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Abstract

Weeds are stringent biological constraint to direct seeded rice (DSR) growth and yield. Cultural practices alter patterns of crop
growth and can modify dynamics of weed-crop competition, and hence need to be investigated as a tool for sustainable weed
management in DSR. Field studies were carried out during summer 2010 and 2011 to explore the growth response of DSR to
different tillage systems, sowing times and durations of weed competition. A commonly grown rice cultivar, Super Basmati
was sown on 15" June and 7" July under zero (ZT) and conventional tillage (CT) and was subjected to different durations of
weed competition (10, 20, 30, 40, 50 DAS and season long competition). Weed free plots were maintained under each tillage
system and sowing time for comparison. Crop growth rate and dry matter accumulation by DSR varied significantly under
tillage systems, sowing times, duration of weed competitions, and their interactive effect. During 2010, season long weed free
plots sown under CT on 15" June recorded significantly higher CGR that was statistically similar with ZT under same sowing
time and 7" July under CT. Under weed competition beyond 20 DAS, June planted crop had a distinct competitive advantage
by maintaining higher CGR than July sowing in 2011. Increasing duration of weed duration diminished CGR and under
season long weed competition, CGR did not vary significantly between sowing times. Crop growth rate showed temporal
differences among treatments and maximum CGR under both tillage systems was observed between 80-95 DAS for crop
sown in June whereas DSR crop sown in July achieved maximum crop growth 65-80 DAS-a period coinciding with anthesis.
Season long weed free plots sown on 15" June had 9 and 13% more dry matter under ZT and CT, respectively than July
sowing. ZT plots subjected to season long weed competition had 81 and 69% less dry matter when sown on 15" June and 7"
July, respectively. Corresponding reduction in dry matter under CT was 66 and 76%. A DSR crop should preferably be sown
under CT in June and weeds must be controlled before 20 DAS to avoid growth reduction. © 2015 Friends Science Publishers
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Introduction

Direct seeding of rice is a potential alternative to reduce
huge water and labor inputs, methane emission, time and
edaphic conflict related with conventional transplanted rice
in the rice-wheat cropping system. However, weeds are the
most severe biological constraints to direct seeded rice
(DSR) cultures (Rao et al., 2007). More than 50 weed
species are reported to cause yield losses in DSR (Rao et al.,
2007) that range between 30 to 98% (Oerke and Dehne,
2004; Gowda et al., 2009; Khaliq et al., 2012a,b). Weeds
and weed competition are dynamic in their characteristics
and changes with resource availability and acquisition
pattern. Any modification in cultural practices in rice has
ecological implications and plays a decisive role for rice-
weed competition. The enormous yield losses caused by
weeds imply that significant room exists for yield
improvement through effective manipulation of cultural
practices.

Depending upon the production system, DSR can be
sown into a prepared seed bed or under zero tillage
(Chauhan, 2012). Soil cultivation influences the vertical
distribution of weed seeds in the soil profile that affects
seedling establishment through modification of factors as
seed dormancy, longevity and predation, and seedling
emergence from a given depth (Chauhan and Johnson,
2010). The influence of tillage on weed suppression has
been noticed for some species. However, studies on the
impact of tillage on crop growth and development under
different durations of weed competition are lacking. Among
the agronomic factors influencing weed dynamics and
weed-rice interference, the sowing date is of immense
importance. Selection of an appropriate planting time might
reduce the requirement of crop protection measures, and can
be manipulated to regulate floristic composition of weeds
under field conditions (Kobayashi and Oyanagi, 2006;
Jadhav, 2013). Delay in planting often reduces weed burden
and has been effectively demonstrated for crops like
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soybean and maize (Buhler and Gunsolus, 1996; Williams,
2006). Contrarily, delayed sowing of rice was associated
with increased weed burden (Brar and Bhullar, 2013;
Jadhav, 2013). Moreover, in field crops a yield penalty is
also observed when the planting is delayed beyond an
optimum time (Ortiz-Monasterio et al., 1994). The tradeoff
between weed suppression and crop yield reduction needs
to be emphasized while using sowing time as a tool for
weed management.

Knowledge of crop growth and development seems
indispensable to understand mechanism of yield formation
and its prediction under any set of cultural practices. An in-
depth knowledge about the factors regulating growth and
development of DSR that make bases for crop-weed
interactions is essential in devising an effective strategy for
weed management. Assessing the impact of weed
competition on rice growth requires description of patterns
of dry matter accumulation as a reflection of the success in
capturing growth resources.

