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ABSTRACT

Field experiments, aimed at minimizing the crop-weeompetition in upland rice using non-chemical
(seed invigoration) weed management practices, warged out for two consecutive years during wedsen at the
research farm of Central Rainfed Upland Rice Re$e8tation, Hazaribag, Jharkhand, India. Seed amatgpn involved
three thermal hardening (seeds subject to altertegperatures; 43/28, 39/28, 35)28 two hormonal priming
(50 and 100 ppm G# one nutrient priming (K-salt solution @ 4%) armhe hydro priming treatment
(wetting and drying).Untreated seeds were uselarcontrol treatment for making comparison withre$aid invigoration
treatments. Two weed regimes were single and twal eeeding. Supplementary laboratory and tray etugiere also
carried out to optimize the seed treatments antbborate the findings related to growth and vigbtained from field
experiments. Results revealed that thermal hardeaittained subjecting seed to alternate tempemat(#8/28C),
seed priming, and hormonal priming with 100 ppm;@~oved better in weed suppression and producdtehigrain yield
than untreated seeds. Furthermore, integratiorppfiGation of hormonal priming using GA@100 ppm with thermal
hardening improved rice productivity by influenciggowth and yield attributes of rice and reducing tveed pressure due
to improved crop-competitive ability Combining se&datment with effective weed management provectessful

approach for improving rice productivity.
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INTRODUCTION

Rain fed rice is grown on 18 million hectares irsteen India. The weeds and drought constitute ‘fiet
stratum” of technical constraints (Namuco et 2009). A major portion of upland rice area (6.1%ion hectare) in India
is concentrated in the eastern states of Orissakldand, West Bengal and Assam besides North easttes. Weeds are
estimated to reduce rice grain yields worldwide11®¢6, and losses are considered greatest in raicrfgas, in which

farmers are less able to manage water to suppesd growth (Oerke et al., 1994; Rao et al., 2007).

Improving the ability of rice to sustain yields gés competition with weeds could have a substhitipact on
reducing crop losses, particularly for those fasnith few resources and for whom the alternatiaes scarce
(Johnson et al., 1998). In direct-seeded systeigsraus early growth of rice is considered to betipalarly important,

as weeds are a serious problem (Fukai, 2002; Widawad O’ Toole, 1996), and seedling vigor is offiehe major
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26 C. V. Singh, B.C. Ghosh & K. Singh

determinants for successful crop establishmentrigle al., 2005).

Weeds reduce both the grain yield and quality ddngh rice and estimates of yield losses by weedspiand rice
range from 30 to 100 percent. Although variouswalt practices in upland rice production system rbayadopted to
minimize the weed infestation, each has its own itsieand demerits. Conventional methods of weed robnt
(manual and mechanical methods) are weather depermbstly and labor intensive. Some of the hedaisiare found to
be very effective but indiscriminate use of chensica may pose environmental problems
(Cheema and Khaliq, 2000).Hence, integration ofover weed control measures will help not only miring the use of

herbicides but also optimizing economic returnth&grower.

Uneven crop stand provides less competition to wemanpared to good crop stand and hence, ensuoiogd g
population through better land preparation and afsdifferent approaches viz., seed treatment witfeigence/growth
stimulants, pre-heat treatment, soaking and drgfreeed etc. may help in minimizing density andhiiss of the weeds in
the fields. Ready and uniform germination of creeds and their development into vigorous crop segslleaves less

space for the weeds to grow amongst the crop plants

Seed soaking, sometimes followed by dehydratiorse#ds, has been demonstrated to improve subsequent
germination of numerous vegetable seeds, espediatlgr suboptimal conditions (Muhyaddin and Weib89], Bradford
1986). Primed seeds usually exhibit an increasechigation rate, greater germination uniformity, aatltimes, greater
total germination percentage (BastaAl., 2005). Du and Tuong (2002) concluded that, whea was seeded in very dry
soil (near the wilting point), priming further irmsed plant density, tiller number, and grain yiéhttorporating plant
growth regulators as part of presoaking, primingl ather presowing treatments of many crops resuftémproved seed
performance (Miyoshi and Sato, 1997). Since infdiomaavailable on means of promoting early vigoruipland rice
cultivars is scarce, field experiments and supplearg laboratory and net house studies were caoigdto evaluate
selective crop stimulation by various seed treatnmeethods. Their integration under different weefluither with the

