humic and amino acid as foliar spray were obtained. The highest yields for peanut and
sesame seeds achieved upon treating by gypsum application and humic acid as foliar spray at rate of increases
104.36 % and 91.62% for peanut and sesame seeds, respectively over control. Gypsum application, foliar spray
by humic and/or amino acids led to significant increases in proteins%, P%, K%, and oil % & proteins yield,
P and K content and oil yield for peanut seeds. The highest values found to be 1210, 24.41, 10.10 and 2315
(Kg/ha) for proteins yield, P and K content and oil yield respectively, which achieved upon treating by 4.76
ton/ha gypsum and foliar spray with 6gm/L humic acid. Significant increases in proteins%, P%, K%, and oil
% & proteins yield, P and K content and oil yield for sesame seeds due to gypsum application, foliar spray
by humic and/or amino acids were obtained. The highest values were 203, 6.53, 28.59and 654 (Kg/ha) for
proteins yield, P and K content and oil yield respectively, which achieved upon treating by 4.76 ton/ha gypsum
and foliar spray with 6gm/L humic acid.
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Introduction

Sandy soils cover vast areas in Egypt. Therefore, reclamation of these soils is the main target for the
horizontal expansion of our cultivable land. Unfortunately, sandy soils have very poor hydrophysical and
nutritional values. Thus, the use of soil  amendments is of vital importance to improve physical, chemical and
nutritional characteristics of these soils. So, fertilization with different elements and also application of gypsum
as a source of Ca and S elements to these soils enhances the vegetative growth of crops. Where, Ca and S
nutrition are often a yield limiting factor for peanut and are necessary for pod growth and increasing peg
strength. David, et al., (2001) found that calcium increases pod yield of peanut. Singh, (1999) concluded that
the integrated use of NPK + gypsum resulted in the highest pod yield of peanut. Borhamy, (2005) and Taha,
et al., (2010) concluded that application of gypsum increased the efficiency of nutrients uptake by plants,
which reflected on growth and productivity. Humic acid (HA) is one of the most important components of bio-
liquid complex. Because of its molecular structure, it provides numerous benefits to crop production. It helps
break up clay compacted soils, assists in transferring micronutrients from the soil to the plant, enhances water
retention, increases seed germination rates, improves water, air, and roots penetration, and stimulates
development of microflora population in soils. Humic acid is not a fertilizer, but as considered as a compliment
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to fertilizer (Mackowiak et al., 2001). Humic acid essentially helps the movement of micronutrients from soil
to plant. Hermann et al., (2000) stated that the positive effect of HA and organic fertilization on the yield
capacity of soil consists of many components. First, these components concern nutrient supply to plants.
Second, physical soil properties are affected resulting in differences in root penetration, gas exchange and water
supply. Singaravel et al., (1993) found that the seed yield of sesame plants increased with increasing the
addition rate of HA from 0 to 40 kg/ha sprayed on the soil surface.

Amino acids can directly or indirectly influence the physiological activities of the plant. Functionally,
amino acids especially L- amino acids rather than D- amino acids are involved in the enzymes responsible for
the structural photosynthesis process. Also, amino acids have act as chelating effect on micronutrients, when
applied together with micronutrients, the absorption and transportation of micronutrients inside the plant is
easier (Ibrahim, 2007). The requirement of amino acids in essential quantities is well known as a mean to
increase yield and overall quality of crops. The application of amino acids for foliar spray is based on their
requirement by plants in general and critical stages of growth in particular. Plants absorb amino acids through
stomata and are proportionate to environment temperature that controls the opening mechanism of the plant
stomata. Also amino acids are fundamentals ingredients in the process of protein synthesis. About 20 important
amino acids are involved in the process of each function (Ewais et al., 2005). Khalil et al., (2008) found that
foliar spray of both amino acids and micronutrients together on onion plants could improve the onion yield
and its components.

