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Abstract : Inafield experiment, oneyear old seeds of two late sown wheat varietiesviz., HUW 234 and WR544 were primed with
tap water and inorganic saltsincluding KNO, and Mg (SO,), singly (in 0.2% solutions) for 12 hours. After priming, the seedswere
taken out and allowed for shade drying till returning to their original moisture content. One set of unprimed control was also kept
simultaneously. Those primed and unprimed seeds were sown in the last week of December during 2011-12 in allocated plotsin
four replicatesfollowing Factorial Randomized Block Design (RBD) at the research farm of 11SR Lucknow, taken temporarily by
Directorate of Seed Research, Mau. The data showed that seed priming with tap water and inorganic saltsincluding KNO, and Mg
(SO,), singly in 0.2 per cent solution for 12 h significantly enhanced seed germination, shoot/root length, seedling dry weight,
vigour index and finally the total biomass and grain yield in both the varieties evaluated over unprimed control. Among the
treatment, KNO, priming displayed maximum values in respect of all characters studied followed by Mg (SO,), and tap water.
Varieties differed significantly in respect of shoot/root length, seedling dry weight, spike length, number of spikelets/ spike,
number of grainsand test weight. Variety HUW 234 superceded WR 544 in respect of seedling dry weight, vigour index, number
of tillers/ run. meter and total biomasswhereas WR 544 displayed maxi mum seed germination, shoot/root length, plant height and
finally thetotal grainyield. Differences between varietieswere found to be significant for some characters, however, insignificant
for remaining others.
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INTRODUCTION low in U.P. aswell asin the nation as a whole because
of several factorsincluding itscultivation under rainfed
un-irrigated lands, prevalence of insect-pests, diseases
and use of very old and low quality seeds by the farmers.
Thefarmersgenerally usetraditional and poor methods
of seed storagewhichinturn giveslow seed germination,

Wheat is the world’s number one cereal crop.
Wheat is grown in ailmost al the statesin northern and
central India. Uttar Pradesh ranksfirst in terms of area
under and total production but the productivity is very
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delayed emergence and unhealthy seedlings that
ultimately results exceedingly low yield. Booming up
population warn usto intensify an effort to enhancethe
productivity of wheat crop /unit areaand in this context
sustained increase in agriculture production and
productivity is dependent to a large extent on the
devel opment of new and improved varieties of cropsand
an efficient system for timely supply of quality seed to
the farmers at affordable cost in time. It is mentionable
that seed isthe most important determinant of agriculture
production potential, on which the efficiency of other
agricultural inputs is largely dependent upon. Seed
enhancement is the techniques defined as any post
treatment that improves germination, seedling emergence
or facilitate the devel opment of more number of normal,
rapid, uniform and heal thy seedlings under field conditions
(Mc Donald Miller, 2000). Seed quality enhancement
techniquesincluding seed priming, seed coating and seed
pelleting are being used in agriculture for negotiating
adverse biotic and edaphic situations, protecting
agriculture and prolonging the storability of seed. Seed
priming is apowerful tool inwhich seeds are soaked in
water or an osmotic solution allows water imbibitions
and permits early stages of germination but does not
permit radical protrusion through seed coat (Heydecker,
1973). According to Basu (1994) seed priming induces
faster emergence and more uniformfield stand in normal
aswell asunder stress condition. Besides uniformity and
synchrony, significant yield increasein many field crops
has been reported. Seed priming with different inorganic
saltincluding KNO,, MgNO, and MgSO, etc. has been
reported to improve the germination, speed of emergence,
seedling vigour, growth and yield of different vegetable
and field crops by several workers (Saxena and Singh,
1987; Fujikura and Karssen, 1992; Brockehurst and
Dearman, 1983; Taigi, 2001; Panditaet al., 2003; Misra
and Sahoo, 2003; Thakur and Thakur, 2006; Tiwari et
al., 2013; 2014 and 2015) but the information regarding
beneficial effect of seed priming in wheat crop is very
scanty though it constitutesthe major crop of the country.
Keeping the above facts in purview, the present
investigation was under taken to study the relative
performance of tap water and different inorganic salts
used as osmoticum for seed priming on the germination,
root/shoot length, seedling dry weight and vigour index
in two wheat varieties and also to study the effects of
theseimprovementson growth, yield attributes and seed
yield of two wheat varieties.

