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Modified split application of nitrogen with biochar improved grain yield and nitrogen use
efficiency in rainfed maize grown in Vertisols of India
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Abstract
Conventionally, non-judicious and blanket fertilizer nitrogen (N) used in rainfed maize lead to higher N
losses, low N use efficiency (NUEs) and poor yields due to substandard agronomic management
practices. To avoid such N losses, fertilizer additions are synchronized with plant uptake requirements. In
this context, agronomic based management focused on optimizing N rates and biochar application is
essential for improved NUEs and crop productivity. Keeping this in view, a field experiment was
conducted during 2014, 2015 and 2016 in rainfed maize (Zea mays L.) grown in Vertisols of India. In this
study, twelve treatments that comprised of N omission plot (NO), skipping of basal rate, multi-split
topdressing at varying time as broadcast and band placement, soil test crop response (STCR) based NPK
with target yield 6.0 t ha'! in maize and biochar application (10 t ha™') were investigated. The experiment
was conducted following a Randomized Complete Block Design (RCBD) set up with three replications.
Pooled analysis of three years data revealed that the application of N rates (120 kg Nha™!) in 2 equal splits
(60 kg Nha') at knee high (V8) and tasseling (VT) stages with skipped basal N rate, achieved higher
maize grain yield (5.29 t ha™') ascribed to the greater growth parameters, yield components and N uptake

compared to the recommended practices. Biochar application (10 t ha™') as soil amendments along with
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multi top dressed N (120 kg N ha™') into 3 splits also increased the grain yield. Delayed N application at
V8 and VT growth stages, resulted in higher N uptake, agronomy efficiency (AE), partial factor
productivity (PFP), physiology efficiency (PE) and recovery efficiency (RE). Biochar along with N
fertilizer also improved the soil organic carbon (5.47g kg!), ammonium-N (2.40 mg kg!") and nitrate-N
(0.52 mg kg™") concentration in soil (P<0.05) as compared to non-biochar treatments. Application of
biochar along with chemical fertilizer (120 kg Nha™') significantly increased the concentration
of ammonium (2.40 mg kg!) and nitrate (0.52 mg kg') in soil (P<0.05) as compared to non-biochar
treatments. The perfect positive linear relationship illustrated that the grain yield of rainfed maize was
highly dependent (R’°=0.99 at p<0.0001) on N availability, as indicated by the fitted regression line of
maize grain yield on N uptake. On the other hand, factor analysis revealed, the one to one positive
function relationship of biomass with N uptake at V8 and VT growth stages. Principal Component
Regression (PCR) analysis showed that PC1 acted as a major predictor variable for total dry matter yield
(TDMY) and dominated by LAI and N uptake. Consequently, these results expressed that the agronomic
management based multi-top dressed N application and biochar application to achieve higher yield and
greater NUEs in rainfed maize is strongly linked with N application into splits.

Key words: Biochar application; Grain yield; Multi-Split N application; Nitrogen use efficiency;
Rainfed maize
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Abbreviations:

AE, agronomic efficiency; DMA, dry matter accumulation; N, nitrogen; NDM, nitrogen content in dry
matter; NUDM, nitrogen uptake in dry matter; NUE, nitrogen use efficiency; PCR, principal Component
Regression; PE, physiology efficiency; PFP, partial factor productivity; RE, recovery efficiency; STCR,

soil test crop response; TDMY, total dry matter yield; VT, vegetative tasseling stage of maize.
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Introduction

Globally maize (Zea mays L.) is an important food crop with highest productivity compared to any other
food crops [1]. Since, maize is a heavy nutrient exhaustive crop [2] and being C4 plant type, requires a
regulated and assured supply of nutrient particularly nitrogen (N) fertilizer throughout its growing period
[3]. Nitrogen fertilization assured centerstage for maize production [4] but N fertilizer is a costly input
and it is very complicated to manage because its utilization is largely dependent on agronomic, genetic,
biological, soil and climate factors [5]. Nitrogen fertilization and time of its application is most crucial
for higher productivity of maize [6]. However, non-judicious and excess use of chemical N fertilizer to
cropland may have negative impact on air, water, soil and biodiversity and also generate green house
gases [7]. Besides, conventional practice of N application (large portion) through surface broadcasting
just after maize planting instead of split application have led to the decrease in the crop production and
low N use efficiency in India [8] because the N is applied to the soil is vulnerable to losses from the soil—
plant system passing through volatilization, de-nitrification, leaching, run-off causing serious threat to
environmental quality [9]. Thus, full supply/application of N at the time of planting has resulted in poor
matching between the soil supply and the crop demand, leading to high organic N in soil before the peak
crop requirement [10], resulting into unpromisingly low NUE. The poor NUE not only have negative
impact on the crop yield but also have raised the environmental concerns [11]. Therefore, efficient N
fertilizer management strategies will be at the forefront of measures to improve crop yield and NUE [12].
Numerous studies have pioneered on improved N management practices to achieve higher crop yield and
NUE in maize such as split application [13], timing N of application [14], band placement of N fertilizer
[15], site specific nitrogen management [16] and soil test based N rate [17]). These agronomic
management practices either boost the availability total amount of N, tuned as a multi-split application
through better synchronization or decrease the N losses ([18].Top dressing N into multi-split application
increased total N accumulation and decreased stem nutrient content remobilization [19]. Even though,