Peanut is an important oil and protein crop; it contains about 40-50% oil, 25- 30% protein, 20%
carbohydrates and 5% fiber and ash, and makes a substantial contribution to human nutrition (Fageria et al.,
1997). In Egypt, peanut is known to be successfully cultivated in the newly reclaimed sandy soils. Production
of oil crops in Egypt is insufficient for local consumption. So, it is of great importance to improve peanut
production, which could be achieved by several agricultural practices. Nasef, (2004) found that application of
gypsum combined with NPK at the recommended rates gave significant increases in N, P and K uptake in
peanut seeds and straw as well as increases of seeds oil percent in two successive seasons. Nasef, (2010)
recorded that the application of gypsum + humic and ascorbic acid at rates of 250 and 500 ppm led to
increases seed and straw of peanut yields. Sesame (Sesamum indictum, L) is one of the most important crops
grown for oil production in Egypt. The crop is grown for its seeds, which contain 50-60% oil, 8% protein,
5.8% water, 3.2% crude fiber, 18% carbohydrate, 5.7% ash and it is very rich in minerals such as Ca, P and
vitamin E Dasharath et al., (2007). Also, sesame oil has a very high level of unsaturated acids, which is
assumed to have reducing effect on plasma cholesterol, as well as on coronary heart disease (Agboola,1979).
Sesame seeds have a positive amino-acid structure- high level of methionine and low level of lysine; this
makes it an excellent protein complement to other plant proteins. Neelam Sharma et al., (2007) found that
sesame genotype contained high value of protein content in the range of 18.60 to 27.57 %. The moisture
content was in the range of 3.14 to 4.40 % and ash content ranged from 4.20 to 6.20 %. Sesame seeds are
good source of methionine (2.32 to 3.77 g / 16 g N) and tryptophan (1.03 to 1.95 g / 16 g N). Oxalate content
varied from 475.32 to 987.19 mg / 100g, while the range of oil content was 32.00 to 50.36.In spite of its
importance, little attention has been paid for its nutrient requirements, especially in newly reclaimed sandy
soils. So the main target of the current investigation is to study the efficiency of gypsum, humic acid and
amino acids on soil fertility, yields and seeds quality for peanut and sesame on sandy soils. 

Materials and methods

Two field trials were conducted at Ismailia Agricultural Research Station, in summer season (2010) using
peanut plant variety (Giza 5) and sesame plant variety (Giza 32) to study the effect of gypsum as soil
application in two rates zero(G0) and 4.76 ton/ha (G1), humic acid (humic acid 19 %, total K 10 – 12 %, other
materials 8 –10 %, and water solubility more than 98 % and produced during coal mining) as foliar spray in
two rates zero (Ho) and 6gm/L (H1) and amino acids as foliar spray in two rates zero (A0) and 6gm/L (A1)
and their interaction on soil fertility yield, its components and seeds quality for peanut and sesame. Humic and
amino acid were added as foliar application at two times after 30 and 45 days from planting. The treatments
of gypsum was added as soil application and mixed with the soil before cultivation. Plants were fertilized by
N, P and K according to the general recommendations in the proper time.

Some physical and chemical characteristics of the studied soil before planting are presented in Table (1)
which, were determined according to Klute (1986) and Page et al., (1982).The experimental design was a
randomized complete block with four replicates. The plot area was 10.5 m2 (3 m width and 3.5 m length).
Representative soil samples of rhizosphere for grown peanut and sesame were collected, at the depth (0-30)
cm from each plot after harvesting. Air-dried and analyzed for N, P, K (µg g-1). At harvest, plant samples were
separated and seeds dried at 70 ºC ground in a Willy mill and digested with H2SO4 and H2O2 according to
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Parkinson and Allen (1975). The digested samples were analyzed for N, P and K according to Cottenie et al.,
(1982). Oil of sesame and peanut seeds was determined according to A.O.A.C (1975). The obtained data were
statistically analyzed according to S.A.S (2001). 

