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ABSTARCT

A field experiment was conducted at the ICAR Research complex for NEH Region, Umiam, Meghalaya, during
the rainy (kharif) and winter (rabi) seasons of 2013, to assess the direct and residual effect of micronutrients and
liming on productivity, nutrient uptake and economics of groundnut (Arachis hypogaea L.)–toria [(Brassica rapa
subsp. dichotoma (Roxb.) Hanelt)] cropping system. The experiment was laid out in a factorial randomized block
design with 6 micronutrients (soil application) treatments, viz. control (no micronutrient), Zn @ 5 kg/ha, B @ 1 kg/
ha, Mo @ 0.5 kg/ha, Zn + Mo, Zn + B + Mo, and 2 levels of lime, viz. lime @ 500 kg/ha (application in furrow) and
no lime. Sole application of Mo produced significantly higher yield of groundnut (1.72 t/ha) compared to control
(1.32 t/ha) and was at par with Zn + Mo (1.78 t/ha) and Zn + B + Mo (1.8 t/ha). The maximum yield of succeeding
toria was recorded with the residual effect of Zn + B + Mo (0.53 t/ha) which remained at par with residual effect of
B (0.52 t/ha). Direct and residual effects of liming increased the yield of groundnut and of succeeding toria by
13.3% and 21.9%, respectively, over no liming. Integrated application of Zn + Mo and Zn +B + Mo recorded signifi-
cantly highest N, P and K uptake of groundnut, whereas, residual effect of combined application of Zn + B + Mo
recorded the highest N, P and K uptake of succeeding toria. Direct effect of Mo in groundnut and residual effect of
B in toria was more pronounced in enhancing productivity and nutrient uptake than other sole micro nutrient appli-
cation. Direct and residual effect of Zn +B + Mo resulted in the highest groundnut-equivalent yield (2.18 t/ha) and
net returns ( 52.8/ha) of the system which was at par with Zn + Mo (2.11 t/ha and 49.8/ha, respectively).
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Groundnut is a very important leguminous oilseed crop
with high nutritive value of its kernels, containing 43.6%
edible oil and 25.3% protein. It is cultivated on nearly 4.19
million ha area with 6.68 million tonnes production and
average productivity of 1.59 t/ha in India (DGR, 2015).
Application of micronutrients in deficient soils, either
through soil, foliar spray or seed treatment can increase
yield, nutritional value of produce and enhance nutrient-
use efficiency (Malakouti, 2009). Zinc (Zn), boron (B) and

molybdenum (Mo) are 3 most deficient micronutrients in
acidic soils of India, with their deficiency reported in 45,
46 and 31% of the agricultural soils respectively (Singh,
2007). Soil acidity is another major constraint in limiting
crop productivity in north-eastern region (NER) of India,
which is mainly due to the accompanying effects of Al and
Mn toxicity and nutrient deficiencies and their consequen-
tial detrimental effects on crop growth and yield. Toria
(Brassica sp.) is a potential crop for post-rainy season
which can be cultivated with residual soil moisture after
groundnut harvesting. Groundnut–rapeseed system is a
suitable legume–non-legume combination not only for
production of oilseeds but also for sustaining soil fertility.
Application of major nutrients (NPK) along with lime
continues to be a general recommendation for crop pro-
duction, acid soils with disproportionately lesser emphasis
on micronutrient fertilization. In this context, it is envis-
aged that application of micronutrients without concurrent
use of lime may not be adequate to improve growth and
productivity of micronutrient-sensitive crops, particularly
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oilseeds.
A field experiment was conducted at upgard Agronomy

field, ICAR Research complex for NEH Region, Umiam,
Meghalaya during the rainy (kharif) and winter (rabi) sea-
son of 2013. In the kharif season, groundnut (‘ICGH 76’)
was sown at a spacing of 30 cm × 10 cm with 30, 60 and
40 kg N, P

