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ABSTRACT

A study was under taken to recommend a suitable irrigation schedule along with
integrated fertilizer combination and also to under stand plant, waler and nutrient
relationship in wheat. The study revealed that the more than 50% soil moishue is
available only from 0-30 cm soil profile. Soil physical properties improved with FYM
ppplication. The availability of nitrogen and potassium contents improved in surface
horizens, Crop Growth Rate, Relative Growth Rate and Net Assimilation Rate had a
positive relation to yield and yield parameters. The highest grain yield obtained with
irvigation scheduled at CRI + Late tillering + milking + dough stages. While incase of
mutrient combination 125% & PK gave highest grain yield, However. the eritical vield
level across all ivrigation and mutrient combinations in relatian to crop growth arrived
with the preamment combination of irrigation scheduled ar 0.9 IW/CPE ratio with 75%
NPK and FYM @ 15 t/ha.
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INTRODUCTION

After rice as kharif crop, wheat is the major winter crop of south Bihar where irrigation
is being done mainly through canal and in some areas through ground water resource.
The crop in this region is being applied 2-3 irrigations of 8-10 cm depth. Scheduiling of
irrigation is done for wheat crop as per its critical arowth stages, IW/CPL ratio as well
as on 50% depletion of available soil moisture in many parts of the country. Even though
there are several media, which are advising to use balance dose of nutrients, the
resourceful farmers are using unbalanced higher dose while poor are using the same in
lower amount. The larger community of the farmers having poor socio-cconomic
conditions are advised to use even 30 to 75% of recommended dose but in balanced
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form. Recent findings in AICRP on cropping system have also proved to apply 25 to 50
per cent NPK through organic sources as integrated nutrient management for sustainable
and efficient use of natural resources. With the proper combination of irrigation
scheduling along with economically feasible nutrient management a sustained
productivity in wheat can be achieved in this region. Keeping in view this objective the
experiment was laid out to know the influence of irrigation schedule and nutrient
management on growth and yield attributes of wheat.

MATERIALS AND METHODS

The present investigation was carricd out at experimental farm of ICAR Research
Complex for Eastern Region, Patna for three consecutive years from 1999-2000 to
2001-07 in Rabi season. Twenty treatment combinations in split plot design having four
irrizations scheduled at (i) Critical stages of crop (ii) 50 per cent available soil moisture
(iii) 0.9 IW/CPE ratio and (iv) Three irrigations with high depth at C+J+F (Control) as
main plot treatments. Five nutrient management levels ie. (i) 50 per cent NPK + FYM
@ 15 tha, (ii) 75 per cent NPK, (iii) 75 per cent NPK + FYM @ 15t'ha (iv) 100 per
cent NPK (100:60:40) control and (v) 125 per cent NPK as sub plot treatments replicated
four times. The wheat variety PBW 443 was sown on 26th, 8th and 19th December in
1999, 2000 and 2001, respectively. The Plot size was: 8.5 x 5.5 m*.

The soils are Lsti Psamments under Gangetic alluvium plains. Texture is clayey
with almost neutral pH (1:2 ratio) 7.2 and Electrical Conductivity (1:2) was 0.314 dS/m
while organic carbon was 0.56 %. The soils are poor in available nitrogen (256 ka/ha)
while available phosphorus (28.5 kg/ha) and potassium (390 kg/ha) are in medium range.
The ohservations and measurements were taken on quantitative, growth and yield
parameters of wheat at different stages of crop growth. Soil physical analysis was done
using standard laboratory methods. Total N was estimated using Kjeldhal method as
described by Jackson {1958). Available K was determined N normal Ammonium acetate
extraction method. Critical vield in relation te growth parameters was arrived using
critical level approach (Cate and Nelson, 1971). Data was analyzed statistically for its
significance (SAS, 1989).

RESULTS AND DISCUSSION

Soil Characteristics

Soil physical characteristics

Soil parameters like bulk density, moisture characteristics were significantly affected
by moisture regime and nutrients levels. Bulk Density varied from 1.3 to 1.5 g/cc, initial
soil moisture during infiltration varied from 13-16% and infiltration rate varied between
0.3 to 0.6 cm/hr (Tab: 1). In FYM treated plots, moisture content and infiltration rate
was found to be higher than other nutrient treatments. Better aggregation of soil due to
FYM might facilitated in improving the bulk density and water movement and retention.

