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Productivity of maize (Zea mays) — wheat (Triticum aestivum) system under dif-
ferent tillage and crop establishment practices
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ABSTRACT

The experiment with eight treatments: Flat conventional tillage (CT) in kharif followed by CT in rabi (CT/CT)],
Flat CT/no tillage (NT) (CT/NT), NT/NT, NT + wheat straw mulch @ 5 t/ha(S)/NT (NT+S/NT), Fresh beds (FB)/flat
CT (FB/CT), CT/FB, permanent beds (PB)/permanent beds (PB/PB) and PB+S/PB was conducted at PAU,
Ludhiana during kharif and rabi seasons of 2003-04 and 2004-2005 in RBD with four replications. Straw mulching
in PB+S/PB or NT+S/NT reduced the soil temperature and improved photosynthetically active radiation intercep-
tion that however failed to increase yield of maize and wheat markedly. NT+S/NT and PB+S/PB in maize recorded
10.37 and 3.40% less consumptive use (CU) of water than CT/CT and FB/CT treatments, respectively during
2004. PB+S/PB treatment in wheat recorded significantly lower CU and higher water use efficiency (WUE) than all
CT and NT treatments. Soil bulk density recorded in NT/NT (1.50 g/cm?) was significantly higher than CT/CT, FB/
CT, CT/FB, PB/PB and PB+S/PB treatments. On an average, the highest net returns (Rs 43,536/ha) were ob-
served in NT/NT treatment. The minimum input energy and energy output/input ratio (13.82) was seen in PB/PB
treatment while energy output (3,92,035 MJ/ha/year) was highest in NT+S/NT.
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Modern agro-techniques in irrigated agro-ecosystem
has threatened the environment safety and degradation of
natural resources, especialy the land and water. Continu-
ousrice (Oryza sativa L.) - wheat (Triticum aestivum L.)
cropping sequence in Punjab has resulted in number of
ecological and other disorders like development of hard-
pan, low input use efficiency including water, more pests
etc. besides environmental pollution through emission of
gases. Water was expected to be the most scarce ecologi-
cal factor and costly input in determining agricultura pro-
duction as watertable in North-Western plains is drasti-
cally getting down. Thus, it becomes imperative to sustain
the productivity of agricultural systems concomitant with
friendly environment and efficient utilization of produc-
tion resources. There is need for diversification of rice-
wheat sequence for higher sustainability of agriculture.
Maize (Zea mays L.) isapotentia kharif crop to replace
rice. Some of the agronomic practices like zero tillage
(ZT) and furrow irrigated raised bed (FIRB) planting are
found to be the potential resource conservation technolo-
gies (RCTs) which can play a big role to save the scarce
natural resource like water. ZT technique is an ecological
approach for soil surface management and seed bed prepa
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ration resulting in economics of cultivation, less weed
problem, better crop residue management and higher or
equal yield (Jain er al., 2007). FIRB planting is a method
of planting a crop on top of raised beds with a definite
number of rows often one or two per bed. The FIRB plant-
ing systems have number of advantages like better irriga-
tion management, better crop establishment, better weed
management through inter bed cultivation and less soil
compaction (Dhillon er al., 2004). Further, the permanent
bed (PB) planting allows the bed to be re-used for suc-
ceeding crop and thus has the potential to minimize the
cost of cultivation similar to ZT (Sayre and Limon, 2002).
Thus, the study was conducted to assess the impact of till-
age and planting systems on maize-wheat system.

