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The present investigation was carried out at Palampur, India, during 2009–11 to
enhance plant water relations and productivity in pea through arbuscular mycorrhizal
fungi (AMF) in a Himalayan acidic Alfisol. The field experiment was replicated three
times in a randomized block design comprising 14 treatments involving AMF, inorganic
phosphorus (P), irrigation regimes, generalized recommended nitrogen, phosphorus,
and potassium (NPK) dose and irrigations, and farmers’ practice in the region. The
study revealed that treatments involving AMF inoculation along with inorganic P nutri-
tion at varying irrigation regimes led to significantly greater relative leaf water content
(2%), xylem water potential (12%), and water-use efficiency (10%), respectively, in
comparison with non-AMF inoculated counterparts. Similarly, maximum increase in
quality parameters such as total soluble solids (6%), ascorbic acid (6%), and crude
protein content (3%) in pea was registered under AMF inoculation involving treat-
ments. Further, AMF-inoculated treatments indicated an economy of about 25% in
soil-test-based P dose without impairing crop productivity.

Keywords Acidic Alfisol, arbuscular mycorrhizal fungi, relative leaf water content,
water-use efficiency, xylem water potential

Received 15 January 2014; accepted 6 May 2014.
Address correspondence to V. K. Suri, Department of Soil Science, CSK Himachal Pradesh

Agricultural University, Palampur, India. E-mail: surivk13jan@gmail.com

80

D
ow

nl
oa

de
d 

by
 [

In
di

an
 A

gr
ic

ul
tu

ra
l R

es
ea

rc
h 

In
st

itu
te

 ]
 a

t 2
2:

53
 2

3 
D

ec
em

be
r 

20
14

 

mailto:surivk13jan@gmail.com


Pea Water Relations and Quality Using AM Fungi 81

Introduction

Garden pea (Pisum sativum L.) is an important vegetable crop in wet, temperate north-
western (NW) Himalayas because of the well-suited agroclimatic conditions, and it fetches
premium prices for hill farmers (Anonymous 2012). Garden pea is very palatable, nutri-
tious, and amenable to preservation and consumption in the off-season. However, most
soils in NW Himalayas are acidic (Suri et al. 2011a). Phosphorus (P) availability to plants
is a major constraint in acidic soils with average efficiency of merely 10–20% (Pattanayak,
Sureshkumar, and Tarafdar 2009). In acidic Alfisols, soluble iron (Fe), aluminium (Al),
and manganese (Mn) are usually present in greater concentrations (Sharma, Verma, and
Bhumbla 1980), and P reacts with these ions and produces insoluble phosphatic com-
pounds, rendering P unavailable to plants. With fixation of P by hydrous oxides of Fe and
Al or by adsorption, P availability is decreased (Sharma, Verma, and Bhumbla 1980; Das
2011; Suri et al. 2011a). The soils of this region have low water retention due to silty–clay
loam texture, causing less availability of water to plants (Suri and Choudhary 2012). Erratic
and ill-distributed rainfall pattern and poor irrigation infrastructure in NW Himalayas are
other constraints for vegetable production especially in Rabi season (dry season) in the
region (Paul et al. 2011).

In this scenario, adoption of mycorrhizal fungi in crop production, which is an inex-
pensive and ecofriendly input, is capable of enhancing both P availability and water-use
efficiency of crops (Harrier and Watson 2003). Being fungi, arbuscular mycorrhizal fungi
(AMF) are well suited to acidic soils. Arbuscular mycorrhizal fungi symbiosis refers to a
mutualistic, symbiotic relationship formed between fungi and living roots of higher plants
(Harley and Smith 1983; Sieverding 1991). Mycorrhizal fungi carry out their functions by
expanding the surface area of the plant root system 10- to 1000-fold into the soil through
their ramifying hyphae, thereby increasing their exploratory area for harnessing P and
water (Harrier and Watson 2003). Arbuscular mycorrhizal fungi also release organic acids
(oxalic, mallic acids, etc.), which solubilize insoluble phosphates and other insoluble nutri-
ents and make them available for plant use (Zou, Binkley, and Caldwell 1995; Nahas 1996).
By secreting many enzymes (chitinase, peroxidase, cellulase, protease, phosphatase, etc.),
AMF convert complex organic compounds into simple ones absorbed and used by fungi or
host plants to meet their energy needs for growth and reproduction (Chen, Condron, and
Xu 2007). Besides P, AMF also supply other plant nutrients such as nitrogen (N), potas-
sium (K), calcium (Ca), copper (Cu), and zinc (Zn) to the plants, which are absorbed from
soil (Barea and Jeffries 1995), leading to increased input economy (Suri et al. 2011b) as
well as greater crop yields with better quality (George et al. 1992). Mycorrhizal hyphae
penetrate the soil pores that are inaccessible to root hairs, thereby absorbing water that is
unavailable to nonmycorrhizal plants (Auge 2001). Arbuscular mycorrhizal fungi develop
an extensive extraradical hyphal network that grows away from the root, through the rhizo-
sphere into the surrounding bulk soil matrix (Harrier and Watson 2003; Suri et al. 2011a).
The network makes a significant contribution in improvement of soil structure and water
relations (Tisdall and Oades 1982; Miller and Jastrow 1990; Tisdall 1991).

