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ABSTRACT

The inoculation of three VAM cuitures viz. local culture (Glomus mosseas), VAM culture from
IARI, New Delhi (Glomus mosseae) and a cuiture from The Energy Research Institute (TERI), New
Delhi (Glomus intraradices) alone or with increasing applied phosphorus levels from 25 to 75%
of recommended P,0, based on soll test crop response (STCR) precision model improved the
plant height, shoot and root dry matter accumulation, root length and root weight density as well
as yield attributes of rainfed maize in an acid alfisol of NW Himalayas. It was revealed that sole
application of any of 3 VAM fungl did not have pronounced effect on phenological stages though
combined application of VAM cultures with increasing P levels from 25 to 75% of recommended
P,05 reduced the days to various phenological stages. It was reported that sole application of
these 3 VAM cultures improved the maize grain yield by 17.10 to 25.36 % over control. Increase
in P levels from 25 to 75% of recommended P,05 besides VAM inoculation resuited in consistent
and slgﬁ!ylcant improvement in grain, stover and blological yleld of maize. 75% of recommended
P,0; alongwith VAM cultures achleved the goal of targeted yield (40 q ha™') of maize, thus, saving
the applied P to the tune of about 25% without impairing the soll fertility in the present study.
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Maize is one of the major cereal crops in north-western
Himalayas particularly we’t\ temperate region of Himachal
Pradesh having acidic alfisol (2, 15). The availability of
phosphorus in these acidic soils is very less due to fixation
of soluble P into insoluble soil phosphate complexes due
to high fixation power of these soils as a result of excessive
presence of Fe and Al ions (14). Under such conditions,
vesicular arbuscular mycorrhizae (VAM) can play a key
role in phosphorus mobilization and absorption (4). Most
of the hill farmers of Himachal Pradesh are poor and cant
afford the use of recommended doses of chemical fertilizers
particularly expensive phosphatic fertilizers. The P deficient
acidic soils of Himachal Pradesh are best suited to the
use of VAM fungi (15). Thus, VAM fungi can play an
important role in such low input intensive farming systems
of hill farmers which rely less on chemical fertilizers than

MATERIALS AND METHODS

Field studies were conducted on rainfed maize during
Kharif 2002 in a P deficient silty clay loam acid alfisol at
Experimental Farm of CSK HPKYV, Palampur (31°6’ N 76°3
E, 1291 m above mean sea level) in a randomized block
design (RBD) replicated thrice. Treatments were viz. ab-
solute control, farmers’ practice (N @ 30 kg ha™'), and
three VAM fungi cultures i.e., VAML (Local VAM culture -
Glomus mosseae, developed by CSK HPKV, Palampur),
VAMT (VAM culture-Glomus intraradices, developed by
Centre for Mycorrhizal Research, The Energy Research
Institute (TERI), New Delhi) and VAMI (VAM culture-Glomus
mosseae, developed by Indian Agricuitural Research In-
stitute (IARI), New Delhi) alone or with 25, 50 and 75% of
recommended P,Os dose to rainfed maize based on tar-

conventional farming. Maize is an important food crop of
the region, thus, it is imperative to generate information
on effect of VAM fungi and applied phosphorus on growth,
development and productivity of rainfed maize besides
nutrient -dynamics in acid alfisol of wet temperate NW

geted yield concept following soil test crop response (STCR)
precision model (9) as well as one treatment with sole
application of 100% of recommended P,Og5 dose based on
STCR precision model. 100% of recommended N and K
fertilizers were added in 25, 50, 75 and 100% of recom-
mended P,O5 supplied treatments based on STCR model.
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N, P and K were supplied through Urea (46% N), Single
Super Phosphate (16% P,0s) and Muriate of Potash (60%
K20), respectively. Whole of the P and K were supplied
basally at the time of sowing while N was supplied in 3
equal splits i.e. one part at the time of sowing, one part at
the time .of knee high stage and one part at the silking
stage. In case of farmers practice, 30 kg N ha™' was
supplied to the crop in 3 splits described above. The fettilizer
N, P,Os and K,O were applied on the basis of STCR model
(9) through following fertilizer adjustment equations:

FN=5.67 T-0.17 SN
FP,0s = 4.38 T - 5.26 SP
FK,0=2.29 T-0.10 SK

Where, FN, FP,0s and FK,Q are the fertilizer N,
P,Os and K,O in kg ha™', respectively. T is the targeted
yield of maize (40 q ha™'). SN, SP and SK are the soil
available N, P and K in kg ha™', respectively in their
elemental form.