MATERIALS AND METHODS

Filed experiment was carried out on afixed site for two
years (June 2003 to April 2005) at Punjab Agricultural
University, Ludhiana (30°56' N, 75°52’ E, 247 m above
mean sea level). The soil of the experimental field was
loamy sand in texture (Typic Ustochrept order and
Samana series) was neutral in reaction (pH 7.24), low in
organic carbon (0.34%), medium in available P (15.8 kg/
ha) and ammonium acetate extractable K (180.5 kg/ha).
The experiment was carried out in RBD with eight treat-
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ments T, Flat sowing with conventional tillage (CT) in
kharif - CT in rabi (CT/CT); T,: CT - no tillage (NT); T,:
NT/NT; T,: NT + wheat strawv mulch @ 5 t/ha (NT+S)/
NT, T,: fresh raised beds (FB)/flat CT (FB/CT); T,: CT
FB; T, : permanent raised beds (PB) - permanent raised
beds (PB/PB) and T, : PB + wheat straw mulch @ 5 t/ha
(PB+S/PB) and were replicated four times. In CT, one disc
ploughing followed by two runs of cultivators and plank-
ing was done. Similarly, sowing on fresh raised beds (FB)
was done after following CT. The fresh and permanent
raised beds were of 67.5 cm width having 37.5 cm top and
30 cm furrow made with tractor drawn bed planter. PB
which were established for non-experimental wheat crop
in rabi 2002-03 were used. The PBs were reshaped for
sowing wheat in both seasons. In no tillage (NT) treat-
ments, crops were directly sown in the field without any
tillage. In PB, sowing of crops was done on undisturbed
beds. Before sowing, weeds were controlled using
paraquat @ 0.35 kg/hain NT and PB. Wheat straw
chopped with the help of chopper to the size of about 10
cmto 15 cmwas applied in NT+S/NT and PB+S/PB treat-
ments. A rainfall of 571.7 + 92.2 mm during 2003-04 and
328.5 +145.2 mm during 2004-05 were recorded in kharif
+ rabi seasons. Maize ‘ Paras’ was sown on 20 June, 2003
and 15 June, 2004 using a seed rate of 20 kg/ha at a spac-
ing of 60 cm x 22 cm in flat conventional tillage and zero
tillage treatments and harvested on 1 October, 2003 and 27
September, 2004. In bed planting, one row on the top of
the bed was sown with plant-to-plant spacing of 20 cm to
get same plant population in raised bed sowing asin flat
treatments on area basis. Wheat ‘ PBW 343’ was sown on
12 November, 2003 and 5 November, 2004. using a seed
rate 100 kg/hain flat and 75 kg/hain bed planted treat-
ments and harvested on 6 April, 2004 and 20 April, 2005.
In maize, atrazine 50 WP @ 1 kg/ha was applied as pre-
emergence to control weeds. In wheat, fenoxaprop-p-ethyl
10 EC @ 0.1 kg/haand 2, 4-D @ 0.62 kg/ha (35 days af-
ter sowing) were applied to control grassy and broad |eaf
weeds. The recommended dose of fertilizersi.e. 120 +
26.4 + 25 kg N+P+K/ha were applied to both the cropsin
each season. Entire P and K fertilizers were applied at the
sowing. In maize, N was applied in three equal splits (at
sowing, knee high and tasseling stage) whereas in wheat,
nitrogen was applied in two equal splits (one at sowing
and other after first irrigation). The depth of each irrigation
appliedwas 7 cmin CT and NT and 5 cm in FB and PB
treatments in both crops. The irrigations to maize was
given on IW:CPE ratio of 1.0. After pre-sowing irrigation,
maize did not receive any irrigation during 2003 but re-
ceived four irrigations in flat CT and NT treatments and
fiveirrigations in beds during 2004. Wheat received four
irrigations during 2003-04 and three during 2004-05. Irri-
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gation water was measured with the help of parshall
flume. The soil temperature at 5 cm depth was recorded at
2:30 pm. The data on photosynthetically active radiation
interception (PARI) in % were recorded periodically. The
consumptive water use (CU) and water use efficiency
(WUE) was calculated by standard formulae. The bulk
density and cumulative infiltration rate were determined
after each crop cycle, whereas, organic carbon was deter-
mined after completion of two cropping cycles. Energy
input, output (grain + stover/straw) and output/input ratio
were calculated using energy equivalents as suggested by
Devasenapthy et al. (2009) and Khaledian et al. (2010).
Economic analysis was done based on prevailing market
prices in respective years.