Currently, information on the role of AMF as seen through P and irrigation manage-
ment in pea crop is lacking in general and Himalayan acidic Alfisol in particular, and
needs to be generated urgently. Thus, the present investigation was conducted to quantify
changes in crop productivity and enhancing water-use efficiency in pea, so that necessary
recommendations could be made to the farmers in NW Himalayas.

D
ow

nl
oa

de
d 

by
 [

In
di

an
 A

gr
ic

ul
tu

ra
l R

es
ea

rc
h 

In
st

itu
te

 ]
 a

t 2
2:

53
 2

3 
D

ec
em

be
r 

20
14

 



82 A. Yadav et al.

Materials and Methods

Study Area

Field studies were conducted on brinjal (Solanum melongena L.)–pea (Pisum sativum)
cropping system during 2009–11 at Experimental Farm, CSK Himachal Pradesh
Agricultural University, Palampur, India (32◦ 6′ N latitude and 76◦ 3′ E longitude, 1250 m
above mean sea level). This article presents the results obtained on pea during the second
year of the brinjal (Solanum melongena L.)–pea (Pisum sativum) cropping cycle. The cli-
mate of the experimental area is characterized as wet temperate with mild summers (March
to June) and cold winters (December to March). The rainfall received during Rabi (dry sea-
son) 2010–11 was 362 mm. The initial properties of experimental soil were silty–clay loam
texture with sand 28.9%, silt 47.2%, and clay 23.1%, pH 5.3, organic carbon 7.4 g kg−1;
and available nitrogen (N) 264 kg ha−1, phosphorus pentoxide (P2O5) 43 kg ha−1, and
dipotassium oxide (K2O) 134 kg ha−1. The soil texture was determined by the interna-
tional pipette method (Piper 1950), while soil reaction (1:2.5 soil/water suspension using
glass electrode pH meter, Jackson 1967), organic carbon (rapid titration method, Walkley
and Black 1934), available N (alkaline permanganate method, Subbiah and Asija 1956),
available P [0.5 M sodium bicarbonate (NaHCO3) extraction method at pH = 8.5, Olsen
et al. 1954], and available K (neutral normal ammonium acetate extraction method, Black
1965) were estimated using standard procedures.

Experimental Details

The field experiment was replicated three times in a randomized block design compris-
ing 14 treatments with 12 treatment combinations of two arbuscular mycorrhizal fungi
(AMF) levels [0 and 12 kg ha−1], three P levels [50, 75, and 100% of recommended
soil-test-based P dose], and two irrigation regimes [IW/CPE0.6 and IW/CPE1.0] besides
one treatment with “generalized recommended NPK dose with generalized recommended
irrigations (GRD)” and one treatment based on farmers’ practice of plant nutrition and irri-
gation management in the NW Himalayan region were imposed (Table 1). Nitrogen (N),
P, and potassium (K) were supplied through urea (46% N), single superphosphate (16%
P2O5), and muriate of potash (60% K2O), respectively. The farmyard manure (FYM) and
NPK fertilizers were applied as per treatment levels in different plots (Table 1). A nominal
amount of FYM (1/4 recommended dose) was incorporated in all plots, except those hav-
ing the generalized recommended dose (T1). The recommended NPK dose for garden pea
was applied at 50:60:60 kg ha−1.