Maize crop was sown on June 21, 2002 and harvested
on Oct. 14, 2002. The plot size was 9 m? and plant spacing
was 60 x 20 cm. Maize cv. Early Composite was grown
with recommended package of practices. Standard proce-
dures were used for chemical analysis of soil and plant
samples (5). Before sowing, the initial organic carbon
content in the soil were 14 g per kg soil. The soil pH was
5.6 while available N, P and K were 251, 15 and 250 kg
ha™!, respectively. Rainfall received during the crop season
was 898 mm.

Data on phenological stages was taken at 50% ex-
pression of each stage in the concerned treatments and
the plant height was also taken at these stages on marked
10 plants in each net plot. Shoot, root and total dry matter
production was also taken at flowering stage in maize
besides root length and root weight density from the sam-
pling row comprising of 2 sampled plants from each plot.
Statistical analysis was done by the standard procedures

(3).
VAM inoculation

Soil mixed VAM cultures having VAM spores and fungal
hyphae were used in the study. In all the 3 VAM cultures
viz. Local, TERI and IARI cultures, the spore count was
110, 500 and 400 per 250 g air dry soil, respectively. The
VAM cultures were used @ 12 kg ha™'. These VAM cultures
were used on spore equivalent basis taking TERI VAM

culture into consideration while using the VAM cuitures.
Local VAM culture was prepared by the investigating scien-
tists (authors) themselves by raising the target crop (maize)
till maturity in pots containing 7 kg sterilized soil + 2 kg
FYM and 1 kg mother culture. After harvest, rhizosphere
soil of pot as well as root biomass constituted the local
VAM culture. The actual inoculation of maize seeds with
abovecultures was performed by preparing soil slurry of
cultures and dipping the seeds into it for half hour followed
by shade drying for making seed pallets and then sowing
in the field.

RESULTS AND DISCUSSION

Growth and development

Data in Table 1 reveals that increase in phosphorus
levels from 25 to 75% of recommended P,Og5 dose based
on STCR model alongwith either of the 3 VAM cultures
resulted in reduction in days to knee high stage, tasseling,
silking as well as physiological maturity though the results
were not statistically so contracting. Similarly, all the 3
VAM cultures remained statistically at par in phenological
stage expression without or with inorganic P fertilization.
Plant height on the other hand was significantly improved
with the application of either of the 3 VAM cultures over
control and farmers’ practice at all the phenological stages
under study (Table 1), thereby, indicating the positive effect
of VA-mycorrhizae on growth and development of rainfed
maize (1, 6). Similarly, increase in P levels from 25 to 75
% alongwith either of 3 VAM cultures resulted in consistent
and significant improvement in maize plant height. It was
also observed that plant height of maize with the application
of 50 to 75% of recommended P,Os dose alongwith either

of 3 VAM cultures remained statistically at par with sole

application of 100% of recommended P,0g dose in maize

which again indicate that VAM fungi has positive bearing

on plant growth beside inorganic P fertilizer economization.

Similar results have also been reported by (6, 16).

Data presented in Table 2 on dry matter production
and root studies at silking stage reveal that shoot, root
and total dry matter, root length and root weight density
of rainfed maize was significantly higher with the use of
either of the 3 VAM cultures (12) without NPK fertilization
over control and quite comparable with farmers’ practice,
thus, indicating positive effect of mycorrhizal biofertilizer
on root and shoot growth parameters (1, 7). Increase in
phosphorus levels from 25 to 75% of recommended



14 ' Suri et al,

P05 does with either of the 3 VAM cultures were almost
comparable to sole use of 100% of recommended P,O5
dose particularly with use of TERI VAM culture which was
proved to be superiormost than other 2 VAM cultures with
or without P application; though"the differences among
the 3 VAM cultures were non-significant at each level of
P fertilization in the present ,éudy. These results reveal
that VAM fungi improved ;ﬁe plant growth in terms of
biomass production as well as root length and root weight
density (7, 12).