RESULTS AND DISCUSSION

Soil temperature and photosynthetically active radiation

Maize: The NT+S/NT treatment significantly reduced
soil temperature when compared with CT/CT. Similarly,
soil temperature recorded in PB+S/PB treatment upto
emergence was 1.9°C and 0.8°C less than CT/CT and
3.0°C and 3.4°C less than FB/CT during 2003 and 2004,
respectively. The soil temperature up to emergence was
higher in bed planted maize when compared with flat
sown crop owing to exposure of more surface areato the
incident solar radiation than that of flat CT treatments. Soil
temperature recorded at various other growth stages of
maize showed that NT+S/NT and PB+S/PB reduced soil
temperature at knee high and silking stages than NT/NT
and PB/PB treatments, respectively. This may be due to
the fact that mulch did not allow the solar radiation to con-
tact the soil surface. Burrows and Larson (1992) reported
reduced soil temperature under mulched conditions. Pho-
tosynthetically active radiation interception (PARI) by the
crop increased up to silking stage of the crop and declined
thereafter (Table 1). The non-significant results during
2003 for light interception might be due to similar growth
at 30 DAS with well distributed rainfall. Significantly
higher light interception was recorded in PB+S/PB than
all other treatments but it was statistically on par with
NT+S/NT during 2004. The higher light interception in
straw-mulched treatments of NT+S/NT during 2003 and
PB+S/PB during 2004 might be due to better crop
growth.

Wheat : Soil temperature recorded in CT/FB was sig-
nificantly higher than CT/CT (Table 2). At 30 DAS and
anthesis stage, NT+S/NT recorded minimum soil tempera-
ture, it might be due to maximum solar radiation intercep-
tion. NT+S/NT recorded highest PARI in wheat through-
out the crop growth that being statistically on par with NT
and conventional flat treatments was significantly higher
than all bed planted treatments (CT/FB, PB/PB and PB+S/
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PB). No tillage treatments (NT/NT, CT/NT) recorded al-
most similar PARI asrecorded in CT/CT treatment. Fresh
beds (CT/FB) recorded slightly higher PARI when com-
pared with permanent beds. Higher light interception in
NT+S/NT treatment might be due better growth of the
crop.

Yield attributes and yield

Maize: Yield attributing characters and grain yield of
maize did not differ significantly among various treat-
ments (Table 3). Kaputsa et al. (1996) reported similar
effects of different tillage methods on maize.

Wheat : NT+S/NT treatment being statistically on par
with CT/CT, CT/NT, NT/NT and FB/CT recorded signifi-
cantly higher effective tillerssm? than CT/FB, PB/PB and
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PB+S/PB treatments (Table 4). Lower density of tillerson
bed planted crop were also reported by Dhillon er al.
(2004). Maximum number of grains/ear was recorded in
fresh beds (CT/FB) which was statistically on par with
PB+S/PB and PB/PB treatments but significantly more
than CT/CT, CT/NT, NT/NT, FB/CT and NT+S/NT treat-
ments. Higher grains/ear were compensated by the low
tiller density in bed planted wheat. Different treatments
could not affect the 1,000-grain weight significantly. The
grain yield of wheat could not vary significantly among
various treatments. However, the effective tillers were less
in bed planting treatments but higher grains/ear, and
higher test weight compensated the low tiller density.
These results were in line with those reported by Dhillon
et al. (2004). Similar grain yields under conventional and
no tillage were also obtained by Jain et al. (2007).