AMF Inoculation

The AMF used in the present experimentation belonged to Glomus mosseae (Source:
Indian Agricultural Research Institute, New Delhi, India). Arbuscular mycorrhizal fungi
spore count in this culture was 28–30 per 10 g culture as determined by the method sug-
gested by Gaur and Adholeya (1994). The actual inoculation of pea seeds with AMF culture
was performed by preparing a soil slurry of this culture and dipping the seeds into it for
half an hour, followed by shade drying, making seed pallets, and sowing in the field (Suri
et al. 2011a).
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Pea Water Relations and Quality Using AM Fungi 83

Table 1
Details of experimental treatments evaluated in garden pea in the current study

Treatment Treatment details Treatment code

T1 No AMF + 100% NPK + irrigations as per
need and soil moisture content
(generalized nutrient recommended dose
and generalized irrigations)

V0NPK 100% +
FYM12.8t IAR (GRD)

T2 No AMF + N25%P0K0 + irrigations now
and then depending on water availability
(farmers’ practice)

V0N25%P0K0FYM3tIWA

(FP)

T3 No AMF + 30 kg P2O5 ha−1 + irrigation at
IW/CPE∗

0.6

V0P50% IW/CPE0.6

T4 No AMF + 45 kg P2O5 ha−1 + irrigation at
IW/CPE0.6

V0P75% IW/CPE0.6

T5 No AMF + 60 kg P2O5 ha−1 + irrigation at
IW/CPE0.6

V0P100% IW/CPE0.6

T6 12 kg AMF ha −1 + 30 kg P2O5 ha−1 +
irrigation at IW/CPE0.6

V12P50% IW/CPE0.6

T7 12 kg AMF ha −1 + 45 kg P2O5 ha−1 +
irrigation at IW/CPE0.6

V12P75% IW/CPE0.6

T8 12 kg AMF ha −1 + 60 kg P2O5 ha−1 +
irrigation at IW/CPE0.6

V12P100% IW/CPE0.6

T9 No AMF + 30 kg P2O5 ha−1 + irrigation at
IW/CPE1.0

V0P50% IW/CPE1.0

T10 No AMF + 45 kg P2O5 ha−1 + irrigation at
IW/CPE1.0

V0P75% IW/CPE1.0

T11 No AMF + 60 kg P2O5 ha−1 + irrigation at
IW/CPE1.0

V0P100% IW/CPE1.0

T12 12 kg AMF ha −1 + 30 kg P2O5 ha−1 +
irrigation at IW/CPE1.0

V12P50% IW/CPE1.0

T13 12 kg AMF ha −1 + 45 kg P2O5 ha−1 +
irrigation at IW/CPE1.0

V12P75% IW/CPE1.0

T14 12 kg AMF ha −1 + 60 kg P2O5 ha−1 +
irrigation at IW/CPE1.0

V12P100% IW/CPE1.0

Notes. IW, irrigation water (mm); CPE, cumulative pan evaporation (mm); AR, as per requirement;
WA, as per water availability. FYM application at 3 t ha−1 on dry weight basis, i.e., 5 t ha−1 on fresh-
weight basis was applied in 13 treatments (T2–T14), whereas in T1 FYM was applied at 12.8 t ha−1

on a dry-weight basis or 20 t ha−1 on a fresh-weight basis. Recommended NPK dose for pea is
50:60:60 kg ha−1. Rabi season starts in October and ends in April.

Irrigation Scheduling

For irrigation scheduling, a climatological approach was adopted that involved atmospheric
evaporative demand for the given soil, crop, and climatic conditions that can be estimated
by working out the ratio between irrigation water applied (mm) to cumulative pan evapo-
ration (CPE) (mm). The present experiment involved two IW/CPE ratios of 1.0 and 0.6.
An irrigation 5 cm deep was applied in respective plots by the pipe irrigation method
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84 A. Yadav et al.

when this ratio (IW/CPE) reached the predetermined levels. For this purpose, the evapo-
ration data were collected regularly from the meteorological observatory of the university
situated near to the experimental plots.