MATERIAL AND METHODS

Oneyear old seeds of two late sown wheat varieties
viz., HUW 234 and WR 544 were obtained from breeding
section of ICAR- DSR, Mau and were surface sterilized
with 0.1 per cent HgCl, for 5 minutes. Those seedswere
thoroughly washed after surface sterilization and soaked
as per treatments in tap water (T,) and in 0.2 per cent
conc. of KNO, and Mg(SO,), separately in plastic
containers for 12 h. Seeds were taken out from the
solution and allowed for shade drying until it attained its
original moisture content. One set of unprimed control
was al so maintained simultaneously. Dried seeds of each
variety weresown in alocated plotsof 6 x 2.4 m. sizeat
22.5cmrow spacinginfour replicatesfollowing factorial
RBD inthefield at the Research farm of Indian Institute
of Sugarcane Research, L ucknow. Recommended NPK
@ 120:60:40 kg/ha were applied, half dose of nitrogen
and full dose of phosphorusand potassium were applied
at thetime of planting and remaining half dose of nitrogen
were top dressed in two split doses at tillering and at
dough stages. Irrigation and other cultural practiceswere
applied as per the recommendations. Germination was
recorded one week after sowing while root/shoot length
were recorded after 15 days of germination count and
at the same time 50 (fifty) fresh seedlingswere uprooted
and kept for drying in oven at 80°C. Dried sampleswere
taken out and weighed with an electronic balance and
thevigour index was cal cul ated as mentioned here under.

Vigour index = Germination per cent x seedling dry weight

In standing crop at 60 days after sowing (DAYS)
number of tillers per running meter was recorded. At
harvest theyield attributesincluding spikelength, number
of spikelets/spike, number of grains/ spike, total bio-
mass, test weight and grain yield were recorded. Data
collected were analyzed following statistical procedure
as described by Panse and Sukhatame (1967).

RESULTS AND DISCUSSION

Seed priming of wheat seeds with tap water and
inorganic saltsincluding KNO, and Mg (SO,), in 0.2 per
cent solution singly, significantly enhanced seed
germination over unprimed control (Table 1a). Among
the treatments, seed priming with KNO, saltsin 0.2 per
cent conc. displayed highest mean germination (93.5%)
followed by Mg(SO,), (90%) and found to be
significantly higher over tap water (83.5%). Thevarieties
of wheat evaluated responded well to priming treatment
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and the germination per cent was slightly higher in WR
544 over HUW 234, the differences between varieties
wereins gnificant. Per cent improvement in germination
was also higher in WR 544 as compared to HUW 234
(Fig. 1). Shoot and root length of seedlingsrecorded were
asoincreased significantly with priming treatment, KNO,
priming showed maximum valuesin both shoot and root
lengthfollowed by Mg(SO,), and tap water priming over
unprimed control (Table 1b, c). Whest varietiesevaluated
differed significantly in their shoot/root length and the
maximum improvement was recorded with WR 544.
Differences in between the treatments (T,and T,) and
(T, and T,) were found significant. Table 1d. clearly
revealed that seedling dry weight was significantly
enhanced by the priming treatments, the maximum values
were observed in KNO, priming followed by Mg (SO,),
and tap water but the differences between KNQO,,
Mg(S0O,), and tap water priming in respect of seedling
dry weight were found to be insignificant. Varieties
differed significantly in their seedling dry weight and the
highest valueswere observed in HUW 234. Improvement
in seedling dry weight as a result of seed priming was
found to be 9.30 - 15.11 per cent in HUW 234 and 8.43
- 14.45 per cent in WR 544 as depicted in Fig. 2.

