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Estimation of crop losses and eco-friendly management of maize cyst

nematode
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Abstract: Maize cyst nematode (Heterodera zeae) is the
most important nematode pest of maize and reported to
cause significant lossesin Rajasthan due to monocropping,
favourable soil and environmental conditions. Therefore,
an experiment was carried out to estimate the avoidable
yield losses caused by H. zeae on maize with the application
of carbofuran at 2 kg a.i./hain naturally infested field with
test nematode. Results reveal ed that application of chemical
significantly reduced nematode popul ation and avoided yield
losses of grain and straw to the tune of 25.1-26.3 per cent
and 21.9-25.2 per cent, respectively. In another trial,
efficacy of neem, karanj and mahua (deoiled cakes, dry
leaves and seed kernel powder) were tested as row and
broadcast application @ 0.5 t/ha for the management of
this nematode. Results revealed that neem seed kernel @
0.5 t/hawhen applied as row application was most effective
for the management of maize cyst nematode whereas karanj
seed kernel @ 0.5 t/haapplied in rowswas best to enhance
yield of grain (56.4-59.6 per cent) and straw (52.6-57.6
per cent) followed by neem seed kernel and karngj cake @
0.5 t/ha over untreated control.
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Introduction

Maize (Zea mays L.) being queen of cerealsis cultivated
under the wide range of agro-climatic conditions all over
the world. In India, maize occupies third rank after rice
and wheat. In India, maize is extensively grown in
Rajasthan, Bihar, Gujarat, Haryana, Karnataka, Delhi,
Himachal Pradesh, Madhya Pradesh, Andhra Pradesh, Tamil
Nadu, Maharashtra, Punjab and Uttar Pradesh etc. In
Rajasthan, it is mainly cultivated in Udaipur, Rajsamand,
Banswara, Bhilwara, Chittorgarh, Dungarpur, Ajmer, Kota,
Bundi and Jnalawar districts of Rgjasthan.

Maizeis primarily a Kharif season crop but presently,
it is also being popularized as an important Rabi crop in
certain parts of the country including southern Ragjasthan
depending upon the climate, hybrid seed availability,
irrigation facilities etc. In summer, it is grown as fodder
crop whilein Kharif and Rabi, it ismainly grown for human
consumption as it provides high quality of staple food
among rural masses.

In India, productivity of maizeis very low because it
ismainly cultivated asrainfed crop with poor management
of pest and pathogensincluding plant parasitic nematodes.
A large number of phytonematodes have been found
associated with maize crop such as species of Heterodera,
Pratylenchus, Tylenchorhynchus, Meloidogyne,
Hoplolaimus, Helicotylenchus, Rotylenchulus, Radophol us,
Longidorus, Trichodorus, Xiphinema, Belanolaimus,
Ditylenchus and Aphelenchus (Yadav and Verma, 1971;
Windham, 1998; Berg et al., 2001; Kumar et al., 2018).
These nematodes apart from causing loss interact with
other disease causing agents and adversely affect the quaity
and quantity of maize production.

Amongst phytonematodes, maize cyst nematode
(Heterodera zeae) is economically most important and
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causes severe losses to this crop. It was first discovered
by Koshy et al. (1970) from Chhapli village of the then
Udaipur district of Rajasthan. It is widely distributed in
mai ze growing areas of Rajasthan, Bihar, Madhya Pradesh,
Gujarat, Haryana, Uttar Pradesh, Maharashtra and Delhi
(Koshy and Swarup, 1971; Rathore et al., 2007; Meena et
al., 2013; Mehta et al., 2016). It causes severe damage to
maize (Krusberg et al., 1997; Dodwadia et al., 2015).
Significant yield losses are caused by this nematode under
favouarable conditions (Srivastava et al., 2001). The
severity of losses caused by H. zeae on maize is higher in
Rajasthan, probably due to favourable soil conditions,
monocropping and ignorance of management practices
conditions (Meena and Singh, 1995). In view of disease
severity and crop losses, attempts were made to manage it
with use of pesticides (Sethi and Srivastava, 1986; Kaul
and Sethi, 1988a; Baheti et al., 2015). However, health
hazards, residual toxicity, environmental pollution, high
application cost, and poor adoption at farmers' fields are
limiting factors. Though attempts were made (Mishra and
Prasad, 1974, Bhatti, 1988; Mehta et al., 2015; Kumhar et
al., 2018) to evolve economical and eco-friendly techniques
for the management of plant parasitic nematode on various
crops yet information regarding management of maize cyst
nematode on maize is lacking. Therefore, present
investigation was conceived so as to evolve eco-friendly
management of maize cyst nematode.

