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A long-term field experiment started in 1995 on Research Farm of Department of Soil
Science, CCS Haryana Agricultural University Hisar (India) was selected to study the effects
of organic manures and chemical fertilizers on productivity, seed quality and nutrient use
efficiency of wheat under pearl millet-wheat cropping system. The organic manures (15 Mg
FYM, 5 Mg poultry manure and 7.5 Mg pressmud) were applied alone and in combination
with fertilizers (150 kg N+30 kg P,O5 ha™!) and compared with chemical fertilizers applied
alone (150 kg N+60 kg P,Osha™! and 75 kg N+30 kg P,O5 ha™!). The results showed that
the application of organic manures in combination with N and P fertilizers significantly
increased all yield attributes, i.e. plant height, number of tillers/m row length, spike length,
number of grains/spike. Higher grain yield of wheat (61.4, 57.4 and 62.7 q ha') was
observed when recommended dose of N and half of P was applied in conjunction with FYM,
poultry manure and pressmud, respectively. Grain yield of wheat increased by 13.5, 6.1 and
15.9%, respectively, under same treatments when compared with recommended dose of N
and P fertilizers. Among the organic manures, highest yield (32.9 q ha!) was obtained with
pressmud application. However, application of organic manures alone resulted in poor yield
and even lower than 50% recommended dose of N and P fertilizer. All the seed quality
parameters (standard germination, shoot length, root length, seedling dry weight, seedling
vigour index-I and -IT) improved with the combined application of organic manures and
chemical fertilizers as compared to their individual application. The partial factor productiv-
ity of N and P increased with combined application organic manures and chemical fertilizer
as compared to chemical fertilizers applied alone, however, nutrient harvest index and their
utilization efficiency decreased with combined application of organic manures and fertilizers
as compared to their individual application.
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Introduction

Wheat (Triticum aestivum) is the second most important food crop in India (after rice) and
occupies about 26.7 million hectares area and contributes about 33.9% of the total food
grain production of country. This signifies the important contribution of wheat in meeting
the food requirements of the country. The demand for wheat by 2050 is expected to in-
crease by 31% over the 683 million tons consumed in 2008 (Dixon et al. 2009). Increas-
ing wheat productivity is a national target to fill the gap between wheat consumption and
production. Therefore, this is necessary to provide a good soil conditions for better growth
of wheat crops in achieving high qualitative and quantitative yield. Seed is also an impor-
tant component of agricultural production and availability of viable and vigorous seed at
the planting time is very important for achieving the yield target (Peerzada et al. 2016).

The modern production system with indiscriminate use of chemical fertilizers and
pesticides is facing a sustainability problem. Over the past decade India has exhibited a
rapid uptake of organic farming. The application of ample amounts of organic manure is
the key for success of organic farming. The continuous addition of organic manures to
the soil not only increases its humus content year after year but also improves physical
and chemical conditions by providing a favorable soil structure, enhancing soil cation
exchange capacity, increasing the quantity and availability of plant nutrients and provid-
ing the substrate for microbial activities (Bohme and Béhme 2006). However, use of
organic inputs in cropping system often has to deal with a scarcity of readily available
nutrients in contrast to high input cropping system which relies on widely available
soluble fertilizers.

Thus, soil fertility can be restored effectively through adopting the concept of Inte-
grated Soil Fertility Management (Antil et al. 2011) encompassing a strategy for nutrient
management based on natural resource conservation. Integrated use of organic and inor-
ganic nutrient sources support to sustain yield and build up soil quality for enhanced
production (Kumara et al. 2013; Brar et al. 2015). However, integrated use of organic
manures like farm yard manure with mineral nitrogen sources is advocated due to its
profound benefits. Keeping in view the importance of integrated use of organic manures
and mineral fertilizers, present study was carried out with the objective to find out the
relative performance of different organic manures and chemical fertilizers on yield, NPK
uptake and their use efficiency by wheat in a pearl millet-wheat cropping system under
semi-arid environment.