Yield Attributes and Yield

, Yield attributes in table 3 reveals that cob length,

number of grain rows per cob, grains per cob row, grains
per cob as well as 1000-grain weight in maize with either
of the 3 VAM cultures alone were higher over control and
farmers/E practice (N3). Either of the 3 VAM cultures with
increase in P levels from 25 to 75% of recommended
P,0O5 dose resulted in consistent improvement in these
yield attributing characters (16), though the differences
were not statistically contrasting with each incremental
increase in P levels alongwith mycorrhizal biofertilizers.
The application of 75% of recommended P05 in
combination with either of the 3 VAM cultures exhibited
statistically similar magnitude of yield attributes compared
to sole application of 100% of recommended P,Os dose.
The TERI VAM culture remained superior in yield attributes
over other 2 cultures though the differences were
non-significant among themselves alone or with each P
level (15, 16).

Grain, stover and biological yields of maize (Table 3)
followed the similar trend as that of yield attributing char-
acters. It was observed that the grain and stover yield as
well as biological yield of maize (Table 3) with the application
of either of the 3 VAM cultures was higher over control and
farmers’ practice. Data also revealed that sole use of either
of these 3 VAM cultures resulted in 17.10 to 25.36%
increase in grain yield of maize over control thereby sug-
gesting its positive bearing on yield expression (4, 12).
These 3 VAM cultures alongwith 25 to 75% of recommended
P205 dose resulted in consistent and significant improve-
ment in maize grain, stover and biological yields of maize.
These VAM cultures alongwith 75% P,0s level produced
statistically equal yields as produced by sole use of 100%
P,Os dose and TERI culture alongwith 75% P,05 dose
even outyielded the sole use of 100% P,0O5 dose in terms

A

of stover and biological yields. It is also reported that either
of these 3 VAM cultures alongwith 75% of recommended
P,Os on targeted yield concept basis achieved the goal of
target yield of 40 q ha™' thereby saving 25% phosphatic
fertilizers. Thus, it can be inferred that we can economize
the use of inorganic P fertilizers by 25% with application
of mycorrhizal biofertilizers without affecting our yield targets
(4, 15). The treatment effects on harvest index in the present
study were non-significant. Overall, it was observed that
use of mycorrhizal cultures resulted in significant improve-
ment in the yield attributes and yield of maize crop (4, 12).
These results are also supported by the findings of (6 and
13).

Nutrient Dynamics

Data presented on soil available NPK after harvest
of maize (Table 4) reveals that either of the 3 VAM cultures
i.e., VAML, VAMT and VAM, alone or in combination with
25 to 75% of recommended P,O5 dose based on targeted
yield concept (STCR) resulted in consistent and significant
improvement in soil available P and K. There was slight
increase in soil available N with the application of 25%
P,Os dose with VAM cultures over VAM cultures alone
but further increase in P fertilization resulted in decrease
in soil available N upto 75% P,Os dose though the
differences were non-significant. Similarly, P and K content
in soil were lower with either of the 3 VAM cultures alone
over control except soil N. On the other hand, available
N content in soil at 50 and 75% P,05 dose, and available
K content at 75% P,Os dose were at par with sole
application of 100% of recommended P,Os dose. These
results show that VA-mycorrhization resulted in increased
uptake of P and K from the soil at lower soil P levels
while at high P fertilization rates N and K content were
improved in the soil (4), thereby, suggesting that VAM
might have mobilized the non-available complex native N
and K pool thus improving the soil available N and K pool
which indicates that VAM have some role in nutrient
dynamics in soil plant system (8). These observations are
also supported by (10, 11). Results of the above experiment,
overall, suggest that VA-mycorrhizal fungi has positive
effect on growth, development, yield attributes and yield
of maize as well as soil fertility status. Besides, it is
possible to economize chemical fertilizer use to: the tune
of at least by 25 % by resorting to VAM inoculation in
rainfed maize vis-vis yield target of 40 q ha™'. It is notable
that above technology leads to improvement in the soil
fertility.
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