Table 1: Some physical and chemical properties of the tested soil.
Characteristics Value
Particle size distribution (%):
Coarse sand 76.2
Fine sand 16.5
Silt 4.9
Clay 2.4
Texture class Sandy 
Chemical analysis:
pH (1: 2.5, soil suspension) 7.70
Total carbonates (%) 0.40
Organic matter (%) 0.20
ECe dS m-1, soil paste 2.52
Soluble cations (meq/l)
Ca++ 6.69
Mg++ 4.45
Na+ 13.91
K+ 0.56
Soluble anions (meq/l)
CO3

= -
HCO3

- 2.91
Cl- 14.45
SO4

= 8.25
Available N  (µg g-1) 10.70
Available P  (µg g-1) 4.90
Available K  (µg g-1) 70.0

Results and discussion

Residual available soil NPK after peanut and sesame harvesting:

Data in Table (2) show the residual available soil macronutrients NPK (µgg-1) after peanut and sesame
harvesting. Data appear that a significant increment in soil fertility after harvesting due to treatments include
gypsum application, humic and/ or amino acid. The highest values, reached to 40.2, 17.2 and 94.0 (µgg-1) for
N, P and K respectively after peanut harvesting, reached to 38, 14.3 and 89.2 (µgg-1) for N, P and K
respectively after sesame harvesting, due to treatments with gypsum and humic acid (G1A0H1). The statistical
analyses show that soil N after peanut significantly affected by all treatments, for P significantly affected by
G, H, G × H, H × A and G × H × A, for K significantly affected by all treatments expect that G × H. The
statistical analyses show that soils N after sesame significantly affected by all treatments expect that G × H,
soil P and K significantly affected by all treatments. This is could be explained by the general improvement
in soil characteristics due to gypsum application, humic and /or amino acids. This may be due to the beneficial
effect of gypsum on ameliorating some physical properties of soil as well as it is considered as a source of
both Ca and S elements, influence of sulphate ions accompanied with NPK minerals and gypsum on reduction
soil pH values or release of ions from soil colloids by sulphate ions. These results well agreements with those
of Borhamy, (2005) and Taha, et al., (2010).

Peanut and sesame Yields:

The effect of gypsum application, foliar spray by humic and amino acids on weight of peanut pods and
seeds (ton/ha), weight of 100 seeds of peanut (g) and weight seeds of sesame (kg/ha) are presented in Table
(3). Data show that application of gypsum, foliar spray by humic and/ or amino acids led to a significant
increments in weight of peanut pods and seeds (ton/ha), weight of 100 seeds of peanut (g) and weight seeds
of sesame (kg/ha).The highest yields for peanut and sesame seeds achieved upon treating by gypsum
application and foliar spray by humic acid by rate of increases 104.36 % and 91.62% for peanut and sesame
seeds over control, respectively Fig (1). The highest means for weight of peanut pods reached to 6.36 (ton/ha),
the highest means for weight seeds of peanut reached to 3.62 (ton/ha), the highest means for weight of 100
seeds of peanut reached to 107.0 (g) and the highest means for weight seeds of sesame reached to 1048
(kg/ha). The statistical analyses show that weight of peanut pods , weight of 100 seeds of peanut and weight
seeds of sesame significantly affected by all treatments, for weight seeds of peanut significantly affected by
all treatments except that G × A and G × H × A. This increased in yield could be explained on the fact that
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the application of recommended does of mineral fertilizers with gypsum application, humic and/ or amino acids
as foliar spray increased the uptake of nutrients by plants and consequently increased growth rate. The
beneficial effect of those interactions could be attributed to the enhancing of easily nutrients release into soil
solution and to encourage their penetration through plant roots, as well as to develop antagonistic impacts
toward pests and plant diseases (Ho and Hwan, 2000). In this concern, Salwa, et al., (2010) recoded that amino
acids help to increases chlorophyll concentration in sesame plant which leading to higher degree of
photosynthesis. This makes crops mush green and leads to more accumulation of the dry matter and
subsequently increases the crop yield. Similar conclusion was also suggested by Singaravel, et al., (1998),
Singh, (1999), Nasef, (2004), Borhamy, (2005), Nasef, (2010).