Tillage and sowing time may play pivotal role in
determining the competitive outcome of rice-weed
interactions; however, combined influence of these factors
on growth and dry matter accumulation of DSR crop have
not been explored earlier. Previous studies considered rice
growth and development in response to stature and maturity
group (Bufogle Jr. et al., 1997), conservation tillage (Shi-
ping et al., 2007; Dong et al., 2010), planting methods
(Chen et al., 2012) and nitrogen application (Rehman et al.,
2013). We hypothesized that patterns of crop growth and
dry matter accumulation may vary in response to cultural
practices and weed pressure due to differences in relative
importance of inter- and intra-specific competition. The
assessment of the impact of tillage systems and sowing
times in conjunction with different durations of weed
competition in DSR would yield crucial information to
abridge the existing knowledge gap. Present study was,
therefore, undertaken to ascertain the growth response of
DSR towards different tillage systems, sowing times and
durations of weed competition, and establish its relationship
with weed biomass and grain yield.

Materials and Methods
Site Description

The proposed study was conducted at Agronomic Research
Farm, University of Agriculture Faisalabad, (31.25° N,
73.09° E, 184 m a.s.l.). Soil of experimental site belongs to
Lyallpur soil series (Aridisol-fine-silty, mixed, hyperthermic
Ustalfic, Haplargid in USDA classification and Haplic
Yermosols in FAO classification, Cheema and Khalig,
2000). The pH of saturated soil paste was 7.7 and total
soluble salts were 0.79 dS m™. Organic matter, total
nitrogen, available phosphorus, and potassium were 0.74%,
0.055%, 7.1 ppm, and 183 ppm, respectively. Due to high
evapotranspiration, Faisalabad features an arid climate with
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mean annual rainfall of about 200 mm. The meteorological
data during the course of crop growth were obtained from
AgroMet Observatory, Department of Crop Physiology, and
are presented in Fig. 1.

Experimentation

Experiments were conducted during summer 2010 and 2011
and comprised of three factors (1) tillage (T) systems as zero
tillage (ZT) and conventional tillage (CT), (2) sowing times
(ST) as 15" June and 7™ July, and (3) durations of weed
competition (WC) — 20, 30, 40, 50 days after sowing
(DAS). Season long weed competition (weedy check) and
weed free plots were maintained for comparison. Under
field, CT was accomplished by cultivating the soil with a
disc plow and then cultivating thrice with a tractor mounted
cultivator followed by planking each time. ZT was
performed using a single row hand drill into undisturbed
seed bed in a single pass operation. A randomized complete
block design (RCBD) with split-split arrangement
employing three replications was used. Tillage systems were
kept in main plots, while sowing times and durations of
weed competition were assigned to sub- and sub-sub-plots,
respectively. The net plot size was 7 m x 2.2 m. In all there
were 72 experimental units during both the years. The
previous crop was wheat which followed the same tillage
practices as for next rice. Glyphosate (Roundup, Monsanto
Agritech, Pakistan) was applied in ZT plots 20 days before
sowing to curtail established weeds that were eradicated
through cultivation in CT. Seed of popular rice cv. Super
basmati was obtained from Rice Research Institute, Kala
Shah Kaku, Sheikhupura. A soaking irrigation (10 cm) was
applied 7 days before rice planting to soften the ZT plots
and also helped seed bed preparation in CT plots. A basal
fertilizer dose of 114 kg N, 65 kg P,Os and 50 kg K,O ha™
was applied in the form of urea (46% N), diammonium
phosphate (18% N, 46% P,0s) and sulphate of potash (50%
K,0). The whole phosphorus and potassium and one third
of nitrogen (38 kg) were applied at the time of sowing. The
remaining (76 kg) nitrogen was top dressed in two equal
splits at tillering (30 days after sowing; DAS) and panicle
initiation (65 DAS). Crop was sown on respective sowing
times during both the years at seeding rate of 50 kg ha™ with
single row hand drill in 20 cm spaced rows. The first
irrigation (3 acre-inch) was applied 5 DAS. The crop was
irrigated subsequently as and when needed. There was no
water ponding at any stage and hence complete aerobic
conditions prevailed throughout the growing season.
Irrigation was skipped if there was effective rainfall at any
time. In all, 14 irrigations were applied to the crop sown on
15" June and 12 for sown on 7" July. To safeguard the crop
against insect pests, carbofuron (Furadan 3G) at 22.5 kg ha™
was used as a sand mixture just after irrigation at 60 DAS.
For paddy blast (Pyricularia oryzae), Topsin-M 70WP
(thiophenate methyl) was used twice at 1250 g ha™ prior to
panicle initiation and at 14 days after panicle initiation.
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Fig. 1: Weekly average weather conditions during the crop growing seasons of 2010 and 2011