M aterialsand methods
Estimation of avoidable |osses

An experiment was designed to estimate the avoidableyield
losses caused by maize cyst nematode, H. zeae on maize.
A field trial was carried out on farmer’s field naturally
infested with maize cyst nematode, Heterodera zeae at
Bujhda near Udaipur. Before layout, soil samples were
collected and processed in the laboratory to ensure good
nematode population required for experimentation. It was
determined 1000 and 1140 larvae/100 cc soil during I Year
and 11" year, respectively. Two treatments viz., carbofuran
3G @ 2 kg a.i./ha (66.67 kg commercial formulation) and
untreated control were taken. Chemical was weighed for
each experimental plot of 10 m? size, mixed well in 1 kg of
sand for uniform distribution in each experimental plot and
applied at the time of sowing. Experiment was laid out in
paired plot method as suggested by LeClerg (1971) and

both the treatments were replicated ten times. All
intercultural operations (fertilizer application, weeding,
hoeing, irrigation etc.) were done as per recommended
package of practices for better growth of the crop.
Fungicide and insecticide application was also applied for
safeguarding the crop from pests and diseases. Crop was
harvested after maturity and observations on number of
cyst per plant, cyst per 100 cc soil, larvae per 100 cc soil,
grain yield, and straw yield were recorded. For estimation
of soil population, samples collected from the experimental
plots were brought to the laboratory and thoroughly mixed.
Hundred cc soil was taken in bowl, added water, stirred
thoroughly and passed through 16 mesh sieve. The content
obtained were then passed through 100 mesh sieve and
catch of sieve was transferred in a beaker and later on a
blotting paper, examined under microscope for counting
of cysts. Thefiltrate of 100 mesh sieve was further passed
through 400 mesh sieves and catch of sieve was placed
over Baermann's funnel assembly. After 24 hours, the
nematode suspension was drawn from the funnel in abeaker
and kept for some time as such to allow the nematodes to
settle down at the bottom. Nematode larvae popul ation was
counted under microscope.

After harvesting, root samples were collected from
each experimental plot and brought to the laboratory. Roots
were gently washed in running tap water to remove adhering
soil particles. Well cleaned roots were cut into small pieces
and observed thoroughly under microscope for counting
of cysts population per plant. For grain yield, cobs were
collected separately from each experimental plot in well
aerated cotton cloth bags and kept in shade for drying.
Thereafter, grains were separated from cobs with the help
of maize sheller, cleaned and weighed to obtained grain
yield data. For straw yield, dry plants were cut and tied
with small piece of rope. Then weighed with the help of
weighing balance to record straw yield. Yield data were
compiled after termination of the experiment and expressed
in t/ha. Avoidable losses (Treated-Untreated/Treated* 100)
and per cent increase in yield and decrease in nematode
population over control (Treated-Untreated/Untreated* 100)
was determined.

Organic amendments

In view of disease severity and crop losses caused by tiny
and tough organism, attempts were made to test various
pesticides for the management of nematodes including
maize cyst nematode on maize and proved effective but
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due to health hazards, residual toxicity, environmental
pollution and high cost, their adoption at farmer’slevel has
been limited. Therefore, present investigation was made to
evolve eco-friendly management optionsfor the maize cyst
nematode, H. zeae on maize. With this view, a field trial
was planned and conducted to test the efficacy of neem,
karanj and mahua cakes, |eaves powder and seed kernels
for the management of maize cyst nematode, H. zeae on
maize. These plant products were applied @ 0.5 t/ha as
row and broadcast application. Carbofuran @ 2 kg a.i./ha
was kept and maintained as standard chemical check along
with untreated check. The required quantity of cakes,
leaves, seed kernels and chemicals were calculated and
weighed separately for each plot (10 m?). All plant products
were mixed well in 1 kg sand for uniform distribution and
then applied in experimental plots at the time of sowing.
Soil sampleswere collected to estimate the initial nematode
population. It was estimated 1020 and 1180 larvae/100 cc
soil during Istand I1nd Year, respectively. The experiment
was laid out in randomized block design with five
replications. All agronomical practices were adopted
throughout the cropping period. Observations viz., number
of cyst per plant, cyst per 100 cc soil, larvae per 100 cc
soil, grain and straw yield were recorded for comparison
of treatments. Data were compiled and analyzed for
interpretation of findings (Table 2-3).