Table 2: Residual available soil N, P and K (µg g-1) after peanut and sesame harvesting
Treatments After peanut After sesame

------------------------------------------------------------- --------------------------------------------------------------------------
N (µg g-1) P (µg g-1) K (µg g-1) N (µg g-1) P (µg g-1) K (µg g-1)

G0A0H0 18.0 4.2 42.8 14 2.9 34.9
G0A1H0 19.0 7.3 59.2 23 8.2 42.7
G0A0H1 26.0 9.9 69.7 30 10.2 69.4
G0A1H1 18.1 6.8 58.3 20 6.7 38.3
Means 20.2 7.0 57.5 21 7.0 46.3
G1A0H0 18.0 5.7 43.7 18 4.2 36.4
G1A1H0 36.0 14.3 90.1 34 12.1 84.1
G1A0H1 40.2 17.2 94.0 38 14.3 89.2
G1A1H1 23.3 8.7 65.4 26 9.8 58.2
Means 29.3 11.4 73.3 29 10.1 66.9
L.S.D0.05   For
G (Gypsum ) 3.71* 1.09* 3.19* 5.50* 0.91* 1.07*
H (Humic acid) 3.71* 1.09* 3.19* 5.50* 0.91* 1.07*
G × H 5.26* 1.55* 1.29* 1.51*
A (Amino acids) 3.71* 3.19* 5.50* 0.91* 1.07*
G × A 5.26* 4.52* 7.77* 1.29* 1.51*
H × A 5.26* 1.55* 4.52* 7.77* 1.29* 1.51*
G × H × A 7.43* 2.20* 6.39* 11.0* 1.83* 2.14*
C.V 8.92 9.22 9.41 8.14 7.20 7.30
**Highly significant * Significant N.S: non significant

Table 3: Peanut and sesame yields as affected by gypsum application, humic and amino acids
Treatments Weight of peanut Weight seeds of Weight of 100 Weight seeds of

pods (ton/ha) peanut (ton/ha) seeds of peanut (g) sesame (kg/ha)
G0A0H0 3.53 2.06 95.5 609
G0A1H0 5.94 3.39 100.1 1006
G0A0H1 6.93 3.94 108.8 1076
G0A1H1 5.60 3.20 99.4 956
Means 5.50 3.14 100.9 911
G1A0H0 4.58 2.64 98.2 821
G1A1H0 7.02 3.99 111.9 1154
G1A0H1 7.43 4.21 114.2 1167
G1A1H1 6.44 3.67 103.7 1052
Means 6.36 3.62 107.0 1048
L.S.D0.05 For
G (Gypsum ) 0.89** 1.07* 2.74* 24.0*
H (Humic acid) 0.89** 1.07* 2.74* 24.0*
G × H 1.26* 1.52** 3.87* 33.9**
A (Amino acids) 0.89* 1.07* 2.74* 24.0*
G × A 1.26* 3.87* 33.9*
H × A 1.26* 1.52* 3.87* 33.9*
G × H × A 1.78* 5.48* 48.0*
C.V 9.20 6.15 5.10 7.40
**Highly significant * Significant N.S: non significant

Seeds quality:
Peanut seeds quality:

The effect of gypsum application, foliar spray by humic and amino acids on proteins%, P%, K%, and oil
% & proteins yield, P and K contents, and oil yield (kg/ha) for peanut seeds are presented in Table (4,5). Data
in Table (4) revealed that gypsum application, foliar spray by humic and amino acids led to a significant
increase on proteins%, P%, K%, and oil %. The highest values are 28.75, 0.58, 0.24 and 55% for proteins%,
P%, K%, and oil % respectively, which achieved upon treating by 4.76 ton/ha gypsum and foliar spray with
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6gm/L humic acid. These data were already reflecting on the proteins yield, P and K contents and oil yield
Table (5). Data presented in Table (5) also show that a significant increases in proteins yield, P and K contents
and oil yield due to gypsum application, foliar spray by humic and amino acids. The highest values were found
to be 1210, 24.41, 10.10 and 2315 (Kg/ha) for proteins yield, P and K contents, and oil yield respectively,
which achieved upon treating by 4.76 ton/ha gypsum and foliar spray with 6gm/L humic acid. 