Plant Water Studies

Relative Leaf Water Content. Relative leaf water content (RLWC) indicates the moisture
status of plants. For determining RLWC, five leaves were sampled from different plants in
each plot, brought to laboratory in tightly closed polythene begs, and then fresh weights
were recorded, followed by chopping the leaves into 0.5-cm pieces and saturation overnight
in Petri plates. The saturated leaves were taken out the next day and nominally dried
between the folds of a filter paper, followed by recording of their turgid weights. The
leaves were then transferred to an oven for 72 h, after which their weight was taken. The
RLWC was computed from the fresh weight, turgid weight, and oven-dry weight according
to the method given by Weatherly (1950) as

RLWC (%) = Fresh weight − oven dry weight

Fully turgid weight − oven dry weight
× 100

Xylem Water Potential. Xylem water potential (XWP) indicates energy status of plant
water. Xylem water potential was determined in the field on standing pea crop using
pressure bomb apparatus at 120 DAS (Waring and Cleary 1967). From each plot, a fully
exposed leaf from middle of the plant along the petiole was selected. The leaf was then
subjected to gradual pressure until the sap oozed out from the leaf petiole. The pressure
at the point of oozing of sap was recorded. The observations were taken at 0700 hours
(morning) and 1400 hours (afternoon). It is expressed as Kpa.

Water-Use Efficiency. The water-use efficiency (WUE) was computed by using following
formula:

WUE
(
kg ha−1mm−1

) = Yield
(
kg ha−1

)

Total amount of water used (ha mm)

Total water used was calculated by taking into consideration the total number of irrigations,
depth of water applied, and effective rainfall received during crop duration.

Quality Indices

Total Soluble Solids (TSS). The total soluble solids (TSS) were determined using Zeiss
Pocket refractrometer, 0 to 32.0 brix, by putting a drop of extracted juice of fresh pea seeds
on the prism and recording the reading. Temperature corrections were duly applied when
the readings were made at a temperature other than 20 ◦C (AOAC 1975).

Crude Protein Content. Crude protein in pea pods from different treatments was deter-
mined by estimating their total N content (Jackson 1967). Total N values thus obtained
were multiplied with a factor of 6.25 to obtain crude protein content.
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Pea Water Relations and Quality Using AM Fungi 85

Ascorbic Acid Content. Ascorbic acid (vitamin C) content in fresh seeds of pea was esti-
mated by 2-6-dichlorophenol indophenol visual titration method (Ranganna 1976) outlined
as follows:

Vitamin C
(
mg 100 g−1

)

= Titre × Dye factor × volume made up

Aliquot of extract taken for titration × weight of sample taken for estimation
× 100

where Titre is the volume of dye used to titrate the aliquot of extract of a given sample.

Statistical Analysis

All the data obtained on various soil and plant parameters on pea crop were statistically
analyzed using the F-test as per the procedure given by Gomez and Gomez (1984). Least
significance difference (LSD) values at P = 0.05 were used to determine the significant
differences between treatment means.

Results and Discussion

Plant Water Relations

Relative Leaf Water Content (RLWC). This parameter was estimated as an indicator of
plant moisture level at two important stages of crop growth at 60 and 120 days after sow-
ing (DAS) (Table 2). At 60 DAS, during morning hours (0700 h), the greatest magnitude of
RLWC (1.5%) was registered under V12P100% IW/CPE1.0 treatment as compared to 100%
NPK + 12.8 t FYM ha−1 (GRD). Similarly, treatments V12P75% IW/CPE0.6 and V12P75%

IW/CPE1.0 exhibited significant respective increases of 1.2 and 1.1% in these param-
eters over GRD. Further, AMF inoculation imbedded treatments V12P100%IW/CPE1.0,

V12P75%IW/CPE1.0, and V12P50%IW/CPE1.0 exhibited respective significant increases of
1.6, 1.4, and 1.2% over their non-AMF counterparts involving the same P and irrigation
regimes of V0P100%IW/CPE1.0, V0P75%IW/CPE1.0, and V0P50%IW/CPE1.0 (Table 2).