Materials and Methods

A long-term field experiment was initiated in 1995 at Research Farm of Department of
Soil Science, CCS Haryana Agricultural University, Hisar, Haryana (India) to study the
effects of various combinations of organic manures and chemical fertilizers on productiv-
ity and fertility of soil under pearl millet-wheat cropping sequence. The experimental site
is located at 29°16°N latitude and 75°7’E longitude in north-west part of India. The cli-
mate of the area is semi-arid with a mean annual precipitation of 443 mm and mean an-
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nual temperature of 24.8 °C. The soil was coarse loamy, Typic Ustochrept. The physico-
chemical properties of surface soil (0—15 cm) analyzed at the start of experiment (1995)
was as follows: pH 8.1, EC 0.36 dSm!, OC 0.39 percent, and available N P K 196, 25.2,
434 kg ha'!, respectively. The average nutrient composition of farmyard manure (FYM),
poultry manure and pressmud applied in the experiment during past 20 years was as fol-
lows: OC 38.1, 25.2, and 49.6 percent, total N 1.2, 2.51, and 3.23 percent, total P 0.97,
1.82 and 1.10 per cent and total K 1.87,1.72, and 0.86 percent respectively. Since 1995,
the following ten treatments with three replications were maintained on the permanent
plots in randomized block design: T, : 75 kg N+ 30 kg P,Os ha'!, T, : 150 kg N+ 60 kg
P,Osha!, T;: 15MgFYMha!,T,: ISMgFYM+150kgNha!, T5: 15 Mg FYM + 150
kg N+30 kg P,O5 ha!, T, : 5 Mg poultry manure ha'!, T, : 5 Mg poultry manure + 150
kg N+30 kg P,Os ha'!, Tg : 7.5 Mg pressmud ha!, Ty : 7.5 Mg pressmud + 75 kg N + 30
kg P,Osha', T,,: 7.5 Mg pressmud + 150 kg N + 30 kg P,O, ha!. The plots are of 24x5 m
size.

The organic manures (FYM, poultry manure, pressmud) were applied once in a year at
the time of wheat sowing. However, same dose of chemical fertilizers were applied to the
succeeding crop pearl millet. The N and P were applied through urea and DAP, respec-
tively. The wheat crop (cv. WH 1105) was sown on 23" and 26" November, 2013 and
2014, respectively and recommended package of practices were followed for growing the
crops. The yield attributes, viz. plant height, number of effective tillers per meter row
length, spike length, number of grains per spike and test weight of grains were recorded
at the maturity of crop. Plant height, spike length and number of grain per spike were
recorded from each plot at twenty randomly selected plants. Ear bearing tillers from 1 m
row length at three places from each plot at maturity were counted and recorded as num-
ber of effective tillers per m row length. For test weight, 1000-grains were counted from
each treatment and then their weight was recorded.

Wheat crop was harvested manually with the help of sickle at about 2—3 cm above the
ground level and biological yield of sun-dried bundles of each plot was recorded. The
bundles were threshed and winnowed and grains so obtained were weighed. The straw
yield was obtained by subtracting the grain yield from the biological yield. Seed quality
parameters, viz. standard germination, root length, shoot length, seedling dry weight,
seedling vigour index -I and -II were determined as par standard procedure of ISTA
(2011). The plant samples collected at the time of crop maturity were dried in oven at
65=+2 °C up to constant weight. Then the samples were grounded in a stainless steel
grinder and stored in polythene bags for chemical analysis. Grain and straw samples were
digested in di-acid mixture of H,SO, and HCIO, in the ratio of 9:1 in digestion chamber.
The digested plant samples were analyzed for total N, P, K contents and uptake of these
elements were calculated by multiplying the nutrients content with yield. Total nitrogen
was determined calorimetrically by using Nessler’s reagent method (Lindner 1944).
Phosphorus was determined by ammonium molybdovanadate yellow colour method
(Koening and Johnson 1942) and potassium was determined by flame emission photom-
eter in acid digested plant material. Nutrient harvest index was calculated by dividing
nutrient uptake in seed with total nutrient uptake by crop and multiplied by hundred. The
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partial factor productivity (PFP) was calculated by dividing grain yield (kg ha') with
amount of fertilizer nutrient applied (kg ha™'). Similarly, nutrient utilization efficiency
was calculated by dividing grain yield (kg ha!) with total nutrient uptake (kg ha™').
Statistical analyses were accomplished using the program STATISTICA 6.0 Stat Soft,
Inc. (2001). Within the STATISTICA 6.0 after calculating ANOVA, we have applied
DUNCAN multiple-range test to compare significance differences within the treatments.

