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Abstract

The present investigation was carried out to analyze the response of distinct levels of Phosphorus, Zinc
and Mycorrhizae on capsicum crop during the year 2016. For this, a pot experiment was conducted in the
net house of Department of Soil Science and water Management, Dr Y S Parmar University of
Horticulture and Forestry Nauni, Solan (Himachal Pradesh). The treatment combination consists of 24
treatments comprising 4 levels of phosphorus: Pa- 0, Pr-237.5 kg ha* SSP, Pc-355.5 kg hat SSP and Pg-
475 kg hat SSP, 3 levels of Zinc: Zna-5 kg hat ZnSOas, Znp-7.5 kg hat ZnSOa, Zne-10 kg hat ZnSOs4 2
levels of mycorrhizal inoculation: 1a-0 and 1p-15 g per pot. The results concluded that plant parameters
like root length, plant height and total uptake by the plant increases as level of phosphorus, zinc and
mycorrhizae increases. It also concluded that mycorrhizal inoculation resulted in increased plant growth
and total nutrient uptake by alleviating Phosphorus or Zinc deficiency.

Keywords: P-Zn, antagonistic interactions, arbuscular mycorrhizae, capsicum

Introduction

Capsicum is a high value vegetable crop of family Solanaceae. In India capsicum is mainly
cultivated in Himachal Pradesh, Karnataka, hilly areas of U.P and Tamil Nadu and
Maharashtra. Capsicum or bell pepper is grown in temperate and sub-tropical regions of the
world. This vegetable crop is a rich source of antioxidants, vitamins, flavonoids and also a
balanced source of essential nutrients (Maria et al. 2010) 8. The fruits of bell pepper are
blocky, square or triangular in shape, eaten as raw, cooked as vegetable. The antioxidant
property of ascorbic acid present in it helps in prevention of various diseases like
cardiovascular diseases, cataracts and many more (Maldonado et al. 2002) 71, For optimum
production of plants, essential nutrients are required in balanced quantities. Phosphorus and
Zinc are the two essential nutrients that are required for plant growth. Sometimes, excess rates
of one nutrient can cause the deficiency of other nutrient in the plant tissue. High doses of
Phosphorus can induce Zinc deficiency in the plants which is called as P- induced Zn
deficiency. Growers mainly apply high amounts of Phosphorus fertilizer as compare to Zinc
fertilizers hence, Zn-induced P deficiency is rare (Edwards and Kamprath, 1974) 1%, High
level of Phosphorus application reduces availability of Zinc in plant tissues (Buekert et al.
1998) 6. AMF on the other hand is an essential tool for reducing chemical inputs in modern
agriculture (Douds et al. 2007) 1. Mycorrhiza has been attributed to improved plant nutrition
(Safir and Nelson, 1984) 4, When applied in soils, VAM fungi enhanced plant growth and
uptake of Phosphorus (Bhardwaj et al. 2019) B,

It also plays an important role in Phosphorus and Zinc nutrition also in the availability of N,
Cu, K and other nutrients (Frey and Schuepp, 1993) [*4. The plants inoculated with AM fungi
found to have lower tissue zinc nutrition grown under toxic soil Zn concentration as compared
to uninoculated plants (Dueck et al. 1986) I, Along with this, the status of water in inoculated
plants with VAM fungi has been reported to be increased as compared to uninoculated plants
(Sweatt and Davies, 1984) 1281, In mid hills conditions of the state, available Phosphorus in soil
is comparatively high which may affect the Zinc uptake in the plants. Mycorrhizae
colonization of plants under such conditions can improve the availability of essential nutrients.
Keeping this in view the present study was conducted to see the response of distinct levels of
phosphorus, Zinc and Mycorrhizae on capsicum in protected conditions.
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Materials and Methods

The present investigation was carried out in mid hill
conditions of Himachal Pradesh. For this pot experiment was
conducted in the net house of Department of Soil Science and
Water Management, Dr Y S Parmar University of
Horticulture and Forestry, Nauni, Solan (Himachal Pradesh).
In summer, May-June months are moderately hot however
December-January are the coldest ones. Maximum rainfall
received during June to September in this area and average
annual rainfall is about 1100 mm. There were 24 treatment
combinations and treatment details are given as follow:

Table 1: Treatment combinations without mycorrhiza

Treatment combinations
with mycorrhiza
Treatmentis: PaZnalp

Treatment combinations
without mycorrhiza
Treatments: PaZnala

Treatment2: PaZnola Treatmentia: PaZnolp
Treatments: PaZncla Treatmentis: PaZncly
Treatments: PoZnala Treatmentis: PoZnalp
Treatments: PoZnbla Treatmentiz: PoZnblb
Treatments: PoZncla Treatmentis: PoZnclp
Treatmentz: PcZnala Treatmentiy: PcZnalp
Treatments: PcZnola Treatmentzo: PcZnbly
Treatments: PcZncla Treatmenta1: PcZncly

Treatmentio: PaZnala
Treatmenti1: PaZnbla
Treatmentiz: PaZncla

Treatmentz2: PaZnals
Treatmentzs: PaZnolb
Treatmentzs: PaZnclp

Plant and Soil analysis

Plant parameters like plant height and root length was
measured after harvesting. The macronutrient content of plant
was estimated as; Nitrogen determined by micro-kjeldahl
method (A.O.A.C, 1980) M, Phosphorus determined by
method given by Jackson (1973) ¥ and Potassium content
determined by flame photometric method. The micronutrient
content of plant i.e. Fe, Mn, Zn and Cu were estimated in
Atomic Absorption Spectrophotometer. Soil analysis was
carried out by determining Organic Carbon by rapid titration
method (Walkley and Black, 1934) % available Nitrogen
was estimated by Alkaline Potassium permanganate method
given by Subbiah and Asija (1956) [?61; Phosphorus by method
given by Olsen et al. (1972) ?2; Potassium by Ammonium
Acetate method given by Merwin and Peech (1951) [
Micronutrient cations in soil i.e. Fe, Mn, Zn and Cu were
estimated on Atomic Absorption Spectrophotometer (Lindsay
and Norwell, 1978) 1151,

Results and Discussions

Above ground portion

The data presented in Table 2 revealed that, among above
ground portion, maximum plant height (74.0 cm) was
observed in PgZncl, whereas minimum plant height 40.5 cm

http://www.phytojournal.com

was observed in PaZnala. These observations are similar with
results observed by Cwala et al. (2010) I"l. They concluded
that growth of capsicum plant was affected by mycorrhizal
inoculation. Among macronutrient content of leaves, fruit and
shoot, the maximum total Nitrogen content (10.08%) was
observed in PgZncly (T24) and minimum total Nitrogen content
(7.12%) was observed in P.Znala (T1). Similar results were
also reported by Sreenivasa et al. (1993) 1 who found that
arbuscular mycorrhizae fungi increase the translocation as
well as uptake of nitrogen in the plant. The maximum value of
total Phosphorus content (1.20%) was observed in PgZnaly
(T22) and minimum total Phosphorus content (0.67%) was
observed in PiZncla (Ts). These results are in line with
Benvindo et al. (2014) 1 who observed that with application
of Phosphorus, total Phosphorus content in leaves increased.
The maximum total Potassium contents (11.30%) were
observed in PaZncly (Tis) and minimum total Potassium
content (9.32%) were observed in PgZnala (T1o). These results
are similar with those of Maksoud et al. (1994) 161, who found
that inoculation with Arbuscular Mycorrhizae enhanced the
total Potassium content in plant. Among micronutrient content
in plants, maximum total Fe content (448.57 mg kg™?) was
observed in PaZnalp, (T13) and minimum total Fe content
(214.00 mg kgland) was observed in PgZncl, (Tg). These
findings were also observed by Halder and Mandal (1981) [*2,
who reported that with increase in phosphorus application,
there is decrease in Fe content in shoots. The total manganese
content (263.00 mg kg!) was observed in P.Zncly (T1s) and
lowest total Mn content (210.95 mg kg?) was observed in
PaZnala (T10). The present results are in accordance with those
of Halder and Mandal (1981) [4, who found that with
application of phosphorus, total manganese content in shoots
was decreased. The data presented in Table 2 also shows that
higher total Zn content (84.77 mg kg) in PaZncly (T1s) and
lowest total Zn content (53.47 mg kg?) in PsZnala (T1o).
Similar results were also obtained by Ortas et al. (2011) who
concluded that total zinc content of plant increased by the
inoculation of plant with Glomus mosseae, G. intraradices,,G.
etunicatum, G. clarum, G. caledonium as compared to
control. The Maximum total Cu content (48.00 mg kg) was
observed in PaZnaly (T13) and lowest total Cu content (31.05
mg kg*) was observed in PcZncl, (T21). The application of
phosphorus caused a decrease in the total content of copper in
the shoots was also reported by Halder and Mandal (1981) 121,
In three factor interaction among P, Zn and mycorrhizae,
highest total nutrient uptake by above ground portion (4.87 g
plant?) was observed in PgZnclp (T24) and lowest (2.89 g
plant) was observed in PaZnala (T1).