Table 1. Soil temperature (°C) and photosynthetically active radiation interception (PARI) at different growth stages of maize

Treatment Maize
Soil temperature (°C) PARI (%)
Emergence Knee high (30 DAS) Silking(R1) Knee high(30 DAS) Silking(R1)

2003 2004 2003 2004 2003 2004 2003 2004 2003 2004
CT/CT 34.8 40.1 33.9 34.9 32.7 22.9 60.4 62.7 88.8 89.0
CT/NT 34.9 40.1 341 354 32.7 23.3 59.4 61.2 88.2 88.6
NT/NT 34.7 40.6 334 34.8 32.2 22.8 60.2 61.3 89.2 90.0
NT+S/NT 32.7 37.8 33.1 32.3 31.0 214 65.6 70.8 90.0 924
FB/CT 35.9 27 33.9 35.2 328 22.8 60.7 62.8 89.0 90.6
CT/FB 34.8 40.0 33.8 34.0 32.3 23.1 60.5 62.4 89.2 88.7
PB/PB 36.0 428 345 337 329 225 59.3 61.2 88.0 90.6
PB+S/PB 329 39.3 33.2 329 325 22.2 65.2 71.1 88.2 92.7
SEmz+ 0.7 0.6 0.7 0.6 0.8 0.7 21 0.8 0.8 1.6
CD (P=0.05) 2.0 18 19 18 NS NS NS 25 NS NS

CT, Conventiond tillage; NT, No tillage; NT+S/NT, NT+Wheat straw mulch @ 5 t/ha/NT; FB/CT, Fresh Beds/flat CT; CT/FB, Conven-
tiond tillage/Fresh Beds; PB/PB, Permanent beds/permanent beds; PB+S/PB, Permanent beds+wheat straw mulch/permanent beds

Table 2. Soil temperature (°C) and photosynthetically active radiation interception (PARI) at different growth stages of whest

Treatment Wheat
Soil temperature (°C) PARI (%)
Emergence 30 DAS Boot 30 DAS Boot

2003-04 2004-05 2003-04 2004-05 2003-04 2004-05 2003-04  2004-05 2003-04 2004-05
CTICT 23.1 26.8 20.4 19.5 19.9 14.7 45.2 43.8 97.3 94.7
CT/INT 23.6 26.7 20.4 19.2 19.6 14.4 45.8 435 97.6 94.7
NT/NT 23.6 26.7 20.5 19.1 20.2 14.4 44.6 44.2 975 95.0
NT+SINT 23.2 26.5 20.2 185 19.2 14.2 45,9 44.6 98.4 95.5
FB/CT 23.3 26.8 20.3 19.4 19.3 14.4 45.3 43.6 97.6 94.6
CT/FB 26.2 29.3 21.2 20.3 20.2 14.9 42.9 41.9 91.8 88.5
PB/PB 26.4 29.5 21.3 20.5 21.0 15.0 42.3 41.0 90.5 88.1
PB+S/PB 26.3 29.3 21.2 20.7 20.4 15.9 42.8 415 90.7 87.3
SEm+ 0.7 0.7 0.7 0.3 0.7 0.7 0.5 0.5 0.9 0.9
CD (P=0.05) 2.1 2.1 2.0 1.0 NS NS 1.6 15 2.7 25

CT, Conventiond tillage; NT, No tillage; NT+S/NT, NT+Wheat straw mulch @ 5 t/ha/NT; FB/CT, Fresh Beds/flat CT; CT/FB, Conven-
tiond tillage/Fresh Beds; PB/PB, Permanent beds/permanent beds; PB+S/PB, Permanent beds+wheat straw mulch/permanent beds
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Consumptive use (CU) and water use efficiency (WUE)

Maize: Almost similar CU and WUE in all the treat-
ments were recorded during 2003, asthe rains (571.7 mm)
were well distributed (Table 3). However, maximum CU
and WUE by crop was recorded in NT+S/NT treatment
during 2003 and PB+S/PB in 2004, respectively. The
NT+S/NT and PB+S/PB recorded 10.37 and 3.40% less
CU than CT/CT and FB/CT treatments, respectively dur-
ing 2004. The reduced CU in mulched treatments was due
to less evaporation of water from the soil surface. Simi-
larly, higher WUE was also reported in no tillage
(Chauhan er al., 2000) and bed planting (Kaur and Mahey,
2005) in earlier studies.