weed management practices.
MATERIALS AND METHODS

Field experiments, along with supplementary expenits (Lab/Tray studies), were conducted for twosecntive
years at the research farm of the Central Rainfpthiidl Rice Research Station, Hazaribag (23°56'4BitNude and
85°21'46"E longitude), India under rainfed condigoThe soil of the experimental site was red wih silty loam texture
having pH 5.2, organic carbon 0.36%, available R 34y ha and K 346 kg haThe climate of the location may be
characterized as warm and sub-humid. The averaggahrainfall of 1215 mm is received mostly (ab8&#6) from South
West monsoon during June to October. The mean mamitemperature varied between 28C7 (January) and 38.%C
(May) while the mean minimum temperature fluctugbetiveen 5.2C (January) and 23% (July). The mean maximum
relative humidity varied from 45.5 percent (Aprit) 89.3 percent (August), while the mean minimumatige humidity
varied between 21.4 percent (April) and 84.8 pert ¢Adugust). Number of wet days varied from 53 ® days a year

during cropping seasons of experimentation.

Supplementary laboratory and potstudies were cdaduo optimize the pre-sowing seed treatmentsysigdhe
effect of different cycles and periods of soakiegd along with other invigoration techniques likettimg and drying

(water priming), thermal hardening, hormone andrienot priming on seed leachates, germination amtly egowth
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parameters. Untreated seeds were used as control.

After treatment, seeds were given three washingis @istilled water and re-dried near to originaligtd with
forced air under the shade for 48 h. These seeds tien sealed in the polythene bag and storedfiigerator at %

before the use.

Seed priming (hydro priming), where seeds were asbak water for 12 hours, thereafter dried underdshto
attain original seed moisture. Nutrient primingdhxed soaking seeds in K-salt solution (4%) forHdurs followed by
drying under shade. Hormone priming, where seeds weaked in gibberellic acid solution at two corcations
(50 and 100 ppm) for 12 hours, soaking was followgdirying under shade. In case of thermal hardemniith alternate
temperatures, seeds were subject to three cycld$ @nd 8 hours alternate high and low temperatyode at three
temperature ranges viz., 43/28 °C, 39/28 °C an®&5/C as per treatment in the oven. During secoedr yof
experimentation, treatment involving thermal hardgrwith 35/28 °C was discontinued due to poor @enance in the
first year and replaced by treatment integratingrtame priming with GAat 100 ppm and thermal hardening (43/28 °C)
in such a manner that later followed the formeatimeent. There were sixteen treatment combinationsisting of eight
seed treatments and two weed control treatmentsdiveheck and 2HW) which were assigned in randainczemplete
block design and replicated three times. Sowing daee during the third week of June using a setlaf75 kg h# of
rice. Laboratory and pot studies were also carogdsimultaneously to optimize pre-sowing seedtineat and provide

logical support to results obtained from field expeents.

Calculations for germination related parametersewmade using standard procedures as describedripuya
researchers. Electrical conductivity of seed leteshavas estimated by soaking 5 g seeds in 5 memhized water at
25°C. The EC was measured by a conductivity meter fT@one Conductivity meter, Kyoto, Japan) and exy@esas
puS/cm/g. All data were subject to analysis of vas@as per the standard procedure and least sgmifdifference values

were calculated at 5% significance level wherekierR-ratio was found to be significant.

RESULTS AND DISCUSSIONS
Seed Vigor

Laboratory and pot studies optimization of presgnseed treatments provided evidences of early esneegof
seed from lower T50 and MET values in treated sé&dbsle 1). Higher germination index and germinatémergy were
recorded in treated then untreated seeds. Earlytigrof seedling was more in treated seeds bothhorhatory as well as
pot studies as exhibited by radicle and plumulagtienrand weight of seedlings. Final emergence péress also
substantially more in treated compared to untreatstls (Table 2).Early emergence as indicatedvegrld 50 and MET
in treated seeds may be due to the faster produofiggermination metabolites (Basgh al., 2005; Lee and Kim 2000;
Sahat. al., 1990;) and better genetic repair, i.e. earlier faister synthesis of DNA, RNA and proteins (Behyal.,1989).