Resultsand discussion
Assessment of avoidable |osses

Results revealed that 28.4 cyst per plant, 9.8 cyst per 100
cc soil and 1055.4 larvae per 100 cc soil were recorded in
plots treated with carbofuran @ 2 kg a.i./ha compared to
50.5, 17.0 and 1940.6 in untreated plots during I* year,
respectively (Table 1). Similar trend was noticed during
1" year also.

Results revealed that application of carbofuran @ 2
kg a.i./haiin field infested with maize cyst nematode, H.
zeae significantly enhanced grain and straw yield over
untreated control (Table 2).

During I®year 3.50 and 11.66 t/ha grain and straw
yield was recorded in chemical treated plots while in
untreated plots, it was found to be 2.58 and 8.72 t/ha,
respectively. Similar trend was also noticed during | 1™year
where grain yield of 3.74 and 2.80 t/ha and straw yield of
12.60 and 9.84 t/ha in treated and untreated plots,
respectively. Application of chemical avoided lossesto the
tune of 26.3 per cent in grain yield and 25.2 per cent in
straw yield during I%year. During |1™year, it was recorded
25.1 and 21.9 per cent, respectively. Per cent increase in
grain (35.7 per cent) and straw yield (33.7 per cent) over
untreated control were obtained during 1% year. During 1™

Table 1. Estimation of avoidable yield losses caused by maize cyst nematode, Heterodera zeae on maize

Treatment Nematode population Per cent decrease over control
Cyst/ Cyst/100 Larvae/100 Cyst/ Cyst/100 Larvae/100
plant cc soil cc soil plant cc soil cc soil
I'st IInd I'st IInd I'st I1nd I'st IInd I'st IInd I'st I1nd

Year Year Year Year Year Year Year Year Year Year Year Year
Carbofuran2kgai./ha(T,) 284 33.2 9.8 116 10554 11706 43.8 40.1 24 389 45.6 41.3
Untreated control (T,) 50.5 55.4 17.0 19.0 1940.6 1995.8
‘t' test So. Sg. Sg. Sg. Sg. Sg.

Table 2. Estimation of yield per cent avoidable loss and per cent increase over control caused by maize cyst nematode, Heterodera zeae on
maize
Treatment

Yield (t/ha) Per cent avoidable loss Per cent increase over control

Grain Straw Grain

Ist lind Ist lind I'st lind I'st lind Ist lind Ist lind
Year Year Year Year Year Year Year Year Year Year Year Year

Straw Grain Straw

Carbofuran2kg ai./ha(T,)  3.50 374 1166 1260 263 251 25.2 21.9 35.7 33.6 33.7 28.0
Untreated control (T,) 2.58 2.80 8.72 9.84 - - - - - - - —
‘t' test Sg. So. So. Sg. - - - - - - - -

Data are the average of ten replications
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Table 3. Effect of botanicals as soil amendment for the management of Heterodera zeae on maize

Treatment Nematode population Yield (t/ha)
Cyst/ Cyst/100 Larvae/100 Grain Straw
plant cc soil cc soil
I'st IInd I'st IInd I'st IInd I'st IInd I'st IInd

Year Year Year Year Year Year Year Year Year Year

Control v/s Rest

Control 51.4 53.2 15.6 17.4 1850.8 2050.6 2.60 2.75 8.60 9.70
Rest 36.7 39.7 11.2 13.0 13585 15689 343 355 1110 1220
‘F test Sg. Sg. Sg. Sg. Sg. Sg. Sg. Sg. Sg. Sg.
Method of application

Row (R) 322 34.8 10.0 11.9 1279.7 14839 3.70 380 12.07 13.10
Broad cast (B) 412 44.6 124 141 14373 16540 3.16 329 1013 11.29
SEmz+ 0.37 0.36 0.14 0.17 1690 1500 0.029 0.029 0.098 0.099
CD at 5% 1.04 1.03 0.40 047 4757 4222 0083 0083 0.277 0.278
Between treatment