Fig. 1: Rate of increases for peanut and sesame seeds as affected by gypsum, humic and amino acids

Table 4: Proteins%, P%, K%, and oil % for peanut seeds as affected by gypsum application, humic and amino acids
Treatments Proteins % P % K % Oil %
G0A0H0 17.37 0.29 0.19 42
G0A1H0 22.56 0.41 0.21 52
G0A0H1 26.31 0.51 0.23 53
G0A1H1 23.50 0.40 0.21 50
Means 22.43 0.40 0.21 49
G1A0H0 20.06 0.31 0.20 50
G1A1H0 28.25 0.56 0.23 54
G1A0H1 28.75 0.58 0.24 55
G1A1H1 23.75 0.48 0.22 51
Means 25.20 0.48 0.22 52
L.S.D0.05 For
G (Gypsum ) 1.69* 0.09* 0.04** 4.75*
H (Humic acid) 1.69* 0.09* 0.04** 4.75*
G × H 2.4* 6.71*
A (Amino acids) 1.69* 0.09* 4.75*
G × A N.S 0.12* 6.71*
H × A 2.4* 0.12* 0.06* 6.71*
G × H × A 3.39* 0.18* 9.50*
C.V 8.31 9.36 7.40 8.10
**Highly significant * Significant N.S: non significant

The statistical analyses show that proteins%, was significantly affected by all treatments except that G ×
A & P% was significantly affected by all treatments except that G × H & K%, was significantly affected by
G, H and H × A and oil %, was significantly affected by all treatments. Proteins yield, P content and oil yield
was significantly affected by all treatments, for K content was significantly affected by all treatments, except
that G × H × A. In these concerns El- Saadany and Abd El- Rasoul (1999) reported that gypsum application
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to the soil at rate of 500kg/fed increased significantly N, P and K uptake in peanut seeds and straw as well
as increases of seeds oil percent in two successive seasons. Mahmoud (2006) found that the individual
treatment of humic acid increased seeds and straw yields, oil and protein contents in peanut crop. Nasef, (2010)
recorded that macronutrients and micronutrients uptake in peanut seeds increased by application gypsum
combined with humic and ascorbic acid. Similar conclusion was also suggested by Nasef, (2004) and Borhamy,
(2005).

Table 5: Proteins yield, P content, K content, and oil yield (kg/ha) for peanut seeds as affected by gypsum application, humic and amino
acids

Treatments Proteins yield (Kg/ha) P content (Kg/ha) K content (Kg/ha) Oil yield (Kg/ha)
G0A0H0 357 5.97 3.91 865
G0A1H0 764 13.89 7.11 1762
G0A0H1 1036 20.09 9.06 2088
G0A1H1 752 12.80 6.72 1600
Means 727 13.18 6.70 1578
G1A0H0 529 8.18 5.28 1320
G1A1H0 1127 22.34 9.17 2154
G1A0H1 1210 24.41 10.10 2315
G1A1H1 871 17.61 8.07 1871
Means 934 18.13 8.15 1915
L.S.D0.05 For
G (Gypsum ) 19.9* 1.73* 1.41** 19.5*
H (Humic acid) 19.9* 1.73* 1.41** 19.5*
G × H 28.2* 2.45* 2.00* 27.7*
A (Amino acids) 19.9* 1.73* 1.41** 19.5*
G × A 28.2* 2.45* 2.00* 27.7*
H × A 28.2* 2.45* 2.00* 27.7*
G × H × A 39.9* 3.47* 39.1*
C.V 6.40 8.90 7.63 8.10
**Highly significant  * Significant   N.S: non significant

Sesame seeds quality:

The effect of gypsum application, foliar spray by humic and amino acids on proteins%, P%, K%, and oil
% & proteins yield, P and K contents, and oil yield (kg/ha) for sesame seeds are presented in Table (6,7). Data
in Table (6) revealed that gypsum application, foliar spray by humic and amino acids led to significant
increases on proteins%, P%, K%, and oil %. The highest values were found to be 17.37, 0.56, 2.45 and 56%
for proteins%, P%, K%, and oil % respectively, which achieved upon treating by 4.76 ton/ha gypsum and
foliar spray with 6gm/L humic acid. These data were already reflecting on the proteins yield, P and K contents
and oil yield Table (7). Data presented in Table (7) also show that a significant increases in proteins yield,
P and K contents and oil yield due to gypsum application, foliar spray by humic and amino acids. The highest
values were found to be 203, 6.53, 28.59and 654 (Kg/ha) for proteins yield, P content, K content, and oil yield
respectively, which achieved upon treating by 4.76 ton/ha gypsum and foliar spray with 6gm/L humic acid.