Among the irrigation treatments moisture content and infiltration rate was observed
to be higher in Farmers Practice (3 irrigation treatments). Soil moisture content was
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found decreased with depth as well as with time after irri gation. However, there was
variation at different depths among the treatments. Highest moisture content in the soil
profile (43%) was observed under heavy depth of irrigation (8-10 em) (farmers’ practice).
Most of the soil moisture was found in 0-30 em of the soil profile from which wheat
plant extracts the water (Fig. 1). Similar observations were also found by lgbadun and
Mudiare, (2002) and Panda et al, (2003). The studies regarding moisture depletion
revealed that with increasing levels of nitrogen there was a h igher utilization of moisturc.

Table 1
Effect of Irrigation and Nutrient Management on Bulk Density and
Infiltration Rate in Wheat Crop (2001-02)

Treciment 50% NFK 4 75% 3% NPK v [00% NPK 125% Mean

FYM NPK FYM {F 2060 40} NPK
1 Sitha 15tha conirol

Bulk Density {gfcc)

Imigation at Critical 14 1.5 14 14 1.5 1.44
(CRI+LT+M+D) stage

Irrigation at 50% ASM 15 1.5 1.3 1.4 1.4 |.42
Irrigation at 0.9 PW/CPE 1.3 14 14 15 1.5 1.42
Farmers practice {3 irnigations 1.3 i 14 I 4 L4 1.40
with high depth at C+J+F)

Mean 137 1.47 1.37 I.42 145
Infiltration rate {emfhr)

rrigation at Critical 03 04 035 03 0.3 0.40
{CRI+LT+M+D) stage

Irrigation al 30% ASM 0.4 04 0.5 0.3 0.3 .38
[rrigation at 0.9 IW/CPE 0.5 04 05 0.3 0.3 0.40
Farmers practice (3 irrigations 0.6 0.4 03 0.4 0.3 0.44
with high depth at C+J+F)

Mean 0.50 0.40 0.50 032 0.30 -—

Soil nutrient levels

lotal nitrogen content in general showed an increasing trend with depth. However,
soils with higher fertilizer treatments (100% and 125% NPK) showed high arnount of
‘otal nitrogen (0.046 and 0.048%) in the surface horizons both at 50% ASM and 0.9
'W/CPE ratio irrigation treatments. Similarly, the available nitrogen is also showed
a increasing trend with depth and with increasing fertilizer nitrogen the availability
ncreased in surface horizons. It varied from 307 kg/ha to 439 ketha (Fig. 2). The
ncrease in available nitrogen content in surface horizons was mostly due to fertilizer
litrogen.

The available potassium content of the soil after the crop increased in plots with
ncrease in fertilizer potassium. Highest available potassium was observed in surface
iorizons (438 kg/ha). It decreased with depth in all the treatments. Average available
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Fig. 1: Redistribution of Moisture in the Soil Profic under
Different Irrigation Schedules
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Fig. 2: Available Nitrogen Content with Depth under 0.9 IW/CPE Ratio Irriogation
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Fig. 3: Available Potassium (kg/ha) in Soil Profile under Various NPK use
After Wheat Harvest (2001-02)
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potassium in the soil profile was high in case of 125% NPK. There was little reduction
after three years in available potassium except incase of 125 % (Tab. 2, Fig. 3). The
increase in available potassium in surface horizons might be due to added inorganic
fertilizer potassium. Variation in lower horizons could be attributed to potassium
movement along with water within the soil profile.

Physiological Parameters

Canopy temperature

The pooled data of consecutive three ycars revealed that the canopy temperature (Tc) in
different irrigation scheduling varied from 28.9 to 29.7(Dtc = 0.8) and 26.8 to 27.0°
(Dtc ~ 0.2) at 55 and 65 DAS, respectively while duc to nutrient management it varied
from 28.6 t0 29.5 (Dtc — 0.9) and 26.3 to 27.2% (Dtc = 0.9) at above stages. The canopy
temperature reduced from 55 and 65 DAS. However, the differential temperature of
canopy was uniform when it related Lo nutrient management than irrigation schedules.
(Tab. 3)

Crop Canopy Air Temperature Difference (CCARD)