Data Collection and Statistical Analyses

A random sample of 50 x 20 cm (0.10 m?) was harvested at
fortnightly interval starting from 50 DAS till 125 DAS. The
above-ground material at each harvest was air- and then
oven- dried at 70°C for 72 h till a constant dry biomass.
Sample dry biomass was determined and converted into m™.
Crop growth rate expressed as rate of dry matter
accumulation per unit area and time was calculated as per
Hunt (1978).

_ (W 2 'Wl)
T (t,et)

Where, W, and W, are dry biomass of samples
harvested at times t; and t,, respectively. Mean CGR was
computed by dividing total dry matter obtained at final
harvest by time elapsed between first and last sample
harvest.

The data collected were subjected to Fisher’s analysis
of variance and Tukey’s honest significance difference
(HSD) test at P<0.05 was employed to compare treatments’
means (Statistix 8.1, Analytical software, Statistix;
Tallahassee, Florida, USA, 1985-2003). Statistical analyses
revealed that year effect was significant and hence, data
are presented separately for two years. Graphical
representation of the data were carried out using MS-
Excel (Microsoft Corporation, USA) and regression
analyses were done to ascertain relationship among
different variables.

CGR

43

Results
Crop Growth Rate

Crop growth rate of DSR was affected by tillage systems,
sowing times, duration of weed competitions, and their
interaction (Table 1). During 2010, mean crop growth rate
of DSR under different durations of weed competition
varied as a function of tillage system and sowing time and
showed a significant TxSTXxWC interaction. Season long
weed free plots under CT sown on either time or under ZT
sown on 15" June recorded significantly highest and similar
CGR. Nevertheless, weed free plots of ZT sown at 7" July
had significantly lower CGR (Table 1). Increasing duration
of weed competition diminished CGR and such a reduction
was more pronounced for ZT plots sown on 7" July
especially for weed competition duration between 20 to 30
DAS. However, season long weed free plots of ZT sown on
15" June had CGR similar with weed competition durations
of 20 to 40 DAS. Weed competition beyond this period
inflicted a decline in CGR. During 2011, main effect of
sowing time and duration of weed competition as well as
their interaction was significant. A significant STxWC
interaction suggested that under weed free conditions and
competition till 20 DAS, crop sown on 15" June had similar
CGR as observed for crop sown on 7" July (Table 1). For a
further increase in duration of weed competition (up to 50
DAS), crop sown on 7" July had significantly lower CGR.
Nevertheless, under season long weed competition, CGR
was not significantly different irrespective of sowing time.
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Table 1: Interactive effect of different tillage systems, sowing time and weed competition durations on mean crop growth
rate (g m™>day™) of direct seeded fine rice

2010 2011
Tillage systems x Sowing time x Weed competition durations Sowing time x Weed competition durations
7T CT
15" June 7" July 15" June 7" July Mean (WC) 15" June 7" July Mean (WC)
WEFs. 12.26 ab 11.10cd 1248 a 11.63 abc 11.87 10.89 ab 11.55a 11.22

WCy 12.41 ab (1.22) 10.34 def (-6.85) 11.19¢cd (-10.34) 11.48bc (-1.29) 11.36 (-4.30) 10.85ab (-0.37) 11.09 ab (-3.98) 10.97 (-2.23)
WGy 1248 a(1.79) 9.67 f-1(-12.88) 10.27 d-g(-17.71) 10.90 cde (-6.28) 10.83 (-8.76) 10.67 a-c (-2.02) 9.10de (-21.21) 9.89 (-11.85)
WCy 11.75 abc (-4.16)) 991 fgh (-10.72) 9.24 hij (-25.96) 10.16e-h (-12.64) 10.27 (-13.48) 10.35bc (-4.96) 8.10e(-29.87) 9.23 (-17.74)
WCs 9.71 £-h (-20.80)  8.751j(-21.17) 8.64j(-30.77)  9.33 g-j(-19.78) 9.11(-23.25) 9.59c¢d (11.94) 6.77f(-41.39) 8.18 (-27.09)
WCs 2.511(-79.53) 3.24k1(-70.81) 3.74k(-70.03) 3.101(-73.34)  3.15(-73.46) 4.59g(-57.85) 3.51g(-69.61) 4.05 (-63.90)
Mean (ST) 10.19 8.84 9.26 9.43 9.49 8.36