During afternoon hours (1400 h), magnitudes of increase in RLWC were 1.5, 1.4,
and 1.2%, respectively, under V12P100% IW/CPE1.0, V12P75% IW/CPE0.6, and V12P50%

IW/CPE0.6 treatments in comparison to GRD (Table 2). Further, AMF imbedded treat-
ments, V12P100%IW/CPE1.0, V12P75%IW/CPE1.0, and V12P50%IW/CPE1.0 exhibited sig-
nificant increases of 1.3, 1.4, and 1.4%, respectively, over their non-AMF counterparts,
V0P100%IW/CPE1.0, V0P75%IW/CPE1.0, and V0P50%IW/CPE1.0. There was adequate,
well-distributed rainfall during the cropping season. As such, irrespective of various AMF
and P levels, effects of two irrigation regimes (IW/CPE: 0.6 and 1.0) on various RLWC
were found to be nonsignificant. At 120 DAS, RLWC trend in pea was similar to that
observed at 60 DAS stage covering both morning and afternoon hours (Table 2).

The probable reason for high plant water status in AMF imbedded treatments may be
attributed to the fact that mycorrhizal plants maintain greater tissue water content, which
imparts a greater drought resistance to plants (Auge 2001). Overall, mycorrhizal plants in
afternoon (1400 h) maintained a moisture level near to morning hours (0700 h), indicat-
ing the ability of mycorrhizal plants to retain more moisture than nonmycorrhizal ones
at moisture stress, which helps to maintain plants’ vigor even on bright sunny days or
in drought conditions, implying resistance to drought in mycorrhizal plants in the case of
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Pea Water Relations and Quality Using AM Fungi 87

moisture stress due to improved plant water relations (Hamblin 1985; Tisdall 1991), as well
as improved growth of mycorrhizal plants (Auge 2001). Water-stressed plants have been
found to accumulate organic osmolytes such as sugars and amino acids (proline) that are
known to contribute to host plant tolerance under water-deficit conditions (Aziz, Boosalis,
and Furbank 2000).

The treatments imposed with irrigation either at IW/CPE: 0.6 and 1.0 at varying
P levels with or without AMF inoculation registered similar values in these parameters.

Crops did not suffer from moisture stress at important physiological stages, flowering and
fruit/pod formation. Total rainfall throughout the crop season was adequate and well dis-
tributed. Hence, effects due to irrigation regimes were nonsignificant. The farmers’ practice
was the trailing treatment with respect to the parameter. It is attributable to the fact that
farmers of wet temperate NW Himalayas apply only one-fourth the recommended N dose
and FYM (Paul et al. 2011). Moreover, use of phosphatic and potassic fertilizers is almost
negligible (Choudhary 2011; Suri et al. 2011a, 2011b). Besides these facts, very few farm-
ers use biofertilizers, which reflects a greater technology gap in this region (Paul et al.
2011).

Xylem Water Potential (XWP). Xylem water potential was estimated as an indicator of
plant moisture level. During morning hours (0700 h), the greatest XWP was registered
under V12P100%IW/CPE1.0 treatment followed by V12P75 IW/CPE1.0, V12P50 IW/CPE1.0,

V12P75 IW/CPE0.6, and V12P100 IW/CPE1.0, all of which gave a greater xylem water poten-
tial over treatment general recommended dose (GRD), 100% NPK + 12.8 t FYM ha−1

(Table 2). The probable reason for high plant water status in AMF imbedded treatments
may be attributed to the fact that mycorrhizal plants maintain greater tissue water content,
which imparts a greater drought resistance power to plants (Auge 2001).

During afternoon hours (1400 h), maximum XWP was registered under the treat-
ments V12P100%IW/CPE1.0 and V12P50% IW/CPE1.0, followed by V12P75%IW/CPE1.0 and
V12P75%IW/CPE0.6. All of these treatments registered greater XWP over GRD. However,
V12P100%IW/CPE1.0, V12P75%IW/CPE1.0, and V12P50%IW/CPE1.0 exhibited greater XWP
over V0P100%IW/CPE1.0, V0P75%IW/CPE1.0, and V0P50%IW/CPE1.0 both in morning and
afternoon hours. Lowest XWP was observed with V0N25%P0FYM3t (farmers’ practice).