Neem cake 0.5 t/ha (T,) 34.7 37.8 10.4 120 1260.2 14502 354 366 1153 1250
Karanj cake 0.5t/ha (T,) 36.4 3938 10.8 125 13204 15035 3.69 379 1188 13.00
Mahua cake 0.5 t/ha (T,) 395 2.7 12.0 139 14479 16851 3.26 338 1051 1147
Neem leaf 0.5 t/ha(T,) 421 45.9 13.1 150 15915 1831.0 299 3.08 9.68  10.65
Karanj leaf 0.5 t/ha(T,) 428 46.5 13.7 157 16614 1902.8 3.09 322 1003 1093
Mahua leaf 0.5 t/ha (T,) 45.2 48.1 14.3 16.4 17254 19565 284 293 920 1035
Neem seed kernel 0.5 t/ha (T.) 30.7 32.6 9.4 10.7 1129.3 13228 3.75 383 1203 1318
Karanj seed kernel 0.5t/ha (T,) 32.7 35.6 10.0 11.5 11925 13801 3.82 398 1240 13.65
Mahua seed kernel 0.5 t/ha (T,) 36.7 40.1 11.2 129 13304 15622 342 353 1113 1210
Carbofuran 2 kg a.i./ha(T,) 26.3 28.1 7.3 9.2 926.1 10952 3.92 409 1263 1413
SEm+ 0.83 0.81 0.32 037 3779 3354 0066 0066 0220 0.221
CD at 5% 2.33 2.29 0.89 105 106.37 9440 0.185 0.185 0620 0.621

Two way Interaction
Method x Treatment

Row x Neem cake 0.5 t/ha (RT)) 29.8 322 9.0 106 11604 1320.2 3.87 395 1265 1350
Row x Karanj cake 0.5 t/ha (RT)) 310 33.6 9.4 11.2 12208 13814 4.05 409 1300 14.05
Row x Mahua cake 0.5 t/ha (RT,) 33.6 36.4 10.4 124 13250 15402 354 363 1152 1240
Row x Neem leaf 0.5 t/ha (RT,) 38.2 42.0 12.0 140 15524 1760.0 3.16 323 1035 11.20
Row x Karanj leaf 0.5 t/ha (RT,) 38.8 42.6 12.6 148 1622.6 18648 3.30 341 1080 1145
Row x Mahualeaf 0.5 t/ha (RT,) 42.0 45.0 134 158 1700.8 19326 2.88 2.98 955 10.80
Row x Neem seed kernel 0.5 t/ha (RT.) 26.4 28.6 8.2 9.4 10482 12450 4.10 414 1325 1425
Row x Karanj seed kernel 0.5 t/ha (RT)) 28.0 30.2 8.8 104 1085.0 12900 4.15 430 1355 14.80
Row x Mahua seed kernel 0.5 t/ha (RT,) 314 34.0 9.8 11.6 12102 14484 3.73 381 1220 13.10
Row x Carbofuran 2 kg a.i./ha (RT,) 226 238 6.4 8.6 8720 1056.6 4.25 445 1385 1545
Broadcast x Neem cake 0.5 t/ha (BT) 39.6 434 118 134 1360.0 1580.2 3.20 337 1040 1150
Broadcast x Karanj cake 0.5 t/ha (BT,) 41.8 46.0 12.2 13.8 14200 16256 3.33 348 10.75 11.95
Broadcast x Mahua cake 0.5 t/ha (BT,) 454 49.0 13.6 154 1570.8 18300 298 312 950 1054
Broadcast x Neem leaf 0.5 t/ha (BT,) 46.0 49.8 14.2 16.0 1630.6 19020 2.82 292 9.00 10.10
Broadcast x Karanj leaf 0.5 t/ha (BT) 46.8 50.4 14.8 166 1700.2 19408 2.88 3.02 925 1040
Broadcast x Mahua leaf 0.5 t/ha (BT ) 484 51.2 15.2 17.0 17500 19804 2.80 2.88 8.85 9.90

