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(" Abstract: In many parts of the world water scarcity is becoming an increasingly important issue. Climate change predictions of increase in temperature, atmospheric COz level
and erratic rainfall mean that water will become even scarcer and scarcer. Since agriculture is the major water user, efficient use of water in agriculture is needed for conservation
of this limited resource and to get higher productivity. Enhanced drought tolerance and increased water use- efficiency can be achieved by different strategies such as change of
crops capable of producing acceptable yields under deficit irrgation or rainfed situations or developing genetically modified crops which can withstand drought condition or by
strategies involving agronomic practices like different seed-priming methods such as hydro-priming, halo-priming, osmo-priming or use of microbial inoculants efc. particularly at on

farm level.
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Introduction

Poor crop stand is one of the major abiotic constraints encountered by resource-
poor farmers in marginal areas in India [1]. The main reasons for this include, use
of low-quality seed, inadequate seedbed preparation, untimely sowing, poor
sowing technique, inadequate soil moisture, adverse soil properties (e.g., crusting)
and high temperatures. Efficient and effective amelioration of these physical
constraints is often beyond the control of resource-poor farmers in rainfed farming
systems. A simple, low-cost, low-risk intervention; on-farm seed priming can, if
refined and developed using farmer-participatory approaches, make a positive
impact on farmers livelihoods by increasing the rate of crop emergence, thus
increasing rates of crop development, reducing crop duration and raising yields
[2]. Sorghum seedlings that germinated and emerged faster grew more vigorously
and that rate of emergence could be increased by soaking the seeds overnight in
water before sowing [3]. Similarly, there is ample literature indicating the beneficial
use of on-farm seed priming in sorghum [4] and in maize [5].

Effect of seed priming on field performance of maize and sorghum

Soaking seeds in water (hydro-priming) before planting is not a new practice. Over
the last 40 years, priming seeds with various substances has become a common
seed treatment to induce drought tolerance in many field crops. In maize hydro-
priming had pronounced effect on emergence of seedlings, its rate and early
seedling growth of maize crop and it improved the field stand and plant growth,
both at vegetative and at maturity stage in maize [6]. It was noted significantly
faster emergence, taller and heavier seedlings and more leaves per plant (14
DAS) from maize seeds primed for longer than 8 h in India [7] and in Zimbabwe
[8]. However, the number of root axes per plant was not increased relative to the
non-primed treatment, until seeds had been primed for at least 14 h to 20h. Plant
height and shoot dry weight of maize were increased by priming (without drying)
[9]. The hydro-primed maize seed produced consistently and significantly longer