Mean (T) 9.51 9.35

SL: season long. Interaction means not sharing a letter in common differ significantly at 5% probability level by Tukey’s HSD test. Values in parenthesis
denote percent reduction over season long weed free plots

Tillage systems x Sowing time x Weed competition durations psp<o.0s= 0.940 (2010) and non-significant (2011)

Sowing time x Weed competition durations psp<s= non-significant (2010) and 1.191 (2011)
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Fig. 2: Influence of different tillage systems at different sowing times on crop growth rate of dry seeded fine rice subjected
to different durations of weed competition during (a) 2010 and (b) 2011. Vertical bars above mean denote standard errors of
three replicates
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During 2011, when weeds were allowed to compete beyond
20 DAS, June planted crop had a distinct competitive
advantage by maintaining higher CGR than July sowing
(Table 1).

Periodic crop growth rate showed temporal increase
and maximum values were observed between 80-95 DAS
for crop sown in June under both tillage systems whereas
crop sown in July achieved maximum values of CGR at 65-
80 DAS-a period coinciding with anthesis and started
declining thereafter (Fig. 2). On the other hand, plots sown
under CT on 15" June and subjected to weed competition
for 30 to 50 DAS depicted highest CGR at 95-110 DAS as
observed for 7" July sowing under ZT in plots subjected to
weed competition for 50 DAS, which recorded maximum
CGR between 80-95 DAS. Overall, CGR was higher in ZT
and June sowing during both years (Fig. 2a). During 2011
maximum values of CGR were observed at 80-95 DAS,
except plots sown under ZT on 7" July (Fig. 2b). At initial
stages (50-65 DAS), CGR of plots subjected to weed
competition till 40 DAS was mostly at par with each other
or even with season long weed free plots in some cases (Fig.
2). However, weed competition beyond this period had
detrimental effects on CGR and plots subjected to weed
competition till 50 DAS had comparatively lower CGR.
Though, growth of these plots was hastened as duration of
weed competition was over and weeds were removed.
Generally, CGR was less in 2011 under both tillage systems
and sowing times (Fig. 2) because of more weed pressure in

@

terms of density and biomass (data not shown). Although
higher at initial growth stages (65-80 DAS), CGR of July
sown crop showed a sharp decline in 2010 and slope
became steeper than June sowing as the season progressed
(Fig. 3a).

Dry Matter Accumulation

Regarding total dry matter accumulation at maturity,
TxSTxWC interaction was significant during both years
(Table 2). During 2010, maximum and similar dry matter
was accumulated by crop sown on 15" June under ZT or
CT maintained weed free throughout the growing season,
whereas season long weed free plots of crop sown on 7"
July had 9 and 13% less dry matter under ZT and CT,
respectively. Dry matter accumulation by DSR sown on
15" June did not vary significantly between ZT and CT
when weeds competed until 30 DAS. Nonetheless, when
weeds were allowed to compete with DSR for 40 DAS, dry
matter accumulation was reduced to a much greater
extent under CT than ZT. Moreover, such dry matter
accumulation was similar for crop sown on 7" July under
both tillage systems. Under season long weed competition,
plots sown on 15" June with CT had significantly higher dry
matter than rest of the treatment combinations. ZT plots
subjected to season long weed competition had 81 and
69% less dry matter than 15" June and 7™ July sown
crop, respectively over season long weed free plots.
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Fig. 3: Influence of different tillage systems on crop growth rate of dry seeded fine rice sown at different times during (a)
2010 and (b) 2011. Vertical bars above mean denote standard errors of three replicates
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Table 2: Interactive effect of different tillage systems, sowing time and weed competition durations on total dry matter

accumulation (g m™) at maturity by direct seeded fine rice

Tillage systems x Sowing time X Weed competition durations

2010 2011
7T CT 7T CT

15" June 7" July 15" June 7" July Mean (WC) 15" June 7" July 15" June 7" July Mean (WC)
WFs, 1103.67ab 1004.17c-e 1162.53a  1014.13cd 107113 1045502  974.60a-c  962.66bc  933.53b-d  979.07
WCy 1071.37bc  920.84fg  1034.03bc  939.07efg  991.33 98727ab  931.70b-d 90591 c-e 914.63b-e  934.88