Treatments imposed with irrigation at IW/CPE0.6 at different P and AMF levels
(V12P50% IW/CPE0.6, V12P75% IW/CPE0.6, and V12P100% IW/CPE0.6) exhibited similar
XWP values compared to plots irrigated at IW/CPE1.0 at different P and AMF levels
(V12P50%IW/CPE1.0, V12P75%IW/CPE1.0, and V12P100%IW/CPE1.0). It is evident that two
irrigation regimes did not influence XWP significantly (Table 2). Total rainfall throughout
the crop season was adequate and well distributed. Hence, effects due to irrigation regimes
were nonsignificant.

Water-Use Efficiency (WUE). The greatest WUE was registered in V12P100%IW/CPE0.6,
which exhibited a significant increase of 10% over GRD (Table 2). However,
differences among V12P75%IW/CPE0.6, V12P100%IW/CPE1.0, and GRD were non-
significant. Arbuscular mycorrhizal fungi imbedded treatments V12P100%IW/CPE1.0,
V12P75%IW/CPE1.0, and V12P50%IW/CPE1.0 were found nominally superior by 2, 4, and
2%, respectively, over non-AMF counterparts (V0P100%IW/CPE1.0, V0P75%IW/CPE1.0,

and V0P50%IW/CPE1.0), though they were statistically at par. A similar trend was followed
in treatment imposed with irrigation at IW/CPE0.6 at varying P levels and/or without AMF
inoculation. Plots irrigated at IW/CPE0.6 or IW/CPE1.0 at varying P and AMF levels did
not differ significantly with respect to WUE. As such, irrigation regime effects were not
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88 A. Yadav et al.

reflected in WUE. Farmers’ practice (V0N25%P0FYM3t) was the trailing treatment with
respect to WUE (Table 2).

Greater WUE in mycorrhizal plants might be due to ability of roots to absorb soil mois-
ture, thereby maintaining stomata in open condition (Hardie and Leyton 1981). Further,
high dry-matter production resulting from AMF use in crops might partially explain why
mycorrhizal plants exhibited greater WUE than nonmycorrhizal ones (Duan et al. 1996; Al-
Karaki and Al-Raddad 1997). Another reason for greater WUE in mycorrhizal plants may
be due to development of more roots as well as requirement of more water to sustain high
plant growth rate, which might have influenced greater water use by mycorrhizal plants
(Nagarathna et al. 2007). Further, mycorrhizal hyphe penetrate soil pores that are inacces-
sible to root hairs, and as such, they absorb water that is not available to nonmycorrhizal
plants (Farahani et al. 2008). Similar findings were also reported by Kothari, Marschner,
and George (1990) and Al-Karaki (1998) in maize and wheat crops. Thus, it is concluded
that AMF improved the plant water relations through drought resistance mechanisms in
pea crop under water-stressed situations.

Crop Productivity

The greatest garden pea pod yield was registered under joint application of
V12P100%IW/CPE1.0 followed by V12P100% IW/CPE0.6 and GRD, all of which
were statistically at par with one another, indicating a net saving of 25% in
applied fertilizer P (Table 3). However, V12P100%IW/CPE1.0, V12P75%IW/CPE1.0, and

Table 3
Effects of integrated use of AM fungi, inorganic phosphorus, and irrigation regimes on

productivity and quality parameters of garden pea

Treatment

Green
pod yield
(q ha−1)

TSS
(%)

Ascorbic acid
(mg per 100g)

Crude
protein

(%)

T1 V0100% NPK +
FYM12.8t IAR (GRD)

97.1 16.5 25.7 19.6

T2 V0N25%P0FYM3t IWA

(FP)
53.5 14.0 24.0 17.4

T3 V0P50% IW/CPE0.6 80.9 16.0 25.3 19.3
T4 V0P75% IW/CPE0.6 86.6 16.0 26.5 19.4
T5 V0P100% IW/CPE0.6 93.2 15.8 26.1 19.6
T6 V12P50% IW/CPE0.6 84.5 17.3 27.0 20.6
T7 V12P75% IW/CPE0.6 92.9 17.2 27.4 20.3
T8 V12P100% IW/CPE0.6 98.6 17.1 27.5 20.2
T9 V0P50% IW/CPE1.0 82.7 16.2 25.5 19.5
T10 V0P75% IW/CPE1.0 87.4 16.1 26.0 19.6
T11 V0P100% IW/CPE1.0 92.9 16.2 26.0 19.6
T12 V12P50% IW/CPE1.0 88.2 17.4 26.7 20.2
T13 V12P75% IW/CPE1.0 94.5 17.2 28.0 20.1
T14 V12P100% IW/CPE1.0 98.7 17.0 27.6 20.2