shoots after 5 days than the untreated control [10]. In contrast, many scientists
have reported that, the beneficial effect of hydro-priming persisted only till early
vegetative growth of maize and failed to improve the plant height [11], shoot dry
weight and leaf area of maize plants that had emerged on the same day [12].
Priming had no effect on number of root axes and leaf number of maize crops
[13]. Work in Zimbabwe suggests inconsistent response of maize in a study where
there was no significant effect of priming on final stand nor on relative growth rate
and, although priming significantly reduced time to maturity from 113 to 100 days,
there were few meaningful effects on other components of yield (test weight) [14]
and no seed yield increases were noticed [15]. Additionally, priming is also known
to induce drought tolerance in maize by reducing the ASI. Hydro-priming reduced
the period to anthesis and silking of maize by about a day each. However, there
was little effect of priming of maize plants emerging on the same day on time
taken to flowering (days to pollen shedding and silking) [16]. In addition to its
beneficial effect on growth of crop plants, priming is also known to increase the
yield by its significant effect during drought on yield parameters of crops under
study. The grain yield of maize was increased significantly by 16 percent as a
result of increases in the number of grains per panicle and grain size [17]. Priming
for 16-18 h resulted significant increases in grain yield ranging from 17 percent to
76 percent in 11 out of the 14 trials. The results of these studies indicated no case
was the result of priming worse than not priming. There was little effect of priming
of maize plants emerging on the same day on yield, cob length and grains per cob
[18]. In researcher managed field trials, total dry matter (11.84Mgha"), stover yield
(7.46Mgha-), cob yield (4.42Mgha-") and grain yield (3.39 Mg ha'') of maize were
all significantly increased by priming with water. The same pattern was apparent
for other components of yield (cob weight-79.7 g/cob, grain weight-60.9 g/cob, cob
number-53414/ha, 1000-grain weight-227.3 g, grain number (240.6/cob), although
differences between primed and not primed treatments were not consistently
significant.
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For the two principal economic products of the maize crop, priming with water
alone increased grain yield by 14 percent and stover yield by 17 percent relative to
using non-primed seed [19]. In addition to hydro-priming, osmo-priming of seeds
(soaking seeds in osmoticals — Calcium chloride) also known to induce drought
tolerance in crop plants. Since calcium is most important element in plant during
stress or drought condition, has ability to change stomatal movement. Drought
resistance in plants can be induced by pre-sowing soaking of seeds with 0.25
percent solution of CaClz for 20 h and drying back to original moisture content
[20]. In sorghum (Sorghum bicolor), plants raised from seeds treated with 100 mg
per litre of solution of CaClz had increased plant height, chlorophyll content and
yield compared to plants raised from untreated seeds [21]. Seed treatment with
agro- chemicals (0.25%, CaClz 100 ppm) increased the plant height, LAI, LAD and
dry matter accumulation at different growth stages in finger millet [22]. Hardening
of seeds with 1 percent CaClz for six hours increases grain yield in finger millet
[23]. Among the different pre-sowing seed hardening treatments in wheat, seed
soaked in 2.5 percent CaClz produced significantly higher plant height (98.8 cm),
effective tillers per plant (3.16), effective fillers per m (85.3), ear head length (7.90
cm), spikelets per ear head (18.09), grains per ear head (32.8), test weight (38.4
g), grain yield per plant (3.16 g), grain yield per ha (64,014 kg), biomass yield
(16,465 kg ha'") and harvest index (38.58%) over control treatment [24]. In direct
seeded fine rice, osmo-hardening (CaCla) significantly recorded higher number of
tillers (684.7 m-2), number of panicles bearing fillers (545.7 m2), 1000-kernel
weight (17.00 g), straw yield (10.13 t ha-"), kemel yield (2.96 t ha"') compared to
hydro-priming and control treatments. However, plant height, number of branches
per panicle, number of kemels per panicle and harvest index were non-significant
between hydro-priming and osmo-hardening treatment [25].

On-farm seed priming

The phrase ‘on-farm seed priming’, coined by Harris et al. (1999). Although not a
new technique, on-farm seed priming has spread through participatory research.

In India and Zimbabwe Harris used participatory rural appraisal techniques to
identify poor crop establishment as a major constraint on rainfed crop production
by farmers. Almost 1250 on farm ftrials, considering the safe limits, were
implemented by farmers in India for maize and upland rice between 1995 and
1998 and 91 trials for maize and sorghum in Zimbabwe in 1997-98. In each frial,
farmers were asked to soak seeds overnight, surface dry it and sow in the normal
way in a plot next to a plot with dry seed. In these study areas the farmers in each
vilage evaluated the trials during farm walks and group discussions. Direct
benefits in all crops included: faster emergence, better, more uniform stands, less
need to re-sow, more vigorous plants, better drought tolerance, earlier flowering,
earlier harvest and higher grain yield. In recent years, priming has been tested in
over 1000 trials in India, Pakistan, Nepal, Bangladesh and Zimbabwe on a range
of crops, including maize (Zea mays), and sorghum (Sorghum bicolor (L.)
Moench) [26]. Fifty-three farmers tested maize-seed priming in the kharif season
in 1996 in tribal areas of Rajasthan, Gujarat and Madhya Pradesh; India [27]. In
the study area almost, all farmers thought that crops grown from primed seeds
grew more vigorously, flowered and matured earlier and produced bigger cobs
and higher yield than the crops grown from non-primed seeds. From 35 trials
conducted, it was concluded that a mean increase in cob weight of 6 percent in
maize. The farmers in the study area of seed priming reported that crops grown
from primed seeds grew more vigorously, tolerated dry spells better, flowered
earlier (typically 7-10 days) and matured earlier (8-10 days). In the similar way in
two similar series of on-farm trials of seed priming in maize, mean yield increases
of 6 percent (non-primed yield 4.4 Mg ha- and 33 percent (non-primed yield 3.1
Mg ha') were recorded [28]. In farmer managed trials across different sites,
priming led to a significant increase in maize grain yields by 105 kg ha' and 182
kg ha' higher than those from un-primed maize, a 14 percent increase during
1999-2000 and 2000-01, respectively [29]. The maize plants grown from primed
seeds were consistently larger and also flowered and matured earlier than maize
crop grown from non-primed seed. In addition, in six farmer implemented trials,
total biomass (10.81 t ha'), straw yield (7.49 t ha-1), cob yield (3.32 t ha""), grain
yield (2.74 t ha') of maize were significantly increased by priming with water
(hydro-priming) as compared to non-primed treatment. In Zimbabwe forty farmers