Electrical conductivity of seed leachates is arrawt indication of seed vigor. Higher vigor sepdssess low EC
of seed leachates. Figurel shows the lower ECexf Emachates for the pre-sowing seed treatmentd @&dn indication
of better membrane repair during controlled hydratiPriming treatments resulted in lower EC of skaghates mainly
due to improved membrane integrity in treated seexiseported by Rudrapal and Nakamura (1988) fgplagt and
radish, Basrat. al.,(2002) for wheat and Basea al.,(2003) and, Farooe. al.,(2005) for rice.
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Crop Growth

Data collected from field experiments indicatedragpessive increase in plant height with the adearent of
age reaching its peak at maturity. It was obsethiatithe plant height at all the crop growth stagas significantly higher
with seeds pre-treated with GAt either 50 or 100 ppm (Figure 2 &3). Howevereatly stage, thermal hardening along
with priming with GA and also hardening by wetting and drying also #@tbwignificant increase in plant height.
Weed control with 2HW has shown significant inceghs plant height at all growth stages excepiOaDAS as compared
to weedy check. Seed priming with water (SP) aredrtial hardening (TH-43/28) showed significant ilase in plant
height at early growth stage. This effect of prigimas substantiated by laboratory and pot studiaisi¢ 4 & 5).

Crop biomass was significantly affected by diffdreseed treatments at all growth stages in both syear
(Figure. 4 & 5). There was a progressive increasgdp biomass with advancement of crop age in twhyears. In first
year, hormonal priming using GA100 (HP-GA100) preglh maximum biomass of the crop at 60 DAS and atelsa
At 20 DAS, the maximum biomass was recorded witimpd seeds (PS) whereas biomass was highest vétmah
hardening with alternate temperatures of 43Q&TH-43/28) at 40 DAS during the first year. GAl@@orded maximum
crop biomass at all stages in second year. Weeadiient did not influence crop biomass at 20 DA®ath the years.

However, it differed significantly more in 2HW thareedy check at all growth stages in both years.
Weed Intensity and Biomass

Both the weed population as well as biomass, atdstirwere substantially less in plots where sepdias done
using seeds treated using invigoration techniqueb as seed hardening, nutrient priming with KGQl Aormonal priming
with GAs(Table 3). Although thermal hardening treatmentld¢auwt differ from untreated treatment during fisstar,
combining thermal hardening and seed priming wil @0 showed significant reduction in dry matter.eédpected, weed
biomass was reduced significantly in plots weedddet in 2HW treatment compared to weedy check. mboth years
of experimentation, a continuous increase in dnttenaaccumulation by weeds throughout the croppagson was
observed as evident from Figure 6 & 7.

Different seed treatments achieved 6.5 — 21.6 pergeed control efficiency in first year and 9.428.1 percent
in second year over untreated seeds. Weed populasovell as weed biomass was significantly ledsaatest in plots
seeded using primed seeds. In first year of exmariation, seed hardening with wetting and dryingedéds (SP), and
priming with nutrient (NP-KCL) or hormone (HP-GAID®@educed both weed population as well as weed &ssm
substantially. Combining thermal hardening (TH-&}/@ith hormone priming (HP-GA100) caused significaeduction
in weed biomass. Weed control efficiency achievediifferent seed treatment techniques ranged frér®21.6% in I
year and 9.4 to 29.5% iH%year. Among weed control regimes, 2HW achieved &Bd 63% weed control efficiency in
first and second year, respectively over weedykhec

Yield and Yield Attributes

Yield contributing characters were influenced bgdséreatment. Different yield components and o#tssociated
character like panicle/mgrains/panicle and 1000 grain weight and lendtbamicle are presented in Table 2. The number
of panicle /m was found to be significantly higher in seedstedanith 100 ppm GAduring first year and GAKCL and
thermal hardening with GAduring second year. Different seed treatmentsndidshow any significant variation in 1000

grain weight in both the years. The length of plenieas significantly higher in all treated thanneated seeds during first
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year of experimentation and seed treated with coatluin of thermal and GAand GA alone at 100 ppm. In weed

management practices, all the yield attributes gxt@00 grain weight were significantly superiomteedy treatment.

The effect of seed treatment on grain yield wasengypnounced when seed was treated following seeadng
with either water, KCL or by thermal hardening ajowith GAs. Maximum increase of 0.37 t/ ha (average of 2 gjear
in grain yield was obtained in case of seed primiiiin GAz at 100 ppm. Combining thermal hardening (43/28 W@
100 ppm GA resulted in highest productivity of rice duringcead year. Different seed treatments had positifexts on

the straw yield as evident from increase in straidyin both the years of experimentation.