(-2.93) (-8.30) (-11.05) (-7.40) (-7.45) (-5.57) (-4.40) (-5.90) (-2.02) (-4.51)
WCs 101233 c-e 837.13hi 95047 def 866.67gh  916.65 873.80d-f  742.54ij 768.59hij  857.13d-g  810.52

(-8.28) (-16.63) (-18.24) (-14.54) (-14.42) (-16.42) (-23.81) (-20.16) (-8.18) (-17.21)
WCy 915.03fg  83853hi  839.13hi  797.53hij  847.56 841.87e-h 62796kl 70336jk  805.80fI 74475

(-17.09) (-16.50) (-27.82) (-21.36) (-20.87) (-19.48) (-35.57) (-26.94) (-13.68) (-23.93)
WCso 758.10jk 727755k 76743k 71473k 74201 778.17g§  53433m  590211m  724.63 656.84

(-31.31) (-27.53) (-33.99) (29.52) (-30.73) (-25.57) (-45.17) (-38.69) (-22.38) (-32.91)
WCs 21430n  31393m 392571  24743mn  292.06 394.87n 31990n0 289370  353.30n0  339.36

(-80.58) (-68.74) (-66.23) (-75.60) (-72.73) (-62.23) (-67.18) (-69.94) (-62.15) (-65.34)
Mean (ST) 845.80 773.73 857.69 763.26 820.24 688.51 703.35 764.84
Mean (T)  809.76 810.48 754.38 734.09

SL: season long. Interaction means not sharing a letter in common differ significantly at 5% probability level by Tukey’s HSD test. Values in parenthesis

denote percent reduction over season long weed free plots

Tillage systems x Sowing time x Weed competition durations psp<o.0s= 74.769 (2010) and 80.431 (2011)

Corresponding reduction in dry matter under CT was 66 and
76% (Table 2). In 2011, T x ST x WC interaction was also
significant and ZT plots sown on 15" June and kept free of
weeds had maximum dry matter that was at par with July
sowing under same tillage system. Interaction revealed that
with increase in duration of weed competition, July sowing
had less dry matter than June sowing under ZT, while
opposite trend was observed for CT. For each competition
duration, ZT crop under 15" June had higher dry matter
than rest of the treatments. Minimum dry matter was
observed in season long weedy plots which accumulated
62 to 70% less biomass than season long weed free plots
(Table 2).

Patterns of dry matter accumulation over time
suggested that dry matter followed an exponential growth
pattern between 50-65 DAS and a linear increase was
observed from 65-110 DAS before leveling off at 125 DAS
(Fig. 4). Dry matter accumulation by DSR crop sown under
ZT or CT on 15" June was higher than 7" July during both
years (Fig. 4). Differences among durations of weed
competition were more pronounced in plots sown under CT
on 15" June where dry matter became significantly different
for successive increment in weed competition duration (Fig.
4a). During 2011, dry matter accumulation was significantly
less than previous year. Weed competition till 20 DAS
recorded similar dry matter of DSR as of season long weed
free plots under both tillage systems and sowing times (Fig.
4b). Nevertheless, July sowing had significantly lesser dry
matter. During 2011, weed free plots or those subjected to
weed competition for 20 DAS and sown under ZT on 15"
June had more dry matter. Although dry matter
accumulation by plots subjected to weed competition for 50
DAS under CT and 15" June sowing was similar with that
of season long weedy plots at first harvest, i.e., 50 DAS,
however at 65 DAS, there were significant differences as
crop tended to recover and showed prompt growth when
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weed competition duration was over (Fig. 4a,b). While in
other cases even after the completion of weed competition
duration at 50 DAS and removal of weeds, crop was still at
par with season long weedy plots regarding dry matter
accumulation between period from 50-65 DAS or even 80
DAS in some cases (plots sown under ZT or CT on 7" July
during 2011). However, differences between plots subjected
to weed competition for 50 DAS or those to season long
weed competition became more apparent as the crop
progressed towards maturity (Fig. 4). Under season long
weed competition, graphical line indicating dry matter
accumulation over time was quite steeper especially in July
sown crop under both tillage systems during both years. Dry
matter accumulation by crop sown in June was higher than
July sowing irrespective of the tillage system during both
years (Fig. 5). However, during 2010, the ZT plots sown on
7" July had more dry matter till 80 DAS than did 15" June
sown plots (Fig. 5a) as initial growth of July sown plots
received ample amount of rainfall (Fig. 1) that facilitated
crop growth especially when weeds were not a limiting
factor in rice production. Interestingly, at maturity, dry
matter was still higher in June sown plots. Nonetheless,
under CT during 2010 (Fig. 5a), and under both ZT and CT
during 2011 (Fig. 5b), June sown crop had higher dry
matter.