Wheat : The treatments of PB+S/PB being on par with
CT/FB and PB/PB recorded significantly lower CU and
higher WUE than all CT and NT treatments (Table 4).
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Less CU in bed planted treatments might be due to less
amount of irrigation water applied than flat CT and NT
treatments. Aggarwal et al. (2002) recorded similar results
of lower water use in bed planted wheat.

Soil studies

The studies showed that NT/NT treatment recorded
highest bulk density in 0-15 cm soil depth which was sig-
nificantly higher than CT/CT, FB/CT, CT/FB, PB/PB and
PB+S/PB treatments but was statistically on par with CT/
NT and NT+S/NT treatments (Table 5). NT+S/NT and
PB+S/PB dlightly reduced the bulk density when com-
pared to PB/PB and NT/NT treatments. Higher bulk den-
sity in NT/NT might be due to undisturbed soil surface.
These results are in accordance with those obtained by
Kumar et al. (2002). Aggarwal and Goswami (2003) aso

Table 3. Yield attributing characters and grain yield of maize as influenced by tillage and crop establishment practices

Treatment Maize

Cobg/plant Grains/cob 100-grain Grain yield Consumptive Water use efficiency
weight (g) (t/ha) water use (cm) (kg/ha-cm)

2003 2004 2003 2004 2003 2004 2003 2004 2003 2004 2003 2004
CT/CT 0.94 0.94 55.1 54.5 28.0 28.1 5.51 5.45 47.75 49.46 1154 110.2
CT/NT 0.94 0.95 54.8 54.1 27.9 27.7 5.49 5.42 48.05 48.65 1142 1113
NT/NT 0.95 0.95 55.6 54.7 28.1 28.2 5.57 5.47 48.06 48.01 1159 114.0
NT+S/NT 0.96 0.95 56.3 56.5 28.1 28.3 5.64 5.66 46.45 44.33 121.3 127.6
FB/CT 0.95 0.94 55.1 56.3 28.0 28.3 5.52 5.63 49.54 4411 115.8 127.7
CT/FB 0.95 0.95 55.3 54.3 28.0 28.1 5.54 5.44 47.84 49.22 1114 1104
PB/PB 0.94 0.95 54.1 56.1 27.6 28.2 5.41 5.61 48.64 45.45 111.3 1235
PB+S/PB 0.94 0.96 55.0 58.5 28.0 28.4 5.50 5.85 48.84 42.61 112.7 1373
SEm+ 0.01 0.01 0.5 1.6 0.2 0.3 0.09 0.10 0.85 0.65 1.7 2.2
CD (P=0.05) NS NS NS NS NS NS NS NS NS 1.91 5.1 6.5

CT, Conventional tillage; NT, No tillage; NT+S/NT, NT+Whesat straw mulch @ 5 t/ha/NT; FB/CT, Fresh Beds/flat CT; CT/FB, Conven-
tiond tillage/Fresh Beds; PB/PB, Permanent beds/permanent beds; PB+S/PB, Permanent beds+wheat straw mulch/permanent beds

Table 4. Yield attributing characters and grain yield of wheat as influenced by tillage and crop establishment practices

Treatment Wheat
Effective Ear length Graing/ear 1,000-grain Grain yield Consumptive Water use
tillers (/m?) (cm) weight (g) (t/ha) water use (cm) efficiency

03-04 04-05 03-04 04-05 03-04 04-05 03-04 04-05 03-04 04-05 03-04 04-05 (kg/ha-cm)
03-04 04-05
CT/CT 306.0 295.0 8.93 9.00 441 44.4 421 41.8 548 525 49.89 4551 1099 1154
CT/NT 306.1 2956 8.96 9.05 448 44.6 425 419 549 5.26 50.22 4492 1093 117.1
NT/NT 3053 296.0 8.92 9.07 445 44.8 42.8 42.0 546 5.27 50.52 4452 108.1 118.3
NT+S/NT 3084 2972 9.10 9.10 449 449 429 42.2 5b52 528 4952 4488 1115 117.7
FB/CT 306.4 2952 9.00 9.01 44.8 44.4 42.8 41.7 550 5.25 50.72 4583 1084 114.6
CT/FB 276.2 2655 9.85 9.87 499 49.3 43.8 42.8 546 525 46.25 4117 1182 127.6
PB/PB 2731 2585 9.75 9.80 48.3 49.0 43.8 425 530 511 46.39 40.08 1143 127.6
PB+S/PB 2748 2643 9.80 9.83 49.6 49.1 43.6 427 543 523 4573 3988 1186 131.0
SEm+ 9.6 85 015 0.17 1.0 0.9 0.6 0.4 0.09 0.07 0.72 0.99 21 2.0
CD (P=0.05) 28.1 251 043 0.51 2.8 2.7 NS NS NS NS 211 2.92 6.1 5.8