Similar results were also observed by Bhardwaj et al. (2020)
[ Sl they recorded that macro and micronutrient uptake
increased by mycorrhizal inoculation.

Table 2: Response of distinct levels of Phosphorus, Zinc and Mycorrhizae on above ground portion (shoot):

N . o o o Fe Mn Zn Cu Total uptake
Treatments combinations Plant height (cm) |N (%0) [P (%) | K (%) (mg kg | (mg kg®) | (mg kg®) | (mg ka?) | (g plant?)
PaZnala 40.5 712 | 0.75 | 9.87 | 333.36 237.30 66.48 46.30 2.89
PaZnpla 435 7.17 | 0.73 | 10.10 | 317.00 242.78 75.83 43.83 3.01
PaZncla 434 7.32 | 0.67 | 10.13 | 309.00 249.23 79.13 35.90 3.09
PvZnala 42.0 7.16 | 0.83 | 9.74 | 311.43 223.88 60.58 45.70 291
PbZnbla 44.0 7.22 | 0.77 | 991 | 286.00 234.80 65.83 37.70 3.06
PoZncla 44.0 752 | 0.75 | 9.96 | 256.62 244.80 73.78 35.00 3.20
PcZnala 46.5 7.73 | 0.86 | 9.45 | 301.00 215.78 57.78 41.80 3.33
PcZnpla 46.5 8.05 | 0.78 | 9.83 | 282.00 217.67 60.07 37.30 3.50
PcZncla 49.0 8.35 | 0.79 | 9.86 | 222.00 234.15 71.22 33.30 3.61
PdZnala 48.5 7.98 | 1.03 | 9.32 | 247.89 210.95 53.47 34.10 3.39
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PdaZnbla 49.0 8.17 | 1.01 | 955 | 24152 216.25 57.23 33.50 3.53
PaZncla 52.5 843 | 1.01 | 9.68 | 214.00 225.05 65.08 31.60 3.68
PaZnalb 62.0 8.08 | 0.95 | 11.11 | 44857 244.30 78.77 48.00 3.53
PaZnply 62.5 8.27 | 0.89 | 11.17 | 435.00 256.50 82.88 46.50 3.71
PaZnclp 63.0 8.44 | 0.85 | 11.30 | 394.00 263.00 84.77 38.30 3.78
PbZnaly 63.5 8.22 | 1.00 | 10.96 | 387.00 227.82 71.66 46.50 3.66
PbZnblo 66.5 8.48 | 0.94 | 10.99 | 376.00 242.80 76.92 41.74 3.83
PbZncly 70.5 8.64 | 0.90 | 11.02 | 364.00 253.90 80.41 38.10 3.94
PcZnalb 68.5 9.75 | 1.13 | 10.51 | 356.00 223.75 64.32 44.60 3.99
PcZnply 70.5 9.87 | 1.08 | 10.87 | 345.00 231.82 72.86 36.70 4.63
PcZnclp 72.0 10.01 | 0.96 | 10.97 | 340.50 240.90 76.93 31.05 471
PdZnaly 715 9.88 | 1.20 | 9.99 | 326.00 217.98 61.08 36.80 4.08
PdaZnblo 72.0 9.91 | 1.13 | 10.82 | 324.00 221.45 66.23 35.09 4.78
PaZncly 74.0 10.08 | 1.05 | 10.95 | 321.50 238.78 70.25 32.55 4.87
Mean 56.9 8.41 | 0.92 | 10.33 | 32247 233.98 69.73 38.83 3.70
CD 0.05 NS 0.12 | 0.03 | 0.18 11.62 2.14 2.07 0.71 0.12

Below ground portion

Among below ground portion, maximum root length (14.5
cm) was observed in PsZnclp (T24) but the results were not
significant as given in Table 3. Similar results were also

obtained by Bhardwaj et al. (2020) ™ 51 who reported that
length of root increased due to application of inoculation of
capsicum plant with AM fungi. The maximum total N content
in root was observed (3.90%)

Table 3: Response of distinct levels of Phosphorus, Zinc and Mycorrhizae on below ground portion (roots):