Association of Rice Growth and Dry Matter
Accumulation with Yield Components

Weed dry matter was negatively associated with rice growth
and dry matter accumulation during both years and
coefficient of determination explained 61 to 94% variation
in rice dry matter and 53 to 90% variation in CGR owing to
weed dry matter during 2010 (Table 3). The corresponding
values amounted to 72 to 92% and 74-86% for dry
matter and CGR, respectively during 2011 (Table 3).
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Fig. 4: Influence of different tillage systems at different sowing times on dry matter accumulation by dry seeded fine rice
subjected to different durations of weed competition during (a) 2010 and (b) 2011. Vertical bars above mean denote

standard errors of three replicates

Significant and positive relation of dry matter accumulation
by rice with number of panicles and grain yield was
observed during 2010 and 2011. Likewise, crop growth rate
was also positively related with number of panicles per unit
area and final grain yield during both years (Table 3).

Discussion

Our results suggested the negative implication of increasing
duration of weed competition for growth of DSR
particularly at early growth stages. Poor growth observed in
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season long weedy plots may be due to lack of adequate
supply of resources under prolonged weed competition.
Crop kept free of weeds throughout the growing season had
more growth because of ample supply of resources implying
weeds as the limiting factor for growth of DSR. CGR is an
absolute growth rate and is directly related to resource use
(Ni et al., 2000) and has been suggested as a better indicator
of crop competitive ability (Berkowitz, 1988). Variable
growth rates observed for a particular duration of weed
competition under different tillage systems and sowing
times suggest variations in crop competitive ability arising



Table 3: Coefficients of determination (R?) and correlation coefficients (r) denoting goodness of fit and association strength
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between different variables

2010
ZT CT
15" June 7" July 15" June 7" July
X-variable Y-variable R? r R? r R? r R? r
WDM (g m?) CDM (g m?) 0.94 097 0.86 -0.93 0.61 -0.78" 0.87 -0.93™
WDM (g m?) CGR (gm?day’)  0.90 -0.95™ 0.81 -0.90"" 0.53 0.73" 0.88 -0.93™
CDM (g m?) Grain yield (g m?)  0.84 0.91™ 0.84 092 0.89 0.94™ 0.83 091"
CDM (g m?) Panicles (m?) 0.85 0.92" 0.87 0.93"™ 0.86 0.93™ 0.75 0.86™
CGR (gm?day')  Grainyield (tha’)  0.72 0.85™ 0.78 0.88™ 0.84 0.92" 0.73 0.85"
CGR (gm?day’)  Panicles (m?) 0.75 0.86™" 0.79 0.89™ 0.83 0.91™ 0.64 0.80"
2011
YA\ CT
15" June 7™ July 15" June 7™ July
X-variable Y-variable R? r R? r R? r R? r
WDM (g m?) CDM (g m?) 0.85 -0.92" 0.72 -0.85" 0.92 -0.96™ 0.88 -0.93™
WDM (g m?) CGR (gm?day’)  0.76 -0.87" 0.74 -0.86" 0.86 -0.93™ 0.85 0.927
CDM (g m?) Grain yield (g m?)  0.82 0.91™ 0.96 0.98"™ 0.88 0.94™ 0.74 0.86"
CDM (g m?) Panicles (m?) 0.86 0.93™ 0.92 0.96™ 0.78 0.88" 0.72 0.85"
CGR (gm?day')  Grainyield (tha’)  0.55 0.74" 0.96 0.98™ 0.63 0.80" 0.84 0.92"
CGR (gm?day")  Panicles (m? 0.65 0.81" 091 0.96"" 0.56 0.75" 0.86 093"