CT, Conventional tillage; NT, No tillage; NT+S/NT, NT+Whesat straw mulch @ 5 t/ha/NT; FB/CT, Fresh Beds/flat CT; CT/FB, Conven-
tiond tillage/Fresh Beds; PB/PB, Permanent beds/permanent beds; PB+S/PB, Permanent beds+wheat straw mulch/permanent beds
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Table 5. Soil properties, economics and energy indicators (mean of 2 seasons) of maize-wheat sequence as influenced by tillage and crop

establishment practices

Treatment Bulk  Cumulative Organic Cost of Net returns B:C Inputenergy Output Output/
density infiltration carbon cultivation (Re/ha) raio  (x10° MJ energy (x10° input
(g/em®) (cm/hr) (%) (Rs/ha) halyear) MJhalyear) ratio
CT/CT 1.46 7.74 0.358 37,555 38,891 42,081 40,639 1.09 31.25 3716 1241
CT/NT 1.48 7.85 0.360 36,227 37,566 43,329 41,888 1.16 30.13 385.7 12.85
NT/NT 1.50 7.87 0.375 34902 36,241 44,855 43,536 1.25 29.09 387.8 13.38
NT+S/NT 148 8.03 0.423 42,904 44241 37,780 36,515 0.86 90.29 392.0 4.34
FBICT 143 7.74 0.355 37,308 38,888 42,855 41,480 112 30.63 389.2 1273
CT/FB 1.40 7.95 0.356 37,114 38,497 42,263 40,730 1.10 30.27 3835 1274
PB/PB 1.47 7.98 0.374 34556 35851 42,956 42,329 1.20 27.69 3817 13.82
PB+S/PB 145 8.09 0.421 42,557 43851 36,434 36,175 0.85 89.07 388.7 4.37
CD (P=0.05) 0.03 0.15 NS
Initial 145 7.75 0.340

found less bulk density in beds. The highest cumulative
infiltration was recorded in PB+S/PB treatment which was
statistically on par with PB/PB, CT/FB and NT+S/NT, but
significantly higher than all other treatments. Higher infil-
tration in NT and PB with mulch was in agreement with
the findings of Shaver et al. (2002). The effect of treat-
ments on organic carbon content of soil was found to be
non-significant. However, slightly higher organic carbon
in straw mulched treatment (0-30 cm layer) was seen that
might be due to cumulative effect of decomposed straw
added i.e. 10 t/hain two seasons.

Economics and energetics

The highest net returns and B:C ratio were observed in
NT/NT due to low cost of cultivation. Similar results of
higher net income in no tillage (Landers et al., 2001) and
permanent bed planting (Sayre and Limon, 2002) were
also reported. The energy input was minimum in PB/PB
treatment (Table 5) which might be due to minimum en-
ergy used in tillage and less irrigation water used in this
treatment. The energy input and output were highest in
NT+S/NT due to high energy used as straw mulch and
dlightly higher yields, respectively. The energy output/in-
put ratio was highest in PB/PB (13.82) treatment might be
due to minimum energy inpuit.

Based on the data relating to the microenvironment,
yield attributes, grain yield, consumptive water use, energy
used and benefit cost ratio, no tillage and permanent bed
planting have the possibility of adopting these resource
conservation technologies in maize and wheat in se-
guence.
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