2
O

5
 and K

2
O/ha, respectively. The plot size was

4m × 3m (12/m2) with adequate drainage facility. The ex-
periment was laid out in a factorial randomized block de-
sign (FRBD) with 6 micronutrient treatments, viz. control
(no micronutrient), Zn @ 5 kg/ha, B @ 1 kg/ha, Mo @ 0.5
kg/ha, Zn + Mo, Zn + B + Mo  (all the micronutrients
were applied through soil), and 2 soil-amendment levels,
viz. lime @ 500 kg/ha (furrow application) and no lime.
The fertilizers used as a micronutrient sources were zinc
sulphate (22% Zn), borax (11% B) and ammonium molyb-
date (56% Mo). In succeeding rabi season in the same
plots, toria was sown at 30 cm row-to-row spacing with
50, 60 and 40 kg N, P

2
O

5
 and K

2
O/ha, respectively to

evaluate the residual effect of treatments applied to
groundnut on performance of toria. Groundnut was sown
on 1 June 2013 and harvested on 22 September 2013,
whereas toria sown on 5 October 2013 and harvested on
31 December 2013. All the recommended agronomic
practices such as weed management, pest and disease
management were followed for groundnut and succeeding
toria crops. For yield attributes, 5 plants were selected ran-
domly from each plot at maturity for both groundnut and
toria crop. Number of pods/plant, number of kernels/pod,
pod weight and kernel weight/plant were recorded for
groundnut. In toria, number of siliquae/plant, siliqua
length and seeds/siliqua were recorded. In groundnut, seed
index (100-seed weight) and in toria, test weight (1,000-
seed weight) were recorded. Pod/seed and straw/haulm
yield of crops were obtained following standard proce-
dure. Groundnut-equivalent yield (GEY) for toria was
obtained by multiplying seed yield of toria with its market
price ( 30/kg) and divided by the market price of ground-
nut kernel ( 40/kg). The GEY of toria was then added to
groundnut kernel yield to obtain GEY of the system.The
system productivity was obtained by adding the yield of
each crop in a cropping system divided by total duration of
cropping system (by adding duration of respective crops)
and expressed in kg/ha/day. Macro- (N, P and K) and mi-
cronutrients (Zn, B and Mo) uptake were estimated by
following standard procedures. For the sequences, the
value of the main products and by-products in monetary
terms was calculated separately based on prevailing mar-
ket price and was recorded on unit area basis. Net return
was worked out by subtracting the cost of cultivation from
the corresponding gross return. Benefit: cost ratio was
calculated by dividing gross return with cost of cultivation.

Data obtained from the study were statistically analyzed in
FRBD using the technique of analysis of variance. The
difference between the treatments means were tested as to
their statistical significance with appropriate critical differ-
ence (CD) value at 5% level of probability.

Results revealed that application of micronutrients sig-
nificantly improved all the yield attributes of groundnut.
Sole application of Mo recorded significantly higher num-
ber of kernels/pod, pod weight/plant and seed index than
the control (no micronutrients) and remained at par with
other treatments. Being acidic soil, application of lime sig-
nificantly improved all yield parameters of groundnut over
no-lime application (Table 1). The Mo supplement proved
significantly more beneficial in increasing kernel yield,
pod yield and harvest index of groundnut than the control
and remained at par with combined application of Zn +
Mo and Zn + B + Mo. Liming increased the kernel yield
by 16.2%, pod yield by 13.3% and harvest index by 7.6%
over no-lime application (Table 1). Micronutrients play an
important role in increasing legume yield through their
effect on the plant itself, nitrogen-fixing symbiotic process
and effective use of major and secondary nutrients. In
present study, an application of Mo increased the kernel
yield by 30.7%, pod yield by 15% and harvest index by,
5.8%, respectively over the control. This is perhaps owing
to better uptake and assimilation of available nutrients by
the plants during the entire growth period (Valenciano et
al., 2010). Lime helps to increase soil pH, which provides
favourable condition for nutrient availability to plants and
adequate supply of Ca for better pod development of
groundnut (Ranjit et al., 2007).