uncontrollable factors like temperature, rainfall timing, intensity and amount, and interactions of
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temperature and rainfall were also strong relationship with crop yield and N uptake [20]. Skipping the
basal rate of N and sifting it at crop establishment stage enhanced the grain yield and agronomic use
efficiency at 130 kg N ha™! application in rice [21]. Maize produced higher growth and yield component
with multi-split N application at later growth stage and also had a positive impact on maize yields [22].
With the application of N at V6 stage, plant exhibited N deficiency resulting in decreased cell division
and cell elongation, which decreased leaf length and delayed time for leaf expansion and consequently
decreased grain yield [23]. In general, it was reported that the benefit of late split N applications is
mainly depended on quantity and application pattern and there were no evidence of decline in yield level
with delayed N application in maize until V11 [24].

Most of previous studies on multi-split N application for improving crop yield and N use efficiencies in
rainfed maize are limited and also N recommendations for maize are less accurate than desired. The
objectives of this study were to; (i) determine the effect of multi-split N application on biomass and N
accumulation at different growth stages, (i) know the time and rate of N application for better synchrony
between soil N supply and crop N demand for potential yield and greater NUEs, (iii) identify the impact
of skipping basal N rate on plant growth and N uptake in whole plant biomass, (iv) investigate the impact

of biochar application as a soil amendment on crop yield and N use efficiencies in rainfed maize.

Materials and methods

Description of experimental site

A 3—years field study was performed in 2014, 2015 and 2016 at the research farm of ICAR-Indian
Institute of Soil Science (ICAR-IISS), Bhopal, Madhya Pradesh, India (23°18'N, 77°24" E, 485 m above
mean sea level). The soil of the experimental site was an Isohyperthermic, Typic Haplustert with deep
heavy clayey in texture (24.5% sand, 23.5% silt and 52.0% clay) and slightly alkaline in reaction
(pH=7.8). The soil was low in organic carbon (4.5 g kg™!), low in available KMnO4-N (206.6 kg ha™),

but high in available Olsen’ P (50.0 kg ha!) and high in NH40OAc—K status (621.0 kg ha') (Table 1). The


https://doi.org/10.1101/2020.07.13.200345
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.13.200345; this version posted July 13, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

100  climate of the region is sub-humid with cool, dry winters, a hot summer and a humid monsoon season
101  with 30 years mean annual rainfall of 1130 mm and potential evapo-transpiration of 1400 mm [25].

102  Table 1 Initial soil physicochemical properties of the experimental site

Soil properties Values
Soil order Vertisols
Textural class Clayey (Isohyperthermic, Typic haplustert)
Sand (g kg 245.0
Silt(g kg™ 235.0
Clay (g kg 520.0
Bulk density (Mg m3) 1.34
Porosity (%) 52.14
Mean weight diameter (mm) 0.83
Water stable aggregates (mm) 75.14
Organic carbon (g kg™! soil) 4.50
Available KMnO4-N (kg ha'!), 206.6
Available Olsen’ P (kg ha-1) 50.0
NH40AcK (kg ha!) 621.0
pH (1:2.5 soil/ water) 7.80
EC (dSm™'at 25 °C) 0.17

103

104  Daily fluctuation in rainfall, minimum (Tmin) and maximum temperature (Tmax) during the study period
105  are presented in Figs 1-3. The maize crop was grown during wet season (rainy) from June to October.
106  The weather parameters during experimentation were recorded at ICAR-IISS metrological observatory
107  near to the experimental plot. The meteorological data showed a marked variation in weather condition
108  during the three years of the experiment. Temperatures (maximum and minimum) remained more or less
109  constant while, rainfall varied significantly during crop season.