The highest straw yield was achieved with GA100irdufirst year and with GA100 followed by TH-43/28
second year. Both grain and straw yields were aunlistly increased by 2HW treatment over weedy khacboth the
years, Interactions among different seed and wesdnents were found to be non-significant in bbthyears. Positive
correlation values were noted between tillers araingyield and negative correlation between tillaral weed biomass
(Table 3).

CONCLUSIONS

Rice seeds primed using seed hardening techniquevdttyng and drying seeds simply either with waber
priming with nutrient (NP-KCI), hormone (GA100) waith combined application of thermal hardening (#8i28) fb HP
GA100 produced higher grain yield than untreateedsebesides reducing weed pressure by producing orop dry
matter to improve crop-competitive ability. Comlmigiseed treatment with effective weed managemewieprsuccessful

approach for improving rice productivity.
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APPENDICES

Table 1: Germination and Early Growth of Rice as Irfluenced by Seed Hardening

Radicle Plumule
Treatment Cycle 150 LS FGP (%) | GI | GE (%) | Length Length
(days) (days)
(mm) (mm)
Untreated Seed 1.52 3.16 67.4 21.0 76)4 42|16 44,
Seed hardening 12 h 1 cycle 1.42 2.75 96.b 254 1 94. 535 55.6
Seed hardening 12 h 2 cycle 1.36 2.68 98.D 26.7 6 96. 52.8 58.2
Seed hardening 12 h 3 cycle 1.22 2.66 99.b 28.2 194. 54.7 54.4
Seed hardening 24 h 1 cycle 1.32 2.26 97.4 26.6 2 94. 56.7 57.8
Seed hardening 24 h 2 cycle 1.26 2.16 100}0 9.4 9 8 58.4 56.2
Seed hardening 24 h 3 cycle 1.34 2.65 98.77 28.2 4 90. 52.8 54.5
LSD (p=0.05) | 0.20 0.60 8.6 4.1 3.6 6.4 4.4

index,

GE=

T50=Time to 50% germination, MGT=Mean germinationg, FGP=Final germination percent, GI=Germination

Germination energy
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Table 2: Rice Emergence and Early Growth as Influeced by Seed Hardening

31

MET Root length Shoot Seedling Fresh Seedling Dry
LEEHIEL Sk (days) (cm) length (cm) Weight (mg) Weight (mg) PEREY

Untreated Seed 6.70 38.3 44.9 22.7 4.67 69.5
Seed hardening 12 h 1 cycle 5.50 46.4 55.1 33.6 6 7.5 88.3
Seed hardening 12 h 2 cycle 5.20 44.8 56.2 37.4 4 8.2 90.4
Seed hardening 12 h 3 cycle 4.80 47.6 57.3 34.9 6 7.6 85.5
Seed hardening 24 h 1 cycle 5.15 48.2 56.1 41.1 7 8.5 87.8
Seed hardening 24 h 2 cycle 5.09 47.5 55.9 39.6 2 84 94.1
Seed hardening 24 h 3 cycle 4.86 46.6 56.8 37.4 2 8.2 92.6
LSD (p=0.05) 0.90 4.4 8.2 7.2 2.3 124

MGT=Mean germination time, FEP=Final emergence gx@rc

Table 3: Weed Dry Matter, Intensity and Floristic Composition as Affected by
Different Seed Treatments and Weed Management Praces at Harvest

Weed Intensity (no./nf) Weed Dry Matter (g/m?) Weed Control Efficiency (%)
Treatment
Year-| Year-Il Year-| Year-Il Year-| Year-Il
Invigoration Technigues
us 223 261 166.3 190.6 - -
SP 191 236 136.8 158.8 17.7 16.7
NP - KCI 197 232 138.6 156.6 16.7 17.8
HP-GA50 185 214 132.6 144.6 20.3 24.1
HP-GA100 183 220 130.3 134.3 21.6 29.5
TH - 43/28 207 246 148.7 168.4 10.6 11.6
TH - 39/28 218 252 150.6 172.6 9.4 9.4
TH - 35/28 (Year-1); HP-GA100 fb TH - 43/28 291 216 1555 146.5 6.5 231
(Year-1)
LSD (p=0.05) 18 18 24.6 28 - -
Weed regimes
wC 317 342 229.3 239.3 - -
2HW 89 128 60.4 87.1 73.7 63.6
LSD (p=0.05) 29 26 38.4 38.4 - -
US = Untreated seed, SP = Seed Priming, NP = MaitAieming, HP = Hormonal Priming,
TH = Thermal Hardening with alternate temperatu@s = GA3, WC = Weedy Check, HW = Hand weeding
Table 4: Yield and Yield Attributes of Upland Riceas Affected by
Different Techniques of Seed Treatment and Weed Camol Methods
Grain Yield | Straw Yield Panicles Spikelets Percent Sterile Weight Lengthpanicle
Treatment (thal) (tha?) (no. m?) (no. Panicle) Spikelets Panicle(g) 1{cm)