I o o o Fe Mn Zn Cu Total uptake
Treatments combinations Root length (cm) [N (%) |P (%0) | K (%) (mg ka?) | (mg kg™ | (mg ka?) | (mg kgd) | (g plant?)
PaZnala 8.5 3.17 | 0.23 | 2.33 | 125.60 120.60 29.57 20.25 0.53
PaZnola 8.8 354 | 0.27 | 2.35 | 116.00 120.75 29.56 19.25 0.62
PaZncla 9.2 373 1 031 | 241 | 11230 122.45 29.97 13.70 0.66
PbZnala 8.8 3.18 | 0.27 | 2.31 117.35 119.85 31.42 12.42 0.68
PbZnola 9.5 3.65 | 0.28 | 2.32 115.80 119.70 31.76 11.70 0.73
PvZncla 10.0 3.89 | 0.38 | 240 | 109.75 122.00 33.76 12.80 0.81
PcZnala 9.2 324 | 0.34 | 2.25 112.00 118.60 32.02 10.25 0.75
PcZnbla 9.8 3.67 | 0.36 | 2.29 | 109.55 120.50 37.77 10.02 0.83
PcZncla 10.6 3.90 | 0.39 | 2.37 | 109.35 121.35 39.97 9.95 0.89
PdZnala 9.8 3.61 | 0.36 | 2.20 | 108.20 117.05 39.47 10.06 0.80
PdaZnpla 10.5 3.67 | 0.39 | 2.24 105.75 118.44 40.52 9.96 0.89
PdaZncla 111 3.92 | 041 | 2.28 104.40 120.85 40.97 9.90 0.95
PaZnalp 105 3.81 | 0.30 | 2.74 133.40 129.20 31.72 29.00 0.71
PaZnbls 12.0 3.75 |1 0.33 | 3.30 | 132.00 130.20 32.02 18.40 0.82
PaZnclp 133 3.76 | 038 | 3.37 | 127.10 133.00 40.42 16.20 0.89
PbZnalp 111 381 | 0.31 | 2.67 125.60 128.35 37.77 16.85 0.76
PbZnplp 12.7 381 | 0.36 | 3.16 122.10 128.50 39.81 16.40 0.84
PvZncly 135 3.82 | 039 | 3.21 | 120.50 132.90 41.16 15.60 0.99
PcZnalp 114 381 | 035 | 246 | 115.30 124.00 39.65 14.30 0.78
PcZnbls 134 3.85 | 0.39 | 2.93 | 115.00 128.50 41.62 11.30 0.86
PcZnclp 135 385 | 041 | 3.17 112.05 131.00 42.31 10.25 1.01
PdZnalp 11.9 384 | 0.36 | 2.36 112.15 122.80 41.17 11.60 0.80
PdZnplb 14.4 3.89 | 042 | 2.68 | 109.50 128.00 42.16 10.75 0.88
PdaZncly 145 3.90 | 052 | 3.07 | 108.00 130.80 42.91 10.35 1.23
Mean 11.2 3.71 | 0.35 | 2.62 115.78 124.56 37.06 13.80 0.82
CD o005 NS 0.08 | 0.02 | 0.04 1.53 1.13 1.52 0.39 0.08

was observed in PgZncly (T24) and lowest total N content in
root (3.17%) was observed in PoZnolo (T1). Kim et al. (2010)
141 also reported that with application of Arbuscular
Mycorrhiza, total Nitrogen content in root was increased. The
maximum total P content (0.52%) in three factor interaction
was observed in PgZncl, (T24) and lowest total P content
(0.23%) was observed in PaZnala (T1). The similar findings
were also reported by Kim et al. (2010) 4, who showed that
total phosphorus content in plants was increased by 23% by
application of Arbuscular Mycorrhizae. Total K content of
3.37% was observed in PaZncly (T1s) and lowest total K
content (2.20%) was observed in PgZnala (T10). Arbuscular
mycorrhizae increased total potassium content in soil also
observed by Maksoud et al. (1994) 6], Among micronutrient
content in roots, the maximum total Fe content (133.40 mg