LSD (P = 0.05) 5.87 0.74 0.93 0.35
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Pea Water Relations and Quality Using AM Fungi 89

V12P50%IW/CPE1.0 exhibited significantly greater pod yield than non-AMF counterparts
of V0P100%IW/CPE1.0, V0P75%IW/CPE1.0, and V0P50% IW/CPE1.0 by 6.3, 8.1, and 7%,
respectively. A similar trend was followed under treatments irrigated at IW/CPE0.6 with or
without AMF inoculation. Lowest pod yield was registered in V0N25%P0FYM3 t (FP).

It is observed that AMF application along with varying P levels, on average, regis-
tered 7.1% greater pod yield compared to treatments supplied with varying P levels alone
(Table 3). However, treatments supplied with 100 and 75% soil-test-based P dose coupled
with AMF inoculation at two irrigation regimes, IW/CPE1.0 and IW/CPE0.6, exhibited
statistically at par values of pod yield, thereby saving about 25% applied fertilizer P.
Different treatments at the same levels of AMF and soil-test-based P dose at both irri-
gation regimes, IW/CPE0.6 and IW/CPE1.0, behaved statistically similar because of rains
at regular intervals. Further, treatments supplied with 100 and 75% soil-test-based P dose
alongwith AMF inoculation at two irrigation regimes, on average, increased the pod yield
by 11.3% over treatments supplied with 50% soil-test-based P dose alone at the same levels
of AMF and irrigation regimes (Table 3). Thus, it can be inferred that AMF can economize
soil-test-based fertilizer–P dose by about 25%.

The AMF application enhanced the pea yield attributes (pod length, pod girth, and
average pod weight), which consequently resulted in greater pod yield. Soluble Fe, Al,
and Mn are usually present in greater concentrations in acidic Alfisol (Sharma, Verma, and
Bhumbla 1980); thus, P reacts with these ions and produces insoluble phosphatic com-
pounds, rendering P unavailable to plants. So, AMF have the ability to utilize greater
amount of P as a result of efficient solubilization and mobilization by releasing various
enzymes and acids (Nahas 1996; Kumar 2010; Suri et al. 2011a; Suri and Choudhary
2012). Thus, AMF application enhanced the pea pod yield in a Himalayan acidic Alfisol.

Quality Indices

Total Soluble Solids (TSS). Total soluble solids are an important indicator of crop
quality estimated at pea pod filling stage. Maximum increase in TSS was registered
under V12P50%IW/CPE1.0 followed by V12P50%IW/CPE0.6 and V12P75%IW/CPE1.0 and
IW/CPE0.6, respectively; all of which were significantly superior over GRD by 5.4,
4.8, and 4.2%, respectively (Table 3). Moreover, significant respective increases of 4.9,
6.8, and 7.4% was registered under AMF imbedded treatments V12P100%IW/CPE1.0,

V12P75%IW/CPE1.0, and V12P50%IW/CPE1.0 compared to their non-AMF counterparts
at the same P and irrigation regimes (V0P100%IW/CPE1.0, V0P75%IW/CPE1.0, and
V0P50%IW/CPE1.0). Lowest TSS values were observed in treatment V0N25%P0FYM3t

(Table 3). Mycorrhizal plants ensure continuous supply of various nutrients (N, K, Ca, Cu,
Zn, etc.), which help in promoting assimilation of carbohydrates and in turn the synthesis of
ascorbic acid (Barea and Jeffries 1995). Further, fruits are often major sinks for P and about
65% of P absorbed by mature plants is transferred to the sink (Chakraborty, Maiti, and
Chattopadhyay 1990). Accordingly, mycorrhizal plants could possibly have translocated
considerable amounts of monocalcium phosphate to the fruits. Utkhede (2006) and Guru,
Panchaksharam, and Kurusangu (2011) also registered significantly greater ascorbic acid
and total soluble sugars in tomato following dual inoculation with AMF and Azospirillum.