All yield attributes of toria significantly improved ow-
ing to residual effect of micronutrients applied to preced-
ing groundnut crop. Distinctly superior results were ob-
tained under residual effect of Zn + B + Mo which was
followed by residual effect of Zn + B and B. The control
gave the lowest number of siliquae/plant. Residual effect
of B resulted in the maximum siliqua length and seeds/
siliqua of toria which was followed by residual effect of
Zn, Zn + Mo and Zn + B + Mo. Residual effect of all the
micronutrient treatments recorded similar 1,000-seed
weight of toria which was significantly higher than the
control. Residual effect of lime gave significantly higher
number of siliqua/plant, siliqua length, seeds/siliqua and
test weight over no-lime application (Table 1). Residual
effect of B resulted in significantly higher seed yield, sto-
ver yield and harvest index of toria compared to the con-
trol and remained at par with residual effect of Zn + B +
Mo. Residual effect of lime significantly increased the
seed yield of toria by 23.1%, stover yield by 13.6%, and
harvest index by 3.4% over no liming (Table 1). The posi-
tive role of B in the synthesis of protein and amino acids
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might have increased the yield (Chitdeshwari and
Poongothai 2003). Residual effect of lime lasts for few
years after application and improves phosphorus availabil-
ity and increase yield (Rahman et al. 2002).

The GEY of groundnut–toria system was recorded sig-
nificantly higher owing to combined application of Zn + B
+ Mo over the control and remained at par with applica-
tion of Zn + Mo, which were superior to rest of the treat-
ments (Table 1). This was owing to favourable effect of
combined application of micronutrients which enhanced
the productivity of groundnut and succeeding toria
(Chaudhary et al., 2014).  System productivity was the
highest with combined application of Zn + B + Mo and
was superior to the remaining treatments. The lowest sys-
tem productivity was noted under the control. Considering
the system as a whole, application of Zn + B + Mo and Zn
+ Mo to groundnut and their residual effect on toria re-
sulted in significantly higher net return and benefit: cost
ratio compared with the control and other micronutrients.
Application of lime significantly increased GEY, system
productivity, net returns and benefit: cost ratio of ground-
nut-toria cropping system over no-lime application (Table
1), as liming improved the soil pH and improved the avail-
ability of micronutrients to crops.

Direct and residual effect of micronutrient and lime sig-
nificantly enhanced N, P and K uptake of groundnut and
toria over the control. The maximum N uptake was re-
corded in combined application of Zn + Mo, which was
followed by Zn + B + Mo. However, sole application of
Mo recorded significantly higher P uptake of groundnut
over the control and remained at par with combined appli-
cation of Zn + Mo and Zn + B + Mo. Application of lime
significantly influenced N, P and K uptake of groundnut
(Table 2). This may be attributed to the increase in haulm
and kernel yields owing to increased availability of micro-
nutrients. Patil and Ananthanarayana (1989) reported that
presence of lime accelerates the rate of nitrification which
is the reason for increased N content in groundnut that
ultimately increase N uptake. Increase in P uptake because
of liming may be due to the fact that it breaks the Al and
Fe phosphates in soil, thereby making P available to plant.
Further, improvement in available P status may be owing
to increase in mineralization of organic P as affected by
lime (Haynes, 1992).

The maximum N, P and K uptake by toria was recorded
because of residual effect of Zn + B + Mo, whereas the
control exhibited the lowest N, P and K uptake. Due to
residual effect of lime, N, P and K uptake by toria in-
creased significantly over no-liming. The increase in N, P
and K uptake of toria due to residual effect of Zn + B +
Mo were 50.2, 76 and 45.5% over the control, respectively
(Table 2). Residual effect of lime resulted in significantlyTa
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higher N, P and K contents in seed and shoots and also
increased their uptake in succeeding toria crop over no-
liming.

The Zn uptake of groundnut was significantly higher
with the application of Zn + B + Mo over the control and
was at par with treatment Zn + Mo and Zn (Table 2). The
maximum B and Mo uptake was recorded owing to com-
bined application of Zn + B + Mo, which was followed by
Zn+Mo and Mo. Application of lime significantly in-
creased the Zn, B and Mo uptake of groundnut than no-
lime application. The Maximum Zn, B and Mo uptake was
recorded because of residual effect of Zn + B + Mo,
whereas the control gave the lowest Zn, B and Mo uptake.
Residual effect of lime significantly improved micronutri-
ent uptake over no-lime application (Table 2). Influence of
micronutrients in succeeding crop might be owing to the
reason that micronutrients are required in very small
amount and some amount is left for next crop (Kumar and
Qureshi, 2012). Residual effect of lime significantly influ-
enced micronutrient content in seed and shoot and their
uptake by toria in acid soil.
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