kg') and total Cu content (29.00 mg kg?) in roots was
observed in P.Znaly (T13) and lowest total Fe content (104.40
mg kg?) and lowest total Cu content (9.90 mg kg?) was
observed in PgZncla (T12). These results fall in line with the
reports of Halder and Mandal (1981) [?. A significantly
higher total Mn content (133.00 mg kg™?) was observed in
PaZncly (T1s) in and lowest total Mn content (117.05 mg kg™)
was observed in PgZnala (T10). Decrease in the concentration
of manganese in roots with increasing P and Zn application
was also reported by Halder and Mandal (1981) 2. The three
way interaction as given in Table 3 revealed that maximum
total Zn content (42.91 mg kg) was observed in PgaZnclp (T2s)
and lowest total Zn content (29.57 mg kg™) was observed in
PaZnala (T41). Similar results were also observed by Olsen et
al. (1972) 22 with increase in P application, Zinc content in
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roots may accumulate. The higher total nutrient uptake by
roots (1.23 g plant) was observed in PgZncly (T24) and lowest
(0.53 g plant?) was observed in PaZn,la (T1). Similar results
were also obtained by Marscher and Dell (1994). They
reported that with mycorrhizal inoculation, there is increase in
nutrient uptake

Soil parameters

As shown in Table 4, maximum OC (1.51%) was observed in
PcZnolp (T20) which is statistically at par with PcZnclp (T21). On
the other hand minimum OC (1.10%) was observed in soils of

http://www.phytojournal.com

PaZnala (T1). The interaction effect between P, Zn and
mycorrhizae revealed that there is increase in organic carbon
content in inoculated soil as compared to uninoculated soil.
Subramaniam et al. (2009) 71 also observed similar findings
in which they concluded that soil inoculated with AM fungi
had higher organic carbon than control. Among macronutrient
content in soil, maximum available Nitrogen content in soil
(214.77 mg kgt and maximum available potassium in soil
(128.31mg kg') were observed in PcZncly (T21) and minimum
available Nitrogen content in soil

Table 4: Response of distinct levels of Phosphorus, Zinc and Mycorrhizae on physico-chemical properties of soil:

Treatments combinations | Organic Carbon (%) [N (mg/kg) [P (mg/kg) | K (mg/kg) | Fe (mg/kg) | Mn (mg/kg) | Zn (mg/kg) | Cu (mg/Kg)
PaZnala 1.10 145.50 38.01 98.70 4.90 1.31 2.25 0.57
PaZnpla 1.11 148.60 39.25 105.00 4.93 1.32 2.37 0.75
PaZncla 1.11 151.17 40.50 107.50 4.97 1.39 2.50 0.83
PbZnala 1.12 153.50 39.00 101.00 4.95 1.40 2.73 0.72
PbZnpla 1.15 157.00 39.50 103.50 4.95 1.46 2.78 0.82
PbZncla 1.19 162.50 43.79 103.50 5.01 1.56 2.97 0.84
PcZnala 1.25 198.43 40.70 118.00 5.26 1.88 3.45 0.97
PcZnpla 1.28 199.03 41.35 123.00 5.30 1.90 3.53 0.98
PcZncla 1.30 201.00 43.95 125.50 5.40 191 3.55 0.98
PdaZnala 1.17 166.00 44.10 102.86 5.18 1.65 2.96 0.80
PdaZnpla 1.19 171.50 45.80 111.41 5.18 1.76 2.98 0.86
PaZncla 1.19 175.00 45.00 117.00 5.22 1.85 3.40 0.88
PaZnalb 1.17 158.50 39.91 114.25 5.32 1.94 2.33 0.63
PaZnblp 1.24 161.77 40.40 115.00 5.33 1.95 2.71 0.73
PaZnclo 1.26 174.00 40.55 116.50 5.53 1.96 2.85 0.83
PbZnalp 1.26 172.97 40.98 118.00 5.32 1.99 2.33 0.64
PbZnblb 1.30 177.13 44.90 120.00 5.37 1.99 2.95 0.79
PvZncly 1.37 188.50 44.89 120.00 5.38 2.00 3.15 0.85
PcZnalb 1.48 201.67 44.35 126.50 5.48 2.15 3.21 0.86
PcZnblp 1.51 201.90 44.50 127.00 5.71 2.16 3.25 1.04
PcZnclp 1.51 214.77 44.50 128.31 5.73 2.25 411 1.27
PdaZnalp 1.39 177.73 45.30 121.50 5.36 211 3.19 0.82
PaZnblp 1.40 197.00 45.70 123.00 5.58 2.11 3.21 1.04
PaZnclp 1.44 198.57 46.40 125.00 5.62 2.12 3.28 1.07
Mean 1.27 177.24 42.64 115.50 5.29 1.84 3.00 0.86
CD o0.05 0.03 4.89 1.80 2.84 0.04 0.03 0.19 0.07
(145.50 mg kg?) and minimum available potassium (98.07 References
mg kg?) were observed in PaZnal, (T41). Similar findings were 1. AOAC. Official methods of analysis. Association of
reported by Medina et al. (2004) 2501, Maximum available official analytical chemists, 13" edition, W. Horowitz
phosphorus content in soil (46.40 mg kg) was observed in (ed.). Benjamin Franklin Station, Washington, DC, 1980,
PaZncly (T22) and minimum available phosphorus content in 1018.
soil (38.01 mg kg?) was observed in PaZnal, (T1). Yusnizar 2. Benvindo RN, Prado RD, Nobrega JC, Flores RA.
and Rahmawati (2014) [B% also reported mycorrhizal Phosphorus fertilization on the nutrition and yield of
inoculation and Phosphorus increased available Phosphorus in cowpea grown in an arenosols. American-Eurasian
soil. Among micronutrient content in soil, maximum DTPA- Journal of Agriculture and Environment science. 2014;
Fe in soil (5.73 mg kg™), maximum DTPA-Mn in soil (2.25 14:434-439.
mg kg?) and DTPA-Cu in soils (1.27 mg kg™*) was observed 3. Bhardwaj G, Sharma U, Brar PS. A Review on
in PcZnelp (T21) and minimum DTPA-Fe (4.90 mg kg?), Interactive Effects of Phosphorous, Zinc and Mycorrhiza
DTPA-Mn (1.31 mg kg?) and DTPA- Cu (0.57 mg kg*) was in Soil and Plant. International Journal of Current
observed in PaZnala (T1). Also maximum DTPA-Zn in soil Microbiology and Applied Sciences. 2019; 8(04):2525-
(3.55 mg kg*) was observed in Pc.Zncl, whereas, minimum 2530.
DTPA-Zn (2.25 mg kg?) was observed in PaZn.l, The 4. Bhardwaj G, Sharma U, Brar PS, Kaushal R. Evaluation
micronutrient contents in soil showed a variable distribution of Different Levels of Phosphorus, Zinc and Arbuscular
pattern. Mycorrhizae on Growth and Soil Parameters in Bell
Pepper. International Journal of Current Microbiology
Acknowledgements and Applied Sciences. 2020; 9(03):2551-2559.
Authors are highly thankful to the department of soil science 5. Bhardwaj G, Sharma U, Brar PS, Kaushal R. Effect of

and water management, Dr Y S Parmar University of
Horticulture and Forestry, Nauni, Solan, Himachal Pradesh
for providing necessary facilities for carrying out the present
investigation.

Phosphorus, Zinc and Mycorrhizae application on growth
and nutrient uptake in capsicum under protected
conditions. International Journal of Chemical Studies.
2020; 8(2):1993-1998.

~ 1881~


http://www.phytojournal.com/

Journal of Pharmacognosy and Phytochemistry

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Buekert A, Haake C, Ruckwied M, Marschner H.
Phosphorus application affects the nutritional quality of
millet grain in the Sahel. Field Crops Research. 1998;
57:223-235.

Cwala Y, Laubscher CP, Ndakidemi PA, Meyer AH.
Mycorrhizal root colonization and the subsequent host
plant response of soil less grown tomato plants in the
presence and absence of the mycorrhizal stimulant.
African Journal of Microbiology Research. 2010; 4:414-
419.

Douds DD, Reider C, Nagahashi G. Inoculation with
mycorrhizal fungi increases the yield of green peppers in
a high phosphorus soil. Biology of Agriculture and
Horticulture. 2007; 21(1):91-102.

Dueck TA, Visser P, Ernest WHO, Schat H. Vesicular-
arbuscular mycorrhizae decrease zinc-toxicity grasses in
zinc polluted soil. Soil Biology and Biochemistry. 1986;
18:331-333.

Edwards JH, Kamprath EJ. Zinc accumulation by corn
seedlings are influenced by phosphorus, temperature and
light intensity. Agronomy Journal. 1974; 66:479-482.
Frey B, Schuepp H. Acquisition of nitrogen by external
hyphae of arbuscular mycorrhizal fungi associated with
Zea mays L. New Phytologist. 1993; 124:221-230.
Halder M, Mandal LN. Effect of phosphorus and zinc on
the growth and phosphorus, zinc, copper, iron and
manganese nutrition of rice. Plant and Soil. 1981;
59:415-425.