Control
Tap water
KNO,-0.2%

Mg(SO,),-0.2%

% increase

Fig. 1 : Influence of seed priming on improvement of

germination in wheat

Vigour index isthe product of germination per cent
x seedling dry weight and it was considerably increased
in response to priming treatments applied. Maximum
vigour index was obtained by KNO, priming followed
by Mg(S0O,), and tap water. HUW 234 displayed highest
vigour index over WR 544. Fig. 3 clearly revealed that
KNO, priming was most effective in enhancing the
seedling vigour in wheat varietiesfollowed by Mg (SO,),
and tap water (Table 1€).
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Fig. 2: Enhancement in seedling dry weight through seed

priming in wheat varieties
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Influence of seed priming on improvement vigour
index in wheat

Thus, HUW 234 displayed higher seedling dry weight
and vigour index whereas WR 544 showed higher seed
germination and shoot/root length. Aboveimprovement
by seed priming with tap water and inorganic saltsKNO,
and Mg(SO,), ingermination, shoot/root length, seedling
dry weight and finally in vigour index ismight be dueto
induced large free space between embryo and endosperm
in primed seed, which is deemed to play arole in
accel erating germination rate by facilitating more uptake
of water as observed earlier by Argerich and Bradford
(1989) in tomato.

Present findings are aso similar with the findings
of Panditaet al. (2003); Bose and Sharma (2000); Bose
and Pandey (2003); Pandey and Bose (2006) and Tiwari
etal. (2013 and 2014) who had reported theimprovement
in germination, vigour and seedling dry weight by halo
priming with KNO, (15 and 13 mM) in tomato, maize,
mustard, okra, moongbean and pegionpea seeds.
Chemical priming of tomato and cauliflower seed with
NaCl, Na,HPO, and urea also showed higher
germination, shoot/root length and vigour index under
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Tablel: Effect of inorganic priming agentson various characters(a) Seed germination (%) (b) Shoot length (cm.) (c) Root length (cm.) (d)
Seedling dry weight (g.) (€) Vigour index (f) Number of tillersrun. meter (g) Plant height (cm.) (h) Spike length (cm.) (i) Number of
spikelets/spike (j) Number of grain/spike (k) Test weight (g.) (I) Total biomass (kg/plot) (m) Total grain yield (kg/plot) in late sown
wheat varieties

Trestments HUW 234 ey WR 544 Mean
(a) Seed germination (%)

Control (Ty) 78 72 75
Tap water (T2) 80 87 835
KNO; 0.2% (Ts) 89 98 935
Mg(SOs) 0.2% (T4) 92 88 90
Mean 84.75 86.25

Variables SE. + C.D. (P=0.05) C.D. (P=0.01)
\Y 0.399 0.82983 1.12988
T 0.564 1.17356 1.59788
VT 0.79806 1.65967 2.25975
CV =4.82%

(b) Shoot Iength (cm)

Control (Ty) 113 113 113
Tap water (T2) 1175 14.15 12.95
KNO; 0.2% (T5) 11.9 15.49 14.69
Mg(SOx) 0.2% (T,) 1252 13.95 13.25
Mean 12.36 13.72

Variables SE. % C.D. (P=0.05) C.D. (P=0.01)
\Y 0.5634 117173 1.59539
T 0.5968 1.65708 2.25623
VT 1.1268 2.34347 3.19079
CV =10.20%

(c) Root length (cm)

Control (Ty) 11.02 11.3 11.16
Tap water (T,) 12.1 13.77 12.93
KNOs 0.2% (Ts) 14.0 15.72 14.86
Mg(SOs) 0.2% (T4) 121 14.92 13.86
Mean 12.48 13.92

Variables SE. + C.D. (P=0.05) C.D. (P=0.01)
\ 0.49868 1.03707 141204
T 0.50524 1.46664 1.99692
VT 0.99736 2.07414 2.82408
CV =10.89%

(d) Seedling dry weight (g)

Control (Ty) 0.86 0.83 0.84
Tap water (T,) 0.94 0.90 0.92
KNO; 0.2% (T5) 0.99 0.95 0.97
Mg(SO4) 0.2% (T4) 0.98 0.90 0.94
Mean 0.94 0.89

Variables SE.+ C.D. (P=0.05) C.D. (P=0.01)
\ 0.01606 0.03340 0.04548
T 0.002271 0.04724 0.0632
VT 0.03212 0.06680 0.09096
CV =3.93%

Table 1: Contd..............
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Tablel: Contd...........