CCARD varied from 0.76 to 0.84 and 0.77 to 0.83 at 55 and 65 DAS respectively. It
was quite contrary that the maximum value at 55 DAS was recorded in irrigation at
0.91W/CPEL ratio and the minimum in irrigation at initial stages of crop, while at 65
DAS it was minimum in irrigation at 0.9 TW/CPE ratio and maximum irrigation at 50
per cenl ASM. In case of nutrient management level the differences were quite larger
with the maximum value 0f0.94 in 100 per cent NPK and minimum in 75 per cent NPK
+ 150 g/ha FYM (0.76) at 55 DAS while it was maximum (1.00) in the same at 65 DAS.
The lowest value at this stage was under 100 per cent NPEK (Table 3).
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Table 3
Changes in Canopy Temperature and Crop Canopy Air Temperature Difference (CCATD)
in wheat under Different lrrig_a_tinn and Nutrient Management (1999-00 and 2000-01)

Treatmenis Canopy Temp. £C) CCATD (C)
) 55 DAS 65 DAS 55 DA4S 65 DAS
jO00.  2000-  1vRe- 2000-  J999- 2000- 1999.  2000-
an ."}_,' on i i 1] (1] i

Irrigation Scheduling

1. Irrigation at critical 28.85 194 2680 273 0.75 076 0377 078
slages of the crop

2. lrrigation at 50% ASM 28.75 203 2878 273 080 081 .82 0.83

3. lrrigation at 0.9 2863 202 2672 272 0383 0.84 0,76 0.77
IW/CPE ratio

4 Three irrigations with 26.44 00 2662 27.1 .77 0.78 0.76 0.77

high depth at C+J+F
Nutrient Management Level

1. 50%NPK + FYM @ 2875 193 2668 272 0.79 080 080 1R
150q/ha

2. 75% NPK 2020 297 2687 24 078 079 093 094

3. 75% NPK + 150g/ha FYM  29.26 298 26035 205 0.75 0,76 0.99 1.01

4. 100% NPE (120:60:40) 28.40 289 26.68 272 0.93 .94 0.77 078
control

5. 125% NPK 28.98 295 2692 274 0.87 0.88 0.80 0.81

Plant Growth Parameters

Among the four irrigation schedules, the relative growth rate was recorded the highest
(23 51 mg/day) under irrigation at 0.9 IW/CPE and the lowest (16.93 mg/day) under
irrigation at critical stage. In case of leaf area ratio, it was highest (28.84 cm2/g) under
irrigation at 50 per cent ASM and lowest (15.96 cm2/g) under irrigation at critical
stages. (Fig. 4). Water stress do not affect the specific leaf area, but reduces leaf weight
ratia and leaf arca ratio (Ahmadi and Sio Se Mardeh, 2003). It was highest (24.96)
under 125 per cent NPK. Specilfic leal weight varied from 2.74 to 5.43 gicm?® in case
among of different the irrigation scheduling while it was 2.37 104.31 g/cm’ among the
nutrient levels.

Crop growth rate (e/m2/day) was highest {44.21) under irrigation at 0.9 [W/CPE
while the lowest (33.35) under irrigation at critical stages. The highest value in previous
treatment might be due continuous availability of optimum irrigation while lowest
value might be due to availability ol at critical stages only (Fig. 4) Net assimilation
rate (NAR) and relative growth rate (RGR), measured before flowering in wheat
cultivars were reduced by water siress (Ahmadi and Sio Sc Mardeh, 2003). It was
highest at under 125 per cent NPK (47.36) and lowest under 50 per cent NPK + FYM
150 g/ha (36.32). Crop growth rate and net assimilation rate, measured at different
stages of wheat increased significantly with balanced NP fertilizer application (Singh,
et al 2003).
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Growth Characters

The growth characters of wheat like plant height at tillering stage (cm), final plant
height (cm), tillers per meter square at 40 DAS, maximum tillers per meter square were
found to be not affected with various type of irrigation schedule (Table 4). Only the
graining period (days) varied significantly due to irrigation scheduling with its highest
value of 35.7 under irrigations at 0.9 IW/CPE and significantly lowest under farmers
practice (33.7).

Quite contrary to irrigation scheduling under However, the nutrient levels all the
growth parameters were found be significantly affected. The plant height of 11.2 cm
was recorded at tillering stage under 125 per cent NPK application which was
significantly highest over the 50 per cent NPK + FYM (10.3). Final plant height recorded
maximum in 100 per cent NPK (84.3 cm) followed by 84.1 cm in 125 per cent NPK and
both being at par to cach other were significantly highest over 50 per cent NPK (81.7
cm). Significantly highest number of tillers per meter square at 40 DAS of 391.2 was
recorded in case of 125 per cent NPK followed by 100 per cent (373.2) which was
significantly superior to its lower doses, The lowest value of 292.7 was registered in
case of 50 per cent NPK + FYM @ 150g/ha. Similar was the trend in case of maximum
tillers per Meter Square. The graining period was highest (36.7 day) in case of 125 per
cent NPK followed by its lower dose (35.9). The significantly lowest value of 32.7 day
was registered in 50 per cent NPK + FYM (Tab. 4).