WDM: weed dry matter, CDM: Crop dry matter, CGR, crop growth rate. *
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* denote significance at 0.05, 0.01, and 0.001 probability level, respectively

Fig. 5: Influence of different tillage systems on dry matter accumulation by dry seeded fine rice sown at different times
during (a) 2010 and (b) 2011. Vertical bars above mean denote standard errors of three replicates

under these practices. Significant year effect might be due to
variation in climatic regimes especially the amount of rain
fall received in 2011 (Fig. 1) and increased weed burden in
terms of density and dry biomass (data not shown) in this
year. Reduction in CGR of July sown crop after 65-80 DAS
during 2010 may be due to low temperature during months
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of October thus restricting growth as compared to June
sown crop that comparatively availed more time for growth
under field and completed every developmental event well
in time. Higher CGR of June sown crop during 2011 (Fig.
3b) may be due to early onset of monsoon rain showers
(Fig. 1) and less weed pressure.
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Crop dry matter accumulation is an ideal parameter
describing the temporal and spatial integration of all plant
processes, and indicates the efficiency of resource capture
during life cycle of a plant. Gaudet and Keddy (1988) from
their work on 44 herbaceous plants concluded that plant
biomass was good indicator of competitiveness that
explained 63% variation in competitive ability. Namuco et
al. (2009) concluded that cultivars with higher grain yield
under weed competition accumulated more dry matter.
Rapid accumulation of dry matter early in the season has
been suggested vitally important for rice under weed
competition (Ni et al., 2000). Reduction in crop dry matter
under weed competition in DSR conforms to Anwar et al.
(2012) who documented 62, 74 and 81% less dry matter at
panicle initiation, heading and harvesting in aerobic rice line
AERON 1, when broad-leaved weeds dominated the weedy
check plots. Crop productivity relies primarily on total dry
matter accumulation (Van der Werf, 1996), which largely
depends on the ability of crop canopy to intercept
photosynthetically active radiation and convert the same
into dry matter (Sinclair and Muchow, 1999). Reduction in
dry matter accumulation by DSR under weed infestation is
indirect consequence of limited supply and acquisition of
growth resources that led to reduction in assimilatory
surface (Khaliq er al, 2012b) and hence reduced
assimilation during vegetative growth period and its
subsequent portioning at maturity (Dingkuhn et al., 1991).
A lower level of reduction in dry matter in season long weed
free plots in 2011 than of 2010 is partly due to less dry
matter accumulation by weed free plots than previous year.
Agronomic practices like tillage (Shi-ping et al., 2007;
Dong et al., 2010) and sowing time (Khaliq et al., 2013)
induced changes in pattern and overall accumulation of dry
matter by altering size of assimilatory machinery and
duration of assimilation. Sowing time plays a critical role in
crop growth and development by affecting exposure of
plants to soil and climatic conditions from sowing to
harvesting (Ahmad et al., 2009). Superior performance of
June sown crop than July regarding dry matter accumulation
may be due to its ability to intercept more light, because of
large leaf area indices in the growing season, whereas less
dry matter accumulation in July sowing may be attributed to
lower leaf area indices and duration (data not shown). Rice
growth rate and dry matter accumulation in our study was
negatively and linearly associated with weed dry matter and
positively with number of panicles and grain yield (Table
3). The positive correlation between dry matter and grain
yield implies that dry matter was directly translated into rice
grain yield at maturity. Yield formation in rice has been
attributed as a function of dry matter accumulation and its
subsequent partitioning to sink (Wen-ge et al., 2008). Dry
matter accumulation by rice plants was highly correlated
with the final yield (Fageria, 2007). Significant and negative
correlation of weed dry matter with crop is not surprising in
DSR, in which weed infestation is much more devastating
than any other upland cereal.
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Conclusion

Weed competition even for 20 DAS had detrimental effects
on rice growth and dry matter accumulation as did delayed
sowing. A DSR crop should preferably be sown under CT
on 15" June and weeds must be controlled before 20 DAS
to avoid growth reduction. For effective weed control within
this time frame, integrated weed management approaches
must be optimized to secure rice growth against weeds and
sustain productivity of DSR.
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