110 Experimental set-up

111  The experiment was arranged with twelve treatment combinations in Randomized Complete Block
112 Design (RCBD) for rainfed maize with 6 m x 5Sm plots replicated thrice during all three years. The N rates
113 including 0, 90, 120 and 175 kg ha! (STCR) were applied at basal (at planting), knee high (V8), tasseling
114  (VT) and silking stages (R1) and basal N rate was skipped in some treatment and it was applied at V8 and
115 VT stages. An absolute NPK control and N control plots were also maintained. Fertilizer N rates and time
116  of application are further described in Table 2. The N rate was applied through urea as per treatment
117  details and all plots received the same treatments throughout the period of study. The sources of N, P, and

5
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K were prilled urea, single super phosphate (SSP) and muriate of potash (MOP), respectively. While,
recommended dose of P (40 kgha'), K (60 kgha') and Zn (5 kgha') were applied uniformly in all
treatments except absolute control (NOPOKO) at the time of final land preparation. One treatment was kept
on soil test crop response (STCR) equation based NPK fertilizers 175:57.6:55.4 kg ha™'N, P,Os and K,O,
respectively for a target yield of 6.0 t ha™'.

Table. 2 Treatment description and fertilization regime for the maize crop used in all three years

Treatments N rate (kg ha™!) at different growth stages Total
Basal Knee high |Tasseling | Silking | Nitrogen
(V8) (VT) (R1) (kgha)
T1 Absolute control 0 0 0 0 0
T2 N control (Ng) 0 0 0 0 0
T3 Nso-N30-N3p through Broadcast 60 30 30 0 120
T4 N30-N30-N3pthrough Band placement (Basal) 30 30 30 0 90
T5 No-Ngo-Ngo through Broadcast 0 60 60 0 120
T6 No-Nys-Nys through Broadcast 0 45 45 0 90
T7 No-Ngo-Nyg-Nyo through Broadcast 0 40 40 40 120
T8 No-N39-N3-N3g through Broadcast 0 30 30 30 90
T9 No-Ngo-N39-Ny through Broadcast 0 60 30 0 90
T10 | *STCR based NPK through Broadcast
(Target yield -6.0 Mg ha')) 86.3 432 43.2 0 172.7
T11 Biochar (10tha™!) + T3 60 30 30 0 120
T12 | Biochar (10tha') +T4 30 30 30 0 90

*STCR, Soil test crop response equation

Soil test crop response equation (STCR) based fertilizer rates was calculated based on initial soil test

value of N, P and K with target yield and adjustment by STCR prescription equations. The fertilizer

prescription equations for maize were as follows;

FN= 44T— 0.23SN (1)
FP205 = 2.38T- 1.40 SP (2)
FK20 = 2.07 T - 0.08 SK (3)

Where, FN = Nitrogen (kg ha™) to be applied from fertilizer (1), FP,Os = Phosphorus (kg ha™!) to be
applied from fertilizer (2), FK,O = Potash (kg ha™) to be applied from fertilizer (3), T = Targeted yield (t
ha™'), SN = Available nitrogen (kg ha™') from the soil, SP = Available phosphorus (kg ha™') from the soil
and SK = Available potassium (kg ha™!) from the soil. The fertilizer rates were reduced by 80% of the
total amount of STCR based fertilizer dose because these equations were developed under optimum

irrigation condition with 5 irrigations. For rainfed condition, maximum 3 irrigations can be provided and
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138  hence only 80% of the dose obtained from STCR equation is used. The biochar treatment was also kept as
139  soil amendment (10 t ha™') in combination of the T3 and T4 treatments. For the biochar preparation, drum
140  method (indigenous technique) was used. Subabul (Leucaena leucocephala) biomass was collected from
141  institute farm and sun dried. The subabul leaf, twigs and stem were chopped at desired size then pyrolized
142  under oxygen-limited conditions and allowed to cool overnight. Subsequently, the biochar was crushed
143 manually and ground to pass through a 5 mm sieve and applied in plot as per treatment details. . The
144  chemical properties of original biochar are presented in Table 3. Biochar pH and electrical conductivity
145  (EC) were determined in 1: 5 biochar to deionized water extraction [26]. Total C in original biomass and
146  biochar sample were determined by dry combustion method using Shimadzu TOC analyzer. The ash
147  alkalinity of biochar was determined by the method outlined by [27]. Briefly, the ash of biochar was
148  obtained by heating the sample at 500°C for four hours in muffle furnace and then 0.5 g of biochar ash
149  was dissolved in 25 ml of 1 M HCI. Subsequently, 5 ml of aliquot was titrated against 0.05M NaOH.
150  Basic cations concentration (Ca’*, Mg?*, K* and Na") in aliquot was determined using the method as
151  mentioned in case of soil. Biochar sample alkalinity was determined using the back titration method. In
152  brief, 0.2 g of biochar sample was weighed into a beaker in triplicate followed by addition of 40 ml of
153  0.03M HCI solution. The samples were shaken for 2 hours on horizontal shaker at 25°C. After shaking
154  samples were left undisturbed for 24 hours. Residual HCI was titrated to pH 7.0 with 0.05M NaOH.
155  Biochar alkalinity was computed by determining the amount of HCI consumed.