Yield Characters

Irrigation scheduling affected yield parameters of wheat like number of earhead per
meter square, earhead length (cm), grain number per earhead, grain weight per earhead
(2) and 1000 grain weight (g) but it was non significant. However, these parameters
varied significantly due to variation in nutrient levels (Table 3).

Incase of all vield atiributing parameters highest values were registered in case of
125 per cent NPK but it could not showed significant superiority over 100 per cent
NPK and 75 per cent NPK + 150 g FYM. However, significantly lowest values were
noticed in case of 50 per cent NPK + FYM but the values were at par with 75 per cent
NPK. The results found are in comparison with the studies made by Singh, et al (2003).

Yield & Iarvest Index

Grain and straw vields as well as in harvest index varied due to different irrigation
scheduling treatments but the effect was not significant. However, the highest values
(32.17 q grain, 43.76 q straw/ha and 42.66 per cent HI) were obtained under irrigation
at critical stages while the lowest values (30.46q grain and 41.27 q straw/ha) of yields
obtained under farmer’s practice of three irrigations with high depth. Irrigation scheduling
at physiological stages of wheat increased yield (Ghodpage and Gawande, 2001 and
Behera,et al 2002). This might be due to at critical stages the plants need more water,
which influenced the vields. Similar was the trend with the harvest index of the crop it
varied from 42.32 to 42 .66 per cent but the effect of change in irrigation schedule was
non significant.




213

00T — 100 = 111 "106T — 000T = 11 "000T — 6661 — 1 !

Pr

W

g

.M 60 &0 &0 TOF  §T9  L09  I9F 9% €y 1T erT EIT E£0 80 IO (£00=d) T’

m it E£LE £ee €99¢ Le6F 1'€T8 LELE  LLZk LIEy 118 848 P8 £al A | 9o AdN %5T1

ma L9t §O9f  vHE I'SEE 898F §°L05 L'S8T 9Lilb  ¥P9IF  ®OB bt 88 1’01 2l il AN %001

& 6cE L'eg ¢ EL FZEE igiF 0¥ EIRT R9GE O'S0F  8GL L'L3 18 101 ST soat WAS+AIN %5 L

M L'FE B 4 A LI TEEF  PLSY TTLT 9 ILE EL9E DeL 808 ong  OM il 686 MdN YL

M e FEE Tie LC0f 9Ly 66fF LEET T6IE T'STE 9BL 98 oox 66 | e WAA+HHAN %l
E (MAN) [PA9] JuaLnmy _
3 Lo 80 Lo SN al SN SN SN SK BN SN SN SN 8N | (g00=d) a2 _
s (b1 (suonediuy ¢) _
..m I'sE I'et 0tTE BEEE STrP 396F 66BT EVRE  EUBE  96L SL £ng o0l a1l ol FHOEL] SISULE 4

W. 99¢ oL [ ¥t TRIE  §T9¢ L&ty 1S9 viEe  TIBE 608 OB 918 ool L vz 01 (£ 24D/ 60 1% 8L _
m. E S ter £EE gple oLy L'Giy DSST THBE SL8t €18 Fo8 T'E8 86 gl 08 6 (Z1) WSV %408 1V B _
= (+A+11410D) [
e ¥oE £9E I'FE 8T CIir SLOE TART L9BE STOF KB S Lcg £l 81l tL 0l (11) 9815 [B20LID) |
Hm., Snpayas uonedu| m
= T m n 1 i mon .
8 i) Tui dad SFa fuiz) pgdyag {iu) aBdpps |
_..mp patdsd Buiuean AP XTI Of 30 Fusgaafiig oy Jouy WL I pEY D) JuReas

{Z0-100Z 9 00-6661)
" [9A] UL PUE SIUPIYIS UONETLLI] J0 pogapy Aq pPMaagpy SE sdoi) THIYA U1 SIDIRIRE) [lacisy