used primed sorghum seeds during the 1997 and 1998 season and most of the
farmers agreed that priming accelerated emergence and plants flowered and
matured earlier relative to that of sorghum grown from non-primed seeds [30]. On-
farm seed priming in most reported literature focused on hydro-priming, but there
are also reports on seed-priming using other media like osmoticals, microbial
inoculants etc. There is now increasing evidence that the beneficial microbial
populations can also enhance plant resistance to adverse water stress. Microbial
inoculants prepared from rhizobium, Azotobacter, Azospirillum and phosphate
solubilizing microorganisms are known to increase the yield of crops [31]. In
addition to this, vesicular arbuscular mycorrhizae (VAM) and Plant Growth
Promoting Rhizobacteria (PGPR) also play an important role in protecting the
crops from adverse environmental stress such as drought and are known to have
potential use in agriculture [32].

Effect of microbial inoculants on field performance of maize and sorghum
Growth and yield parameters

Microbial inoculants prepared from Azospirillum, Azotobacter, Trichoderma viride
and Phosphate-solubilizing microorganisms are known to exert beneficial effects
on plant growth [33]. In addition, the extra metrical fungal hyphae of VAM absorb
large amounts of water and nutrients for the host root [34]. Apart from this, there
are abundant microorganisms thriving in the rhizosphere soil [35] and are
generally referred to as Plant Growth Promoting Rhizobacteria (PGPR) and have
an impact on plant growth and development by facilitating the uptake of nutrients
from the environment [36]. Inoculation of maize crop with an active strain of
Azospirillum brasilense, a N2 fixing bacteria, has a beneficial effect on maize
vigour leading to increased chlorophyll content in plants and increased the shoot
dry matter production [37] and thus its effect on growth promotion of maize
seedling was found to be significant [38]. The maximum plant height of maize 102
cm was achieved with the treatment of Glomus intraradices [39]. Shoot dry weight
of sorghum increased significantly above non-inoculated control by 27 percent 2
weeks after emergence [40]. In addition, Azospirillum inoculation will improve the
physiological status of maize plant by ameliorating the harmful effects of water
short fall during the flowering period which will help in increase in grain production
[41]. Arbuscular mycorrhizal (AM) inoculated plants recorded higher shoot length
(137.78 + 7.80 to 138.13 £ 13.43 cm) and leaf number (12.00 + 0.00 to 15.00 £
0.00) as compared to uninoculated treatment at 75 DAS [42]. When sorghum and
maize plants were inoculated with Glomus fasciculatum there was increase in
shoot length (44.2 and 63.4 cm - maize, 50.6 and 72.3 cm - sorghum) at 30 and
60 DAS, respectively [43]. When maize plants were inoculated with VAM (Glomus
fasciculatum) there was increase in shoot length of 65.0 and 92.1 cm at 30 and 60
DAS, respectively. Pseudomonas fluorescens PS1A12, P. agglomerans strain
050309, strain 370320 and strain 020315 significantly increased shoot dry matter
of maize from 21 to 27 percent in Uzbekistan [44]. Apart from its effect on shoot
growth, microbial inoculants significantly affect the root growth of crops
understudy. Number of adventitious roots, the total adventitious root dry weight
and root length increased significantly above non-inoculated controls by 24, 37
and 41 percent respectively, 2 weeks after emergence of sorghum plant and
higher root dry weight of 0.26 g was recorded in maize upon inoculation with
Azospirillum KBC1 compared to control (0.21g) [45]. Azospirillum strain Sp6 1AA++
was found to enhance root length density especially in the arable layer (0-40 cm),
in which it was significantly higher (32%) than the non-inoculated control (2.55 vs.
1.93 cm c¢m?) in sorghum [46]. Inoculation with rhizosphere microorganisms
increased total root length (17%) and root length per unit root dry weight (35%)
[47]). AM inoculated plants recorded higher root length (22.62 + 0.86 cm) and root
dry weight (2.09 + 0.29 to 6.37 + 1.17 g) as compared to uninoculated treatment
at 75 DAS (Gupta et al.,, 2006). When maize plants were inoculated with VAM