Results

Yield attributes

The pooled data of plant height, number of effective tillers per meter row length, spike
length and number of grains per spike varied from 70.98 to 89.95 cm, 31.38 to 81.92, 7.80
to 10.65 cm, and 46.87 to 65.85, respectively, under different treatment combinations of
organic and inorganic source of nutrients. The yield attributes were lower when organic
manures were applied alone, even lesser than half of recommended dose of NP fertilizers
(Table 1). The combined application of organic manures and chemical fertilizers resulted
in improved yield attributes over chemical fertilizer alone. The yield attributes were
highest under the application of pressmud,;N,5,P5, and were statistically at par with
FYM 5N 5,P5, treatment. However, under same treatment combination of poultry ma-
nure, only number of effective tiller was significantly lower than pressmud and FYM
treatment combinations. Among the organic manures, best results were obtained with
pressmud followed by FYM and poultry manure treatments.

Grain and straw yield of wheat

The grain yield of wheat varied from 26.1 to 57.1 and 25.7 to 68.3 q ha! under different
treatment combinations of organic and inorganic sources of nutrients during 2013-2014
and 2014-2015, respectively. The lowest grain yield of wheat was recorded when either
15 Mg FYM or 5 Mg poultry manure or 7.5 Mg pressmud ha!' was applied alone
(Table 1). When FYM were applied in combination with recommended dose of N ferti-
lizer, a significant increase in yield was recorded over FYM applied alone which was
statistically at par with recommended dose of NP fertilizers. The grain yield was further
increased when half of recommended dose of P was also added. Highest pooled grain
yield of wheat (62.7 q ha!) was recorded with the application of pressmud, s N,5,P5, that
was statistically at par with FYM,sN,5,P5,(61.4 q ha™!). Grain yield of wheat increased by
118.5, 117.4 and 90.6 per cent with application of 15 Mg FYM, 5 Mg poultry manure and
7.5 Mg pressmud ha™! along with recommended N and half of recommended dose of P
over manures applied alone, respectively. Similarly, grain yield of wheat increased by
13.5, 6.1 and 15.9 per cent under same treatments when compared with recommended
dose of N and P fertilizers. Even after application of organic manures alone for 20 years
in the same plot, the grain yield of wheat was significantly lower than that of 50 per cent
recommended dose of NP fertilizers.
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The straw yield of wheat followed the similar trend to that obtained by grain yield.
The pooled straw yield ranged from 38.1 q ha™! (poultry manures) to 78.9 q ha’!
(pressmud; 5N 5,P3). There was an increase of about 94.9, 94.5 and 74.6 per cent in straw
yield of wheat with application of 15 Mg FYM, 5 Mg poultry manure and 7.5 Mg press-
mud ha! along with recommended N and half of P over manures applied alone, respec-
tively. Similarly, straw yield of wheat increased by 10.4, 5.4 and 12.2 per cent under same
treatments when compared with recommended dose of N and P fertilizers. Harvest Index
(HI) varied from 41.2 to 43.9 per cent and higher HI was observed under combined ap-
plication of organic manures and fertilizers as compared to organic manures applied alone.

Seed quality

All seed quality parameters, i.e. standard germination, shoot and root length, seedling
length, seedling dry weight, seedling vigour index-I and -II improved with combined ap-
plication of organic manures and fertilizers as compared to their individual application
(Table 2). Under different treatment combinations, pooled data of standard germination,
shoot length, root length, seedling length, seedling dry weight, seedling vigour index-I
and -1I and test weight varied from 87.0 to 94.3 per cent, 9.28 to 10.50 cm, 24.25 to 26.66
cm, 34.14t0 37.16 cm, 12.5 to 14.1 mg, 2980.6 to 3502.1, 1108.1 to 1325.9, and 40.34 to
43.42 g, respectively. All the seed quality parameters except test weight showed highest
value under pressmud,;N,s,P;,, while test weight was found highest under FYM,;.
Standard germination was significantly higher with application of pressmud and poultry
manure alone as compared to recommended dose of chemical fertilizers applied alone.
Among organic manures applied alone, higher values of all the seed quality parameters
(except test weight) were observed with pressmud treatments followed by poultry manure
and FYM.