Broadcast x Neem seed kernel 0.5 t/ha (BT.) 35.0 36.6 10.6 120 12104 14006 3.40 352 1080 1210
Broadcast x Karanj seed kernel 0.5 t/ha(BT,)  37.4 41.0 11.2 12.6 13000 14702 348 3.65 11.25 1250
Broadcast x Mahua seed kernel 0.5t/ha (BT,) 420 462 126 142 14506 16760 310 324 1005 1110

Broadcast x Carbofuran 2 kg ai./ha(BT,) 30.0 324 8.2 9.8 980.2 11338 358 372 1140 1280
SEm= 117 115 0.45 053 5345 4744 0093 0093 0311 0.312
CD at 5% NS 3.24 NS NS NS NS 0262 0.261 NS NS

Data are the average of five replications
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year, it was 33.6 and 28.0 per cent in grain and straw
yield, respectively (Table 2).

These results are in accordance with the findings of
Herling (1974) who estimated yield losses up to the extent
of 40 per cent on maize caused by H. avenae in East and
West Germany. Similarly, Srivastavaet al. (2001) reported
losses to the tune of 11-26 per cent on maize by maize
cyst nematode, H. zeae under sandy loam soils with the
application of carbofuran @ 2 kg a.i./ha. The results of
present investigation show that losses caused by maize
cyst nematode, H. zeae arein accordance with the previous
workers.

Nematode management

In comparison to chemicals, some of the merits of organic
amendment are building up of soil fertility, comparatively
cheaper, having beneficial effect on succeeding crop,
harmless to beneficial soil microbes, easy in application,
non-pollutant, no extra care and precautions. Therefore,

in present investigation neem, karanj, and mahua cakes,
leaves and seed kernels were used @ 0.5 t/ha as organic
amendment for the management of maize cyst nematode,
H. zeae on maize. Among different organic amendments,
minimum cysts per plant (30.7 and 32.6) were observed
with neem seed kernel followed by karanj seed kernel (32.7
and 35.6) and neem cake (34.7 and 37.8) applied @ 0.5t/
ha during Kharif 19 year and 1™ year, respectively (Table
3). However, soil application of carbofuran at 2 kg a.i./ha
was significantly better over botanicalstested and produced
26.3 and 28.1 cysts per plant. Results also showed that
cysts per plant were significantly reduced with row
application (32.2 and 34.8) in comparison to broadcast
application (41.2 and 44.6) (Table 3).

Application of neem seed kernel @ 0.5 t/hain rows
reduced cyst per plant to the tune of 48.6 and 46.2 per
cent whereas, in karanj seed kernel and neem cake @ 0.5
t/ha, it was observed 45.5 and 43.2 per cent and 42.0 and
39.5 per cent, respectively lesser over untreated control
(Table 4). The highest reduction in cyst per plant (56.0

Table 4. Per cent changes in nematode parameters and yield of maize through soil amendment with different plant products

Treatment Per cent decrease over control Yield increase over control (%)
Cyst/ Cyst/100 Larvae/100 Grain Straw
plant cc soil cc soil

I'st IInd I'st IInd I'st IInd I'st IInd I'st IInd
Year Year Year Year Year Year Year Year Year Year

Row x Neem cake 0.5 t/ha (RT,) 420 39.5 423 39.1 37.3 35.6 489 436 47.1 39.2

Row x Karanj cake 0.5 t/ha (RT,) 39.7 36.8 39.7 35.6 34.0 32.6 55.8 487 51.2 44.9

Row x Mahua cake 0.5 t/ha (RT,) 34.6 31.6 333 28.7 284 24.9 36.2 32.0 34.0 27.8

Row x Neem leaf 0.5 t/ha (RT,) 257 211 231 195 16.1 14.2 215 175 20.4 155

Row x Karanj leaf 0.5 t/ha (RT,) 245 19.9 19.2 14.9 12.3 9.1 26.9 24.0 256 18.0

Row x Mahualeaf 0.5 t/ha (RT)) 18.3 154 141 9.2 81 5.8 10.8 84 111 113

Row x Neem seed kernel 0.5 t/ha (RT.) 48.6 46.2 47.4 46.0 434 39.3 57.7 50.6 54.1 46.9

Row x Karanj seed kernel 0.5 t/ha (RT)) 455 432 43.6 40.2 41.4 37.1 59.6 56.4 57.6 52.6

Row x Mahua seed kernel 0.5 t/ha (RT,) 389 36.1 37.2 333 34.6 29.4 435 38.6 41.9 35.1