Table 6: Proteins%, P%, K%, and oil % for sesame seeds as affected by gypsum application, humic and amino acids
Treatments Proteins % P % K % Oil %
G0A0H0 16.34 0.50 2.30 51
G0A1H0 16.84 0.52 2.32 53
G0A0H1 17.24 0.54 2.36 54
G0A1H1 16.81 0.51 2.31 52
Means 16.80 0.51 2.32 52
G1A0H0 16.80 0.50 2.31 52
G1A1H0 17.31 0.54 2.44 55
G1A0H1 17.37 0.56 2.45 56
G1A1H1 16.88 0.53 2.34 53
Means 17.09 0.53 2.38 54
L.S.D0.05 For
G (Gypsum ) 1.06* 0.04* 0.39* 4.32*
H (Humic acid) 1.06* 0.04* 4.32*
G × H 1.50* N.S
A (Amino acids)
G × A N.S
H × A 1.50* 0.06* 0.55* 6.12*
G × H × A N.S N.S N.S
C.V 9.71 7.62 8.92 7.53
**Highly significant * Significant N.S: non significant
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The statistical analyses show that proteins%, was significantly affected by G, H, G × H and H × A& P%
was significantly affected by G, H and H × A & K% was significantly affected by G and H × A & oil % was
significantly affected by G, H and H × A. Proteins yield was significantly affected by all treatments & P
content was significantly affected by all treatments except that G × A and G × H × A & K content was
significantly affected by all treatments and oil yield was significantly affected by all treatments except that G
× H × A. In these concern, (Singaravel, et al., 1998) found that the humic acid contains auxins, which
influence cell division and stem that gave the cell walls the ability to expand. So, humic acid can contribute,
in increasing seed sesame yield and improving both its protein and oil contents. Salwa, et al., (2010) showed
that the addition of S by rate of 1.0 Mg S/fed and micronutrients led to significantly increase in the
macronutrients, micronutrients, oil % and proteins in seed sesame yields. These increases were more obvious
when amino acids sprayed in combination by rate of 2 g/l.

Table 7: Proteins yield, P content, K content, and oil yield (kg/ha) for sesame seeds as affected by gypsum application, humic and amino
acids
Treatments Proteins yield (Kg/ha) P content (Kg/ha) K content (Kg/ha) Oil yield (Kg/ha)
G0A0H0 100 3.04 14.00 311
G0A1H0 169 5.23 23.33 533
G0A0H1 186 5.81 25.39 581
G0A1H1 161 4.87 22.08 497
Means 154 4.73 21.20 480
G1A0H0 138 4.10 18.96 427
G1A1H0 200 6.23 26.65 635
G1A0H1 203 6.53 28.59 654
G1A1H1 178 5.57 24.61 558
Means 179 5.60 24.70 568
L.S.D0.05 For
G (Gypsum ) 12.0* 0.98* 1.55* 8.95*
H (Humic acid) 12.0* 0.98* 1.55* 8.95*
G × H 16.9* 1.39* 2.19* 12.6*
A (Amino acids) 12.0* 0.98* 1.55* 8.95*
G × A 16.9* 2.19* 12.6*
H × A 16.9* 1.39* 2.19* 12.6*
G × H × A 24.0* 3.10*
C.V 9.31 8.63 8.35 10.33
**Highly significant * Significant N.S: non significant

Conclusion:

Finally, it could be concluded that application of gypsum, humic acid and/or amino acids as foliar spray
show a significant increments in weight of peanut pods and seeds (ton/ha), weight of 100 seeds of peanut (g)
and weight seeds of sesame (kg/ha). The highest yields for peanut and sesame seeds achieved upon treating
by 4.76 ton/ha gypsum and foliar spray with 6gm/L humic acid. Data also show that increases in peanut and
sesame seeds quality i.e. proteins%, P%, K% and oil % & proteins yield, P and K content and oil yield (kg/ha)
were found due to gypsum application, foliar spray of humic acid and/or amino acid. Moreover, the available
residual for soil NPK after peanut and sesame harvesting show increases by gypsum application, and/ or foliar
spray for humic and amino acids.
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