Nutrient concentration (NPK) and uptake by wheat crop

Pooled data of nutrient concentration revealed that the organic manures applied alone
were resulted lower NPK concentration in wheat grain. However, when organic manures
were applied in conjunction with N or NP fertilizers, then only N concentration improved
significantly. The N, P and K concentration in wheat grain ranged from 2.40 to 2.54; 0.44
to 0.53 and 0.25 to 0.30 per cent, respectively under different treatment combinations
(Table 3). Among all the treatments, highest (2.54 per cent) and lowest (2.40 per cent) N
concentration in wheat grain was observed with pressmud, ;N 5,P5, and poultry manures,
respectively. The P concentration in wheat grain was highest (0.53 per cent) and lowest
(0.44 per cent) with application of FYM, 5N, 5,P5, and N,sP5,, respectively. The highest K
concentration (0.30 per cent) in wheat grain was observed in FYM,N,5,P;, and poultry
manure; N, 5,P5, treatments, while lowest (0.25 per cent) was observed in FYM, 5N 5.
The results showed that N, P and K concentration in wheat straw ranged from 0.16 to
0.26; 0.020 to 0.046 and 1.07 to 1.99 per cent, respectively. The highest (0.26 per cent)
and lowest (0.16 per cent) N concentration was found in pressmud, sN,5,P5, and NP5,
respectively. In contrast to wheat grain, P concentration in wheat straw was highest (0.046
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per cent) with poultry manuresN,s5,P5, and pressmud, sN, 5P, that was statistically at par
with FYM 5N 5,P5, (0.045 per cent) treatment. Highest K concentration in wheat straw
(1.99 per cent) was noticed in poultry manuresN,s,P5, and lowest (1.07 per cent) where
FYM was applied alone.

The total N, P and K uptake by wheat crop varied from 69.76 to 178.86; 14.62 to
36.24 and 49.88 to 150.21 kg ha!, respectively, among different treatment combinations
(Table 3). The lowest total N and P uptake was observed with application of poultry ma-
nure alone, while lowest K uptake was observed with the application of FYM alone. The
highest total N, P, K uptake was observed with application of pressmud; sN;5,P5,. Among
organic manures, highest N, P and K uptake by wheat crop was observed where only
pressmud (88.00, 17.80 and 66.37 kg ha'!, respectively) was applied. Total N, P and K
removed by wheat crop was higher when organic manures were applied in conjunction
with NP fertilizers. With the application of FYM 5N, 5P, poultry manuresNs,P;, and
pressmud; sN,5,P50, the N, P and K uptake by wheat crop was increased by 16.4, 8.1 and
20.8 per cent, 21.9, 12.6 and 22.8 per cent and 51.5, 46.7 and 61.0 per cent, respectively,
over application of recommended dose of N and P fertilizers.

Nutrient harvest index and nutrient use efficiency

Nutrient harvest index reflects the ability of plant to transfer nutrient from shoot to grains.
Nitrogen, phosphorus and potassium harvest index (NHI, PHI, KHI) varied from 88.8 to
91.9, 89.8 to 94.2 and 10.3 to 16.4 per cent, respectively, under different treatment com-
binations (Table 4). With the application of full dose of chemical fertilizers, the NHI, PHI
and KHI was lower than half dose of recommended chemical fertilizer. The nutrient har-
vest index decreases with combined application of organic manures and chemical fertiliz-
ers as compared to that obtained by application of organic manures and fertilizers alone.
The higher PHI was observed where only organic manures was applied as compared to
that observed under recommended dose of chemical fertilizers, however, reverse trend
was observed in case of KHI and there was no much difference in NHI. The partial factor
productivity of nitrogen (PFPy) and phosphorus (PFP}) varied from 36.1 to 66.6 and 90.1
to 209.0 kg kg ! nutrient applied, respectively, under different treatments (Table 4). The
highest PFP and PFP, of wheat was observed in pressmud, sN,sP;,and pressmud; sN 5P,
respectively. However, their value was lowest when recommended dose of chemical fer-
tilizers were applied. Combined application of fertilizers along with 15 Mg FYM or 5 Mg
poultry manure or 7.5 Mg pressmud ha! increased the PFP of N and P as compared to NP
fertilizers applied alone. Nutrient utilization efficiency is ability of crops to convert ad-
sorbed nutrient into yield and in the present study, the nitrogen and phosphorus utilization
efficiency ranged from 35.0 to 37.8 and 170.4 to 214.2 kg kg ! nutrient uptake under dif-
ferent treatments combinations. Highest and lowest NUtE was observed with FYM, 5 or
poultry manures and pressmud, sN, 5P, respectively, while, highest and lowest PUtE
was observed with N,sP5, and FYM; 5N, 5,P5, respectively. Combined application of fer-
tilizers and organic manures resulted in lower NUtE and PUtE as compared to organic
manures and fertilizers applied alone.
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Discussion