(e) Vigour index

Control (T4) 67.08 59.76 63.42
Tap water (T2) 75.2 78.30 76.75
KNO; 0.2% (T3) 88.11 93.1 90.60
Mg(SO4) 0.2% (T4) 9016 79.2 84.68
Mean 80.13 77.59
(f) Number of tillers/run. meter
Control (Ty) 78.70 70.90 74.80
Tap water (T2) 82.40 77.10 79.75
KNO3 0.2% (T3) 91.10 90.80 90.95
MQ(SO4) 0.2% (T4) 84.40 82.37 83.38
Mean 84.15 80.30
Variables SE. + C.D. (P=0.05) C.D. (P=0.01)
\% 3.74588 7.79001 10.60662
T 5.29748 11.01674 15.00003
VT 7.49176 15.58002 21.21325
CV =13.05%
(9) Plant height (cm)
Control (T4) 89.7 97.0 93.35
Tap water (T2) 92.4 98.1 95.25
KNO; 0.2% (T5) 100.5 97.1 98.8
Mg(SOx) 0.2% (T,) 93.4 96.8 95.1
Mean 94.0 97.25
Variables SE. + C.D. (P=0.05) C.D. (P=0.01)
\% 487131 10.13.47 13.79332
T 6.88907 14.32665 19.50670
VT 9.741262 20.26095 27.58664
CV =14.21%
(h) Spike length (cm)
Control (T4) 9.07 7.47 8.27
Tap water (T>) 8.62 8.12 8.37
KNO; 0.2% (Ts) 9.65 7.62 8.63
Mg(SOx) 0.2% (T,) 8.97 7.55 8.26
Mean 9.07 7.69
Variables SE. + C.D. (P=0.05) C.D. (P=0.01)
\Y 0.31043 0.64558 0.87901
T 0.43902 0.91299 1.24310
VT 0.62087 1.29117 1.75801
CV =10.87%
(i) Number of spikelets/ spike
Control (Ty) 40.37 34.62 37.49
Tap water (T2) 40.37 37.72 39.04
KNO; 0.2% (T3) 45.05 38.37 41.71
Mg(SO4) 0.2% (Ts) 43.2 38.28 40.74
Mean 42.25 37.25
Variables SE. + C.D. (P=0.05) C.D. (P=0.01)
\Y 2.07018 4.30518 5.86179
T 2.92767 6.08844 8.28982
VT 4.14035 8.61036 11.72358
CV =13.11%

Table1: Contd..............
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()) Number of grains/ spike
Control (Ty)

Tap water (T2)
KNO; 0.2% (Ts)
Mg(SO4) 0.2% (T4)
Mean

Variables

\Y

T

VT

CV =15.71%

(k) Test weight (g)
Control (Ty)

Tap water (T,)
KNO; 0.2% (Ts)
Mg(SO,) 0.2% (T4)
Mean

Variables

\%

T

VT

CV =9.67%

(1) Total biomass (kg/plot)
Control (Ty)

Tap water (T2)
KNO; 0.2% (T3)
Mg(SO4) 0.2% (T4)
Mean

Variables

\%

T

VT

CV =11.04%

(m) Total grain yield (kg/plot)
Control (T4)

Tap water (T,)
KNOj; 0.2% (Ts)
Mg(SO,) 0.2% (T4)
Mean

Variables

\%

T

VT

CV =17.271%

32.2
39.9
45.15
41.6
39.7
SE. #
2.19059
3.09796
4.38118

34.0
34.25
375
40.5
36.56
SE. *
1.23804
1.75085
2.47608

16.25
18.05
19.75
16.50
17.75
SE.
0.66774
0.94432
1.33547

6.85
8.11
8.93
723
5.75
SE. £
0.45376
0.64171
0.90751

33.72
36.12
38.05

36.6
35.99
C.D. (P=0.05)
455560
6.44259
9.11119

38.25
395
4175
40.25
39.93
C.D. (P=0.05)
2.57465
3.64110
5.14930

14.75
15.05
18.75
16.75
16.44

C.D. (P=0.05)

1.38864
1.96383
277727

5.75
7.63
8.54
7.08
7.25

C.D. (P=0.05)

0.94364
1.33451
1.88728

32.96
38.01
41.6
39.1

C.D. (P=0.01)
6.20275
8.77201
12.40550

36.12
36.87
39.62
40.37

C.D. (P=0.01)
3.50556
495761
7.01112

155
16.55
19.25
16.62

C.D. (P=0.01)
1.89072
2.67388
3.78144

6.3
7.87
8.73
7.15

C.D. (P=0.01)
1.28483
1.81702
2.56966
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accelerated and natural ageing condition.