TEICL

A
I




International Journal of Tropical Agriculture

“TO0T-100T = Ui 1002 000T =11 000Z — 6561 =1

960 (4 | 0sl 'l g0 210 FE BE' Le E£ED fE0 0vo 1'8¢ £LT 98¢ (S0 0=d) a2
805y £FLF 0S6F 9LT 8T'L TE'e gLE LTy ¥ £01 EL'B 8L 6 9GZT STEE L'StE MdN %Sl
L9Fr 9E'SE LOLP 99T Gl T (444 PR 96'0F LTk 101 Be6 s £60T 1'TZE BHTE HdM %6001
95t B0'FF  LOOF  FOT 81T 61T 85 £88c oalr nat 06 Pre 1'40T #4908  +90E WAL + MedN %etL
EFr ILEF  L9F%F 65T FI'T LT gee €VLE L6E 66 96 0L 6 6961 8LAT  L66L HdN %sL
8T LOIF  SOEF  LEE 60T FA By 4 0ee 6'bE 113 86 806 76 9987 9RST  Eeul WAL + HdN Sa0s
(MAN) 1243] Juanng,
91 Sk It 1t L1e SN SN SN SN SN SN SN SN SN SN (S00=d) a'D
"I (suoneSul £)
ey 15°er 65 F5T 80'T vo'e e TL9E  9Ek 001 LE'6 hE'6 eH0T  LO6T  G'YIE CTORL JouUE]
EEEF  ElFF 919 ¥OL 9Lt A 695 6E6f  6'at 20l oFé e 1961 SF0S  O'FST 13 60 18 uonedyg
BLbY ey sty 89T 0Tt LT 9°Ts 68t E£8E 86 1¥'6 £ré 00T 9808 TEIE L ASY %08 18 uonedi)
(D (NI THED)
9E'sy  08¢F 6TSF  I'LT LI'e (et 19¢ 9y Ctd €01 616 696 £61T  SlIE 6Tt JEms |EaND
ANPIYIS WONESLLI]

oo i W P i ; won ! moon I
i W.b.‘m_.,. Apa poay 408 ._~E.u\_ Tu dad .

Wl gt A3 pyEian winany dad daguimi Wi yriua) poay oy praYy dDa jur o

P

(ZT0-100T 01 -6661)
(A JUILLNA] PUE INPIYIS UOHERLLIL JO POIAJY A Paidajy se doay PEIGAN JO SINIRINY Y PIAA
g 3qeL




Influence of Irrigation Schedule and Nutrient Management on Soil Properties.... 213

Fig. 4: Critical levels of Assimilation and Growth in Relation
to Grrain Yield of wheat
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Contrary to this, there was significant variation in grain as well as straw yields due
to change in nutrient levels in all the years of experimentation (Table 6). The highest
orain yield of 35.4 g/ha was obtained in case of 125 per cent NPK but it was at par with
its lower dose (control) i.e. 100 per cent NPK (33.38 g/ha). Both were significantly
superior over rest of the treatments under experimentation. A similar study conducted
by Kulhare,P.S (2003) on wheat crop found that N:P:K at 100% recommended rate
(100:60:40 kg/ha) has significantly increased grain and straw yield compared to no
treatment and 50% recommended rate.

75 per cent NPK + 15 t FYM/ha gave a good yield of 30.9 g/ha but it could not
showed its superiority over 75 per cent NPK which yield 29.68 g/has. Both these
treatments being at par to each other, were significantly superior over 50 per cent NPK
+ 15 t FYM/a (27.25 g/ha).

Critical Yield

Critical RGR and NAR across different irrigation schedules and nutrient treatments
were 0.08 g/day and 20 g/sq.m/day respectively and critical yield was 31.5 g/ha. It was
observed that the yield of wheat was closely related with NAR and CGR
(Chandrakumar,et al 2004). Consequently, the treatment combination of irrigation
schedule and organic cum inorganic fertilizer nutrient found for critical yield was
Irrigation at 0.9 IW/CPE ratio with 75% NPK and 15 tha FYM (Fig. 4).
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CONCLUSIONS

A combination of irrigation at CRI + Late tillering + milking + dough stages with 75%
NPK = FYM 15/ha is suitable for achieving better yields in these soil besides improving
the soil properties and nutrient availability, However, the combination found for critical
yicld was 0.9 IW/CPE ratio with 75% NPK& FYM @ 15 tha, Nutrient substitution
throush FYM @15 tha saved 25 % NPK as well as improved soil physical properties
(Bulk density and Infiltration Rate) of the soil.
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