(Glomus fasciculatum) there was increase in root length 74.0 and 44.2 cm and
root weight -18.6 and 18.9 g at 30 and 60 DAS, respectively. When sorghum and
maize plants were inoculated with Glomus fasciculatum there was increase in root
length (13.2 and 14.6 cm maize, 16.3 and 18.2 ¢cm -sorghum) and root weight (5.1
and5.4 g- maize, 5.2 and 6.3 g -sorghum) at 30 and 60 DAS, respectively. Upon
inoculation of maize with A. lipoferum CRT1, root biomass recorded were
1.1420.25, 1.39£045 1.48£0.07, 2.10+0.54, 2.93+0.88, 3.25£1.08 and
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5471043 g and root length recorded were 52+24.7, 165160.4, 406+69.4,
4071482.3, 659£68.5, 7982113.1 and 738+63.9 cm at 7, 10, 15, 20, 26, 30 and 35
DAS, respectively in France [48]. It was found that, world wide data accumulated
over 20 years of inoculation experiments with A. brasilense concluded that this
bacterium is capable of increasing the yield of agriculturally important crops in
different soil and climatic condition [49]. Upon inoculation of maize seeds with A.
brasilense, significant increase in maize productivity by 17 percent were noticed,
while maize cob length increased from 13.6 to 14.4 cm [50]. Seed inoculation with
either Azotobacter or Azospirillum produces higher grain, stover yield and yield
parameters in maize compared to control [51]. In India it was reported that seed
inoculation with Azofobacter strain No. 1 or Azospirillum significantly increased
grain and fodder yield of sorghum [52]. In contrast, there was no increase in grain
yield of maize (11,029 and 12,061 kg ha-*) and 1000-grain dry weight (217.59 and
224.94 g) when inoculated with A. brasilense SP 245 and A. irakense respectively
compared to control (11,395 kg ha-' and 221.80 g of grain yield and 1000-grain
dry weight respectively) [53]. Upon inoculation of sorghum with A. brasilense
strains such as SP245lacZ, SP6gusA and SP6IAA++ gus A, the grain yield
obtained were 7.58, 7.43 and 7.54 Mg ha-!, respectively compared to control (6.90
Mg ha'") in ltaly [54]. Percent root colonization of Vesicular Arbuscular Mycorrhizal
(VAM) fungi Vesicular Arbuscular Mycorrhizal colonization is known to have a
beneficial effect on plant growth. Many workers have linked this effect with the
ability of VAM to affect the water relations in plants. The proportional response of
maize to inoculation with VAM (Glomus fasciculatum) increased with increasing
drought stress. The percent root colonization of VAM found to be higher in
sorghum plants upon inoculation with Arbuscular Mycorrhizal (AM) fungi (37%)
compared to control (15%) [55]. Similarly, when maize plants inoculated with AM
fungi showed mycorrhization in their roots (5.67 to 84 %) whereas uninoculated
plants had no mycorrhization (0%) [56]. The VAM percentage infection levels were
29.2 and 52.2 percent and 68.0 and 60.8 percent in maize and; 19.0 and 58.2 in
sorghum at 30 and 60 DAS, respectively. The amount of extra radical hyphae
found in non-mycorrhizal soils was only 8 percent (0.10 + 0.003 m g) of the
amount found in mycorrhizal soil (1.30 £ 0.041 m g-*). The mycorrhizal inoculum
significantly increased the extent of AMF colonization of the root system (50 to
78%) compared to the uninoculated control treatments (10%) in China [57]. Given
the obligate biotrophism of AM fungi it is logical that root colonization of AM fungi
can be improved by the presence of certain microorganisms such as Azospirillum,
rhizobium, acetobacter, pseudomonas etc. VAM infection levels in sorghum were
significantly higher in plots where VAM was inoculated (42.5 and 47.4 in
treatments NP + Ab/R + Bm + VAM - 50% N & P + A. brasilense/ Rhizobium +
Bacillus megaterium var. Phosphaticum+ VAM and 10 FYM + Ab/R + Bm + VAM,
respectively) compared to those uninoculated with VAM (21%) [58]. Root
colonization (%) of VAM fungi was 80.8 and 85.1 during 1999 and 2000 in the
treatment which receives combined inoculation of A. brasilense, Bacillus
megaterium var. Phosphaticum (PSM) and Arbuscular mycorrhizal fungi (Glomus
fasciculatum) and it was 84.4 and 87.5-1999 and 2000, respectively in the
treatment which receives combined inoculation of microorganisms along with 5 Mg
of FYM compared to control (20.8 and 21.3% during 1999 and 2000, respectively)
[59].