Yr.1 | ¥r.2 | ¥rl | Yr.2 Yr.1 | Yr.2 | Yrl | Yr.2 Yr.1 | Yr.2 Yr.1 ‘ ¥r.2 | ¥rl | Yr.2
Invigoration techniques
Us 106 | 109 | 141 [ 150 167 165 77 78 322 29 4 174 [ 186 | 177 18.0
SP 1.18 | 138 | 186 [ 1.93 192 197 30 79 30.5 26.8 186 | 200 | 183 18.9
NP-KCl 1.18 1.36 1.76 1.74 192 192 79 81 279 24.0 1.92 2.06 18.8 18.4
HP-GAS0 125 [ 139 | 198 [ 223 201 195 83 84 280 230 195 | 208 | 190 186
HP-GA100 1.35 1.53 224 2.39 212 201 84 89 269 227 2.07 2.14 19.2 19.1
TH - 43/28 1.25 133 1.85 1.90 181 184 82 83 28.8 249 1.96 2.02 18.7 18.2
TH - 39/28 116 | 127 | 178 [ 179 174 175 79 79 308 270 185 | 191 | 184 18.0
TH - 35/28 (Year-I); HP-GA100
b TH —43.-'28(}:{&3})1-1) 1.09 1.69 1.46 2.59 167 202 77 87 30.7 236 1.78 2.14 18.0 10.0
LSD (p=003) 016 | 026 [ 025 | 044 35 23 3 2 15 22 006 | 020 | 04 08§
Weed regimes
WC 0.60 0.64 0.89 0.97 108 110 66 67 29.6 54 1.75 8 17.6 16.9
2HW 078 | 211 | 268 | 305 263 267 94 98 293 249 205 | 221 | 194 201
LSD (p=0.05) 0.32 0.56 0.41 0.83 33 48 9 2 ns ns 0.22 2 12 28

US = Untreated seed, SP = Seed Priming, NP = MatAeming, HP = Hormonal Priming, Yr. = Year,

TH = Thermal Hardening with alternate temperatu@s= GA3, WC = Weedy Check, HW = Hand weeding
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Table 5: Correlation of Certain Parameters with Grain Yield and Weed Biomas

Particulars Correlation Coefficient "r"
Year | Year Il

Grain yield vs tillers /r* 0.709* 0.642
Grain yield vs panicles/ 0.791* 0.692
Grain yield vs no. of grains/panic 0.792* 0.807*
Grain yield vs test weig 0.689* 0.891**
Grain yield vs weebiomass at 20 DAS -0.802* -0.719*
Grain yield vs weed biomass at 40 C -0.846* -0.815*
Weed biomass at 20 DAS vs plant height at 20 -0.765* -0.821*
Weed biomass at 40 DAS vs plant height at 20 -0.828* -0.921**
Weed biomass at 20 DAS vs crtbiomass at 20 DAS$ -0.782* -0.817*
Weed biomass at 40 DAS vs crop biomass at 40 -0.824* -0.932**
Weed biomass at 60 DAS vs tiller? -0.782* -0.816*
Weed biomass at 60 DAS vs panicl® -0.909** -0.822*
*Sgnificant at 5 per cent level, ** Sgnificant at 1 per cent level
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Different Seed and Weed Management Practice Year-Il)
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Figure 4: Crop Biomass(g m®) at Different Crop Stages a#\ffected by
Different Seed and Weed ManagemerPractices (Year-l)
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Figure 5: Crop Biomass(g m) at Different Crop Stages as Affected br
Different Seed and Weed Management Practices (Ye-Il)
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Figure 6: Weed Biomass at Different Crop Stages asfected by
Different Seed and Weed Management Practices (Yedi)
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Figure 7: Weed Biomass (g M) at Different Crop stages as Affected by
Different Seed and Weed Management Practices (Yedlj-

Impact Factor (JCC): 3.2816 NAAS Ratj 3.73