156  Table 3. General characteristics of biochar used in the study

Parameters Value
pH(H,0) 9.3
EC (dS m) 0.14
Total C (g kg!) 79.9
Ash (%) 7.4%
Biochar alkalinity (cmol (p+) kg™ 39
Ash alkalinity (cmol (p+) kg!) 580
Exchangeable Ca?* (cmol (p+) kg'!) 52
Exchangeable Mg?* (cmol (p+) kg'!) 3.3
Exchangeable K* (cmol (p+) kg!) 17
Exchangeable Na* (cmol (p+) kg!) 0.85

157
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158 Crop culture and management

159  The maize was planted during kharif or wet/rainy season on 10 July in 2014, 19 July in 2015 and 26 June
160 in 2016 as rainfed crop. Before planting of the maize, field was leveled by tractor drawn laser leveler
161  subsequently; two cross ploughings with disc plough and one ploughing with cultivator followed by
162  planking were done for land leveling. Maize seed (Pro-agro 4212- 95-110 day’s duration) was treated
163  with imidacloprid @ 2g kg 'seed, to avoid the insect attack and the seed (20 kg ha™') was planted at
164  spacing at 0.60 m x 0.25 m. Glyphosate [N- (phosphonomethyl) glycine] was sprayed at 1.0 kg ha! in all
165  plots about a week before maize planting for the controlling of weeds. Hand weedings were also done at
166 25 and 50 DAS (days after sowing) to check weed growth and at the time of second weeding, earthing up
167  operation was also carried out. To avoid any early damage from insects, chloropyrifos (1.5 L ha™') was
168  sprayed a week after sowing.

169  Growth and yield analysis

170  After the maize was planted to the field, 10 plants were tagged randomly in second row of north side. The
171  data on different parameters under growth stage of maize i.e. knee high, tasseling, silking and
172 physiological maturity stages in every treatment were recorded. For measurement of plant height (PH),
173 dry matter accumulation (DMA) and leaf area index (LAI) the above-ground parts of the maize plants
174  from 10 pre-determined plants from each treatment were sampled periodically over a knee high (V8),
175  Tasseling (VT), silking (R1) and physiological maturity (PM). Plant height was measured from base of
176  the stem to the base of last fully opened leaf periodically. Thereafter, plant samples taken to the
177  laboratory and leaf area was measured from the leaves of sampled plants by using the leaf area meter
178  (Model LI-COR-3100) and leaf area index was worked out as ratio of total leaf area to the land area of
179  the sampled plants. Then, the plant samples were dried at 70 °C until constant weight and weighed to
180  determine the dry matter weight. At maturity, pre-determined 20 plants of each treatment were used to
181  measure the plant height, dry matter yield and yield attributes (excluding the border plants). The length of

182  cobs was measured from the base to the tip of cob and girth of cobs was measured at three places viz. near
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183  the butt, in the middle and at the top with the help of a thread and measuring scale and the values thus
184  obtained was averaged. The total number of kernel rows per cob and shelling percentage was also counted
185  from selected cobs. While, total number of kernels in a row was counted from cobs selected for recording
186  the number of grains grain row ! and averaged out. The maize crop was harvested at maturity and sun
187  dried at open place, then total biomass was weighed and recorded as total dry matter yield. The produce
188  was then threshed and kernels were separated, dried (upto 12% moisture content) and weighed for grain
189  yield. The maize grain yield was determined by adjusting the values with the corresponding shelling
190  percentage and moisture conversion factor and the grain yield of all plots were finally presented
191  uniformly at 12% moisture of three years data. Stover/ straw yield was obtained as difference between
192  total dry matter yield and grain yield. The values were finally expressed in terms of t ha™!.