Enzyme activity

Enzyme activities in the soils have been suggested as potential indicator of soil
quality. Dehydrogenase, urease and phosphatase are recognized as important
soil enzymes. The measurement of activities of these enzymes has often been
used as an index of microbial activity. Application of A. brasilense to maize plants
at an inoculum concentration of 107 colony forming units (CFU) per plant
increased the specific activity of the enzyme’s alcohol dehydrogenase, acid
phosphatases, glutamine synthetase, isocitrate dehydrogenase, malate
dehydrogenase, pyruvate kinase and shikimate dehydrogenase in root extracts in
Belgium. Increased activity of dehydrogenase was noticed in root cell when
inoculated with Azospirillum compared to uninoculated control plant. Application of
mixed inoculum (A. brasilense+ Bacillus megaterium var. Phosphaticum (PSM) +
Arbuscular mycorrhizal fungi (AMF)) increased the dehydrogenase activity by 79
percent [60]. Upon inoculation with phosphobacteria, in maize and sorghum the

phosphatase activity recorded was 24.57 and 32.38 micromoles g h'
respectively in Tamil Nadu (India)[61].

Conclusion
Seed priming is one of the low-cost technologies for combating the drought. It
helps in significant increase in yield in cereals. Under soil moisture stress seed
priming methods helped in maintaining higher plant water status thus helps to get
higher yield.

Application of Review: In the recent years due to aberrant weather condition the
yield levels of rainfed crops are decreasing and farmers are unable to manage the
drought situation. In this context, this paper helps the farming community to adopt
simple low-cost technology i.e., seed priming to combat drought.

Review Category: On-farm seed priming, microbial inoculants

Abbreviations: CO2: Carbon Di-oxide, DAS: Days After Sowing, h: Hour, %:
percent, Mg: Mega gram, ha: hectare, CaClz; Calcium Chloride, AMF: Arbuscular
mycorrhizal fungi , CFU: colony forming units, FYM: Farm Yard Manure, N:
Nitrogen, P: Phosphorous, ppm: Parts Per Million, LAI: Leaf Area Index, LAD: Leaf
Area Duration, cm3; cubic centimetre, kg-kilogram, m2; Square meter, t; ton, VAM:
Vesicular Arbuscular Mycorrhizal fungi , PGPR: Plant Growth Promoting
Rhizobacteria, AM: Arbuscular Mycorrhizal Fungi, NAA: Naphthaleneacetic Acid,
KNOs: Potassium Nitrate
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