Row x Carbofuran 2 kg a.i./ha (RT,) 56.0 55.3 59.0 50.6 52.9 485 63.5 61.8 61.1 59.3

Broadcast x Neem cake 0.5 t/ha (BT,) 23.0 184 244 23.0 26.5 229 231 22.6 20.9 18.6

Broadcast x Karanj cake 0.5 t/ha (BT,) 18.7 135 218 20.7 233 20.7 281 26.6 25.0 23.2

Broadcast x Mahua cake 0.5 t/ha (BT,) 11.7 7.9 12.8 115 151 10.8 14.6 135 10.5 8.7

Broadcast x Neem leaf 0.5 t/ha (BT,) 10.5 6.4 9.0 8.1 119 7.3 85 6.2 4.7 41

Broadcast x Karanj leaf 0.5 t/ha (BT,) 9.0 53 51 4.6 81 54 10.8 9.8 7.6 7.2

Broadcast x Mahua leaf 0.5 t/ha (BT ) 5.8 38 2.6 2.3 55 34 7.7 4.7 29 21

Broadcast x Neem seed kernel 0.5 t/ha (BT.) 31.9 31.2 321 31.0 34.6 317 30.8 28.0 256 24.7

Broadcast x Karanj seed kernel 0.5t/ha(BT,)  27.2 229 28.2 27.6 29.8 28.3 339 32.7 30.8 28.9

Broadcast x Mahua seed kernel 0.5 t/ha (BT,)  18.3 132 19.2 184 216 18.3 19.2 17.8 16.9 144

Broadcast x Carbofuran 2 kg ai./ha(BT,) 416 391 474 437 470 447 377 B3I 326 320

Untreated control
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and 55.3 per cent) was noticed with row application of
carbofuran @ 2 kg a.i./ha. Cysts per plant were observed
lower in seed kernel compared to cake and leaf treatments.
In the same way, heem products proved better over karan;
and mahua. Similar order was noticed with regardsto cyst
and larvae populationin soil (Table 4).

The results obtained in present investigation are also
in accordance with the findings of nhumber of earlier
researchers. Mishra and Prasad (1974) also reported that
effect of karanj, neem, mahua, groundnut, cotton, and
linseed and sesamum cake on various nematodes attacking
wheat, mungbeen and tomato. Although, all cakes were
effective in reducing nematode population except cotton
and linseed cake but neem cake was best among all the
cakes tested. Alam and Khan (1974) reported that highest
reduction in the popul ation of stylet bearing nematodes took
place in neem cake followed by cakes of mahua, mustard,
groundnut and castor on spinach. Efficacy of plant products
was also tested by Mojumder et al. (2002). They conducted
an experiment on seed coating of peawith neem seed kernel,
neem seed coat and neem cake (20 per cent), achook,
neemark and nimbecidine (5 per cent) against M. incognita
and R. reniformis and found that neem seed kernel was
most effective in reducing root-knot galls, juveniles of M.
incognita and all stages of R. reniformis and enhanced the
plant growth and crop yield. Nangegowda et al. (1998)
tested the efficacy of neem seed kernel, neem leaf, neem
cake, nimbicidine and carbofuran against M. incognita in
tomato nursery. They reported that all the neem products
and carbofuran significantly reduced the nematode
population. However, carbofuran was more effective
followed by neem seed kernel and cake. Ram and Baheti
(2004) tested the efficacy of neem, castor and karanj
products (leaf and seed kernel) as seed treatment (10% w/
w) along with soil application (0.25 t/ha) for the
management of Rotylenchulus reniformis on cowpea (Pusa
Barsati). Resultsrevealed that plant products were effective
in improving plant growth and reducing nematode
reproduction over untreated check. However, neem seed
kernel was found to be the most effective and superior
among all the plant products. Mehtaet al. (2015) observed
maximum increase in plant growth parameters with neem
(Azadirachta indica) leaves powder @ 4 g/plant followed
by aak (Calotropis procera) and water hyacinth (Eichornia
crassipes) leaves powder @ 4 g/plant as soil application
over untreated control on maize infested with H. zeae.
Similar results have also been reported by Baheti et al.

(2015) on sweet corn, Kumar et al. (2018) on maize
infested by various plant parasitic nematodes.