Jackson ML. Soil chemical analysis. Prentice Hall of
India Pvt. Ltd., New Delhi, 1973, 111-126.

Kim K, Yim W, Triwedi P, Madhaiyan M, Boruah HP,
Islam MR, Lee G, Sa T. Synergistic effects of inoculating
arbuscular mycorrhizal fungi Methylobacterium oryzae
strains on growth and nutrient uptake of red pepper
(Capsicum annuum L.). Plant and Soil. 2010; 327:429-
440.

Lindsay WH, Norvell WA. Development of DTPA soil
test for Zn, Fe, Mn and Cu. Soil Science Society of
American Journal. 1978; 42:420-428.

Maksoud MA, Haggag LF, Azzazy MA, Saad RN. Effect
of VAM inoculation and phosphorus application on
growth and nutrient content (P and K) of Tamarindus
indica L. Seedlings. Ann. Afric. Sci. Caito. 1994; 39:355-
363.

Maldonado SH, Torres |, Pachecoy M, Gonzalez C.
Genetic variability and processing effect on nutritional
factor of Jalapeno pepper. Proceedings of the 16th
International Pepper Conference. Tampico, Mexico,
2002, 10-12.

Maria S, Zapata P, Castillo S, Guillen F, Martinez RD.
Antioxidant and nutritive constituents during sweet
pepper development and ripening are enhanced by
nitrophenolate treatments. J Food Chem. 2010; 118:497-
503.

Marschner H, Dell B. Nutrient uptake in mycorrhizal
symbiosis. Plant and soil. 1994; 159:89-102.

Medina A, Vassileva M, Cararaca F, Roldon A and
Azcon A. Improvement of soil characteristics and growth
of Dorycnium pentaphyllum by amendment with
agrowastes and inoculation with AM fungi and/or the
yeast Yarowia lipolytica. Chemosphere. 2004; 56:449-
456.

Merwin HD, Peech M. Exchange ability of soil
potassium in the sand, silt and clay fractions as
influenced by the nature and complementary

22.

23.

24,

25.

26.

27.

28.

29.

30.

~ 1882~

http://www.phytojournal.com

exchangeable cations.  Soil  Science  American
Proceedings. 1951; 15:125-128.

Olsen SR, Cole CV, Watanable FS, Olsen SR.
Micronutrient  Interactions. In:  Micronutrients in
Agriculture. JM Mortved, PM Goirdano and WL Lindsay
(eds.). SSSA, Madison, WI, 1972, 243-264.

Ortas I, Sari N, Akpinar C, Yetisir H. Screening
mycorrhizae species for plant growth, P and Zn uptake in
pepper seedling grown under greenhouse conditions.
Scientia Horticulturae. 2011; 128:92-98.

Safir GR, Nelson CE. VA mycorrhizas: Plant and fungal
water relations. Proceedings of the 6™ North American
conference on Mycorrhizae, 1984, 24-29.

Sreenivasa MN, Krishnaraj PU, Gangadhara GA,
Manjunathaiah HM. Response of chilli to the inoculation
of an efficient VA mycorrhizal fungus. Scientia
Horticulture. 1993; 53:45-52.

Subbiah BV, Asija GL. Rapid procedure for the
estimation of the available nitrogen in soils. Current
Science. 1956; 25:259-260.

Subramaniam Kizhaeral S, Virgine T, Kaliyaperumal J,
Ramachandran V. Biochemical changes and zinc
fractions in arbuscular mycorrhizal fungus (Glomus
intraradices) inoculated and uninoculated soils under
differential zinc fertilization; Applied Soil Ecology.
2009; 43:32-39.

Sweatt MR, Davies ET. Mycorrhizae, water relations,
growth and nutrient uptake of geranium grown under
moderately high phosphorus regimes. Journal of the
American Society for Horticultural Science. 1984,
109:210-213.

Walkley A, Black TA. An estimation of soil organic
matter and proposed modification of the chromic acid
titration method. Soil Science. 1934; 37:29-38.

Yusnizar J, Rahmawati M. Adoption and inovation of
technology for farmers and women group at Blang
Krueng village through mycorrhiza propagation
techniques to increase production of chili pepper. Report
of Lpkm Unsyiah, Banda Aceh, 2014.


http://www.phytojournal.com/