All the yield attributes increased with the combined application of organic manures and
fertilizers. Increase in plant height may be due to the stimulation of cell division and in-
ternodes elongation resulted from nitrogen application. Similarly, increase in spike length
may be attributed to the role of nitrogen in promoting the vegetative growth and meris-
matic activity during growth (Zaki et al. 2012). Similar type of results was also reported
by Dekhane et al. (2015). Application of organic manures alone resulted in poor yield
attributes because organic manure alone cannot fulfill the nutrient demands of crop. Con-
tinuous application of organic manures alone for 20 years in the same field could not able
to produce the yield level as produced by recommended dose of chemical fertilizers. This
may be due to continuous loss of mineralized N from the soil by leaching and volatiliza-
tion processes and reduced the nitrogen use efficiency. Thus, N cannot be saved with the
application of any type of organic manures. The higher yield of wheat observed with the
application of pressmud over other manures may be due to better soil quality developed
with pressmud application which was indicated by higher microbial biomass carbon, for-
mation of more humic substances and deposition of lesser soluble salts (data not shown).
The pooled data revealed that the grain and straw yield of wheat under different combina-
tions of organic and inorganic source of nutrients follow the trend as: pressmud >
FYM > poultry manure, respectively. The supply of plant nutrient (fertilizers) and nutri-
ents mineralized from organic manures meet the need of the crop slowly but continu-
ously along with readily available macro and micronutrients which resulted in better plant
canopy. Consequently, the higher rate of photosynthesis resulted in increased productiv-
ity. Narwal et al. (2005) and Brar et al. (2015) also reported the superiority of combined
application of FYM and recommended dose of chemical fertilizers in increasing the pro-
ductivity of pearl millet-wheat cropping system compared to application of recommended
dose of chemical fertilizers alone.

All the seed quality parameters improved with the combined application of manures
and fertilizers over their individual application. The improved seed quality is due to better
filled seeds with higher protein content as indicated by higher N content in the seed
(Table 3). The increase in seed quality with the combined application of organic manures
and fertilizers may also be due to accumulation of higher quantities of seed constituents
like carbohydrate in the seed under well-nourished conditions thus gave bold, good qual-
ity and vigorous seeds (Raissi et al. 2012). The results of present study are the conform-
ity of previous findings of several researchers (Channabasanagowda et al. 2008; Peerzada
etal. 2016).

Conjunctive use of organic manures and chemical fertilizers resulted in increase of N,
P and K concentration and uptake due to the improvement in soil properties which re-
sulted better absorption of water and nutrients from native as well as applied sources
(Antil et al. 2011; Brar et al. 2015). The increase in uptake of nutrients with integrated use
of FYM and fertilizers have also been reported by several workers (Chesti et al. 2013;
Parmer 2014). In present study, pressmud application with low C: N ratio and high N
content tended to decompose faster and release nutrients for crop uptake. While Bahadur
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et al. (2013) reported that NPK uptake was higher with application of FYM as compared
to that of pressmud and compost, which might be due to variation in their nutrient com-
position and their release pattern in soil.

The reduction of N, P and K harvest indices would increase the efficiency of nutrient
use and reduce the removal of nutrients from agricultural systems, thereby contributing to
a more sustainable land use (Araujo and Teixeira 2003). The PFP of N and P increased
with combined application of organic manures and fertilizers because manures reduced
the losses of nutrients and increased their availability in soil and hence they are more
utilized by the crop plants. Similar results were also reported by Vukovic et al. (2008).
Several studies indicated that a decrease in NUE with increasing fertilizer rates is because
grain yield rises less than the N supply in soil by fertilizer application (Lopez-Bellido and
Lopez-Bellido 2001). Similar to NUE, increase in nitrogen fertilizer dose also decreased
the nitrogen utilization efficiency. The results are in conformity with results of Haile et al.
(2012), who reported that N utilization efficiency (NUtE) was decreased with increased
fertilizer application rates. In the present study, increased in grain yield decreased NUtE
and vice varsa, while, Muurinen et al. (2007) concluded that increasing grain yield in-
creased NUtE and also reported a strong relationship between NUtE and grain yield.

All these results clearly depict that combined application of organic manures and
chemical fertilizers not only gave better yield, seed quality, and partial factor productivity
but also lowered the nutrient harvest index and nutrient utilization efficiency as compared
to organic manures and fertilizers applied alone. All these facts draw the conclusion that
more focus should be given to combined application of organic manures and chemical
fertilizers that helps in sustainable production and environment friendly conditions.
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