Ascorbic Acid. V12P75%IW/CPE1.0 exhibited a maximum and significant increase of 9%
in ascorbic acid content compared to GRD (Table 3). Similarly, increase in ascorbic
acid was to the tune of 7 and 6.6% under V12P100%IW/CPE0.6 and V12P75%IW/CPE0.6,
respectively, compared to GRD. Moreover, significant respective increases of 6.1, 7.6,
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and 4.7% were registered in ascorbic acid content in AMF imbedded treatments, viz.
V12P100%IW/CPE1.0, V12P75%IW/CPE1.0, and V12P50%IW/CPE1.0, compared to non-AMF
counterparts, viz. V0P100%IW/CPE1.0, V0P75%IW/CPE1.0, and V0P50%IW/CPE1.0. Again,
the lowest ascorbic acid was recorded under treatment V0N25%P0FYM3t (Table 3).

Further, treatments imposed with irrigation at IW/CPE0.6 at varying levels of applied P
and AMF, V12P50%IW/CPE0.6, V12P75%IW/CPE0.6, and V12P100% IW/CPE0.6) registered
similar values of ascorbic acid in comparison to treatments supplied with same AMF and P
levels at varying irrigation regimes V12P50%IW/CPE1.0, V12P75%IW/CPE1.0, and V12P100%

IW/CPE1.0 (Table 3). Utkhede et al. (2006) and Guru, Panchaksharam, and Kurusangu
(2011) also registered significantly greater ascorbic acid in tomato following dual inocula-
tion with AMF and Azospirillum. As mycorrhizal plants ensure continuous supply of plant
nutrients that promote assimilation of carbohydrates and in turn ascorbic acid synthesis
(Barea and Jeffries 1995).

Crude Protein. The greatest crude protein in pea seeds was registered under
V12P50%IW/CPE0.6 over GRD (Table 3). Similarly, V12P50%IW/CPE1.0 and
V12P75%IW/CPE1.0 exhibited significant increases of 3.4 and 2.9%, respectively, in
crude protein over GRD. The increase in crude protein was 2.6, 2.5, and 3.8% under
V12P100%IW/CPE1.0, V12P75%IW/CPE1.0, and V12P50%IW/CPE1.0 treatments over
non-AMF counterparts at same P levels and irrigation regimes V0P100%IW/CPE1.0,

V0P75%IW/CPE1.0, and V0P50%IW/CPE1.0. The lowest crude protein was found in
V0N25%P0FYM3t (FP). The treatments imposed with irrigation either at IW/CPE0.6 or
IW/CPE1.0 at varying levels of AMF and P behaved statistically similarly. As such,
influence of irrigation regimes on crude protein was found to be nonsignificant (Table 3).

Because of high rainfall, acidic Alfisols are highly susceptible to N leaching. As such,
AMF is capable of mobilizing it from lower layers (Harrier and Watson 2003). As crude
protein depends upon N concentration in plants, thus, AMF and P application improved
plant N concentration, resulting in enhanced protein content in pea pods. Present results
are in conformity with the findings of Prasad and Prasad (1998), who have also reported a
considerable increase in crude protein in garden pea seeds with application of 90 kg P2O5

ha−1 under warn and humid conditions.

Conclusions

Integrated use of AMF and P nutrition in pea crop at varying irrigation regimes led to
significantly greater relative leaf water content (2%), xylem water potential (12%), and
water-use efficiency (10%), respectively, over non-AMF counterparts. Similarly, the great-
est increase in quality parameters in pea seeds such as total soluble solids (6%), ascorbic
acid (6%), and crude protein (3%) was registered under AMF imbedded treatments.
Further, application of “AMF + 75% soil-test-based P dose at either of two irrigation
regimes” remained statistically at par with “generalized recommended NPK dose” and
“AMF + 100% soil-test-based P dose” with respect to crop productivity, which indicates
a fertilizer economy by about 25% of soil-test-based P dose through AMF application.
Further, mycorrhizal plants are able to maintain greater tissue water content, imparting
greater drought resistance. Overall, AMF use in Himalayan production systems is of
paramount importance in enhancing quality of vegetables and field crops and equally a
low-cost farm input for resource-poor Himalayan farmers who ill afford expensive external
inputs.
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