The suppression of nematodes in amended soil might
be dueto the effect of several combined factors. Production
of volatile fatty acids, phenols, ammonia, amino acids etc.
during decomposition of plant products might have caused
inhibitory effect on the nematodes. The decomposed
products might be either directly toxic to nematodes or the
microbial metabolites produced during decomposition might
have toxic effect to nematodes or enhance activity of
predators and parasites attacking the nematode.

In present investigation also maize cyst nematode, H.
zeae produced less number of cysts per plant, cysts and
larvae per 100 cc soil under botanical treatments over
untreated control which isin accordance with the findings
of the previous workers. Comparative studies were aso
carried out between row and broadcast application of plant
products for the management of H. zeae on maize. Results
showed that all the plant products exhibited better response
in row application over broadcast application.

Results pertaining to grain yield reveaded that neem,
karanj and mahua cakes, powdered |eaves and seed kernels
when applied @ 0.5 t/ha as soil amendment in H. zeae
infested field, enhanced the yield. Among different botanical
treatments, maximum grain yield (3.82 and 3.98 t/ha) was
obtained with karanj seed kernel applied @ 0.5 t/hafollowed
by neem seed kernel @ 0.5 t/ha (3.75 and 3.83 t/ha) and
karanj cake @ 0.5 t/ha (3.69 and 3.79 t/ha) during I*year
and I1™year, respectively. Higher grain yield was recorded
in case of seed kernel application compared to cake and
leaf. Similarly, karanj products proved better than those of
neem and mahua. However, highest numerical grain yield
(3.92 and 4.09 t/ha) was recorded with the application of
carbofuran @ 2 kg a.i./ha over karanj seed kernel though
statistically at par with each other during both the years.

Comparative studies of row and broadcast methods
of application indicated that row application was
significantly superior over broadcast application w.r.t. grain
yield. It was obtained 3.70 and 3.80 t/hain row while 3.16
and 3.29 t/ha in broadcast application during both the
cropping seasons. Per cent increase in grain yield with the
application of different botanicals over untreated was
calculated and it was maximum (59.6 and 56.4 per cent)
with karanj seed kernel @ 0.5 t/ha when applied in rows
followed by neem seed kernel (57.7 and 50.6 per cent)
and karanj cake (55.8 and 48.7 per cent) when applied @
0.5 t/ha. However, highest increase in grain yield (63.5
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and 61.8 per cent) was recorded with carbofuran @ 2 kg
a.i./ha when applied in rows during I¥ year and 11™ year,
respectively Similar trend was observed with respect to
straw yield also. The efficacy of different botanicals has
also been observed by several workers. Patel et al. (2000)
studied the efficacy of Indian mustard, cakes of castor,
neem, mahua, piludi, press-mud, poultry manure, FYM
and celrich @ 1 or 2 per cent on wheat cv. Lok-1 and
observed that all treatments were effective in increasing
grain yield. Ravindra et al. (2003) evaluated the efficacy
of neem and pongamia cake @ 10, 20 and 30 g/plant,
applied directly to the base. Pongamia cake @ 30 g/plant
recorded maximum green and cured leaf yield of tobacco.
Similarly, Ram and Baheti (2006) and Khoarniyaand Baheti
(2020) reported the efficacy of botanicals for the
management of reniform and root-knot nematode infecting
pul ses.

These findings support that application of botanicals
as soil amendment enhanced plant growth and crop yield
in nematode prone areas. This might be due to the fact that
soil amendment with botanicalsimprove physical condition
of soil, reduce population of plant parasitic nematodes,
enhances the activity of beneficial soil microbes. Different
plant products exert different reactions w.r.t. plant growth
parameters. However, application of seed kernels led to
better yield over cake and leaf because seed kernels gave
better protection from nematode attack. Similarly, karan
products proved better over neem and mahua because of
the fact that karanj products might be providing better
nourishment to the crop or have other attributes responsible
for enhancing yield.

Conclusion

Application of carbofuran @ 2 kg a.i./ha avoided grain
and straw yield losses of maize to the tune of 25.1-26.3
and 21.9-25.2 per cent, respectively in field infested with
H. zeae. Soil amendment with neem seed kernel @ 0.5 t/
ha as row application was found better for the management
of maize cyst nematode whereas karanj seed kernel at same
dose was effective in enhancing the yield.
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