Data (Table 1f and g) revealed that there was a
dlight (numerical) improvement in both tiller production
and plant height by priming of seedswith tap water and
inorganic salts but it was found to be statistically
insignificant. Among the treatments, KNO, priming
displayed maximum value in respect of both number of
tillers/running meter and plant height. Differences
between varietieswere al so not significant. Co-efficients
of variation for both the characterswere highin thetune
of 13.05 and 14.21 per cent, respectively.

Yield attributes including spike length, number of
spikelets/ spike, number of graing/ spike and test weight
responded differentially with applied priming treatments
(Table 1h, i, j and k). Spikelength wasnot affected with
the priming treatments, only the differences between
varietieswerefound significant. Var. HUW 234 showed
significantly higher spikelength over WR 544 (Table 1h).
Seed priming treatment al so did not i nfluence the number
of spikelets/ spike and number of graing/spike, only the
differences between varietieswerefound significant for
those characters. HUW 234 al so displayed significantly
higher number of spikelets/ spike aswell as number of
grains/ spike.

Test weight in both the varieties was increased by
the priming of seedswithinorganic saltsincluding KNO,
and Mg (SO,), and it was significant at 5 per cent level
of significance over unprimed control. Tap water priming
did not affect the test weight in any of the varieties
evaluated. WR 544 showed significantly higher test
weight over HUW 234 (Table 1k.)

Total biomass production at harvest (Table 1(1)
showed that seed priming with tap water and inorganic
salts including KNO, and Mg (SO,), significantly
improved total biomass production over unprimed contral.
Amongst thetreatments, KNO, (0.2%) priming produced
significantly higher biomass over tap water and Mg (SO,),
priming indicating there by the beneficial role of KNO,
over Mg (SO,), salts and tap water. HUW 234 produced
higher total biomass than WR 544 but the differences
between varieties were found to be insignificant since
both the varieties were of |ate sown nature and medium
yielder. Grain yield recorded at threshing (Table 1m)
indicatesthat seed priming with tap water and inorganic
salts (KNO, and Mg (SO,),) in 0.2 per cent solution
significantly enhanced grainyield in wheat varieties over
unprimed control. Among thetreatments, KNO, priming
registered highest grain yield followed by tap water and

Mg (SO,),. Per cent increasein grain yield in response
to different priming treatments (Fig. 4) displayed that
WR 544 had produced higher grain yield over HUW
234 but the differences were not significant and it might
be dueto very higher co-efficient of variation (17.27%)
observed inthefield.

[ control
B Tap water
KN 0,-0.2%

[IMg(S0,),-0.2%

% increase over control

% increase in grain yield

Fig. 4 : Enhancement in wheat yield by seed priming

Osmo—priming with diverse chemicals to seeds
eventually enhances the rate of germination and
encourages fast emergence of seedling in field (Bose
and Mishra, 1992 and Bose, 1997) and thismight belead
to enhancement in subsequent phases of plant growth
and finally to higher yield of a crop. Bose and Mishra
(1999 and 2001) opined that during soaking of seed in
Mg(NQ,),or KNO, solution the cationsMg*™ or K* and
anions NQ, influxed in the seeds and showed their carry
over effect during vegetative growth period and
consequently the yield was increased and it was also
supported by Bose and Pandey (2003) and Tiwari et al.
(2013 and 2014).

In the present investigation two the inorganic salts
used viz., KNO, and Mg (SO,), might have resulted
their carry over effect of influx of ionsand consequently
the yield has been enhanced. In the same context it is
also important that both nitrate and magnesium are not
only the nutrients but also potential saltsacting assignal
for initiating various metabolic process and directly
involved in biosynthesispart (Tischener, 2000) evenwhile
subjected as seed priming material.

Conclusion :

In essence the present investigation concludes that
seed priming of oneyear old wheat seedswith tap water
and inorganic sdts including KNO,, Mg (SO,), in 0.2
per cent conc. separately for 12 h before sowing,
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enhanced seed germination, shoot/root length, seedling
dry weight, vigour index and ultimately thetotal biomass
and grain yield in late shown wheat varieties.
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