193  Plant analysis for N accumulation and N use efficiency (NUEs)

194  Dry matter of whole plant, grain and stover samples of maize from each treatment were ground into
195  powder by a grinding machine and 0.5 g dried powder were taken for digestion using Kjeldhal method.
196 AR grade concentrated sulfuric acid was used for digestion of dried samples at temperature between 360
197  and 410 °C. The rate of digestion was accelerated by using copper sulphate as catalyst, and anhydrous
198  sodium sulphate to raise the boiling temperature of sulfuric acid (H,SO,). After completion of digestion,
199  the samples were cooled and diluted concentrated alkali (40% NaOH) was added to H,SO, digest for
200  distillation. The distilled ammonia was quantitatively absorbed in boric acid and titrated against standard
201  acid (0.1 N H, SO,) and the N content was calculated. Accordingly, N uptake pattern at different growth
202  stages by maize was calculated by multiplying nutrient concentration with respective dry matter,
203  accumulations/absorption. The agronomic efficiency (AE), partial factor productivity (PFP),

204  physiological efficiency (PE) and recovery efficiency (RE) were calculated by the following formulas:

205 AE = (GY - GY0)/ FN (4)
206 RE = (N up - NO up)/FN (5)
207 PE = (GY - GY0)/ (N up - NO up) (6)
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208 PFP = GY/FN (7)
209  where GYO0 and GY represent the grain yield in the NO plot and fertilized N plots, respectively; and FN is
210  the quantity of N fertilizer applied in N fertilized plot; NO up and N up are the total nitrogen uptake in

211 above ground biomass in the NO plot and fertilized N plots, respectively.

212 Soil Sampling and Analysis

213 Composite soil samples were collected from each plot using a core sampler from 0 to 15 cm depth after
214 crop harvest. The samples were placed in plastic bags and transported to the laboratory, where air dry soil
215  sample were homogenized, ground to pass through a 2 mm sieve and analyzed soil organic carbon (SOC)
216 by the Walkley and Black method [28]. The concentration of ammonium (NH,*-N) and nitrate (NO3™-N)
217  in soil were determined by shaking 5g soil with 50 ml of 2M KCl for 1 hour, followed by centrifugation
218 and filtration through a filter paper. NH;* and NO;-N in filtered extracts were determined
219  colorimetrically using flow injection analyzer (FOSS, UK).

220  Statistical analysis

221 Data generated from the field experiments were subjected to the statistical analysis by using SAS 9.3
222 (SAS Institute, 2012). For combined analysis, treatment and year, both were treated as fixed effects in the
223 linear model. Data from the years 2014, 2015 and 2016 were combined as the variances were
224  homogeneous across these 3 years for all the parameters under study. Analysis of variance was performed
225  using PROC GLM. The post hoc test for treatment mean comparison under each parameter was done on
226  the basis of Tukey's Honest Significant Difference (HSD) at p= 0.05 by using MEANS statement under
227  PROC GLM with respect to the model error except year x treatment interaction when it was significant.
228  Linear bivariate regression analysis was done between maize grain yield (as a dependent variable) and
229  total N uptake (as an independent variable) using PROC REG. Factor analysis was conducted using
230 PROC FACTOR to understand the factors that influence nitrogen uptake as well as to assess patterns or
231  correlations among biomass and N accumulation variables. Factor analysis was conducted for two

232 conditions namely NO (N omission treatments) and N (treatments with N application). Variable factor

10
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233  maps were created using the first two factors obtained from the principal component analysis (PCA)
234  method after varimax rotation. The correlation between two variables is represented by the cosine of the
235  angle between them on variable factor map. Therefore, an acute angle implies positive correlation, an
236  obtuse angle implies negative correlation, and a right angle denotes no correlation [29]. Principal
237  component regression (PCR) between total dry matter yield with plant height, DMA, LAI, cob length, cob
238 girth, 100 kernel weight, grains cob™!, N content and N uptake in dry matter was conducted using PROC
239  PLS after resolving the multicollinearity problem among the independent variables. For detection of
240  multicollinearity in the independent variables, correlation study was carried out using PROC CORR and
241  for obtaining the optimum number of principal components; PCA was conducted with the independent

242 wvariables using PROC PRINCOMP.

243  Results

244 Weather conditions

245  The meteorological data showed a marked variation in weather conditions during the three years of the
246  experiment. Maximum and minimum temperatures remained almost constant during all the years,
247  whereas, rainfall varied significantly. Maximum temperature ranged from 26.8- 46.4 °C in 2014, 26.6-
248  44.3 °C in 2015 and 25.3-45.0°C in 2016 with mean around 32.8 °C during the three years (Figs 1-3).
249  Minimum temperature also varied from 15.1- 31.9 °C in 2014, 14.5-30.9 °C in 2015 and 13.3-33.3°C in
250 2016 with mean around 23.3 °C during the three years. The pattern of rainfall was varied during the three
251  years, in 2014, 89.3% (1009.5 mm) and in 2015, 87.3% (987.5 mm) of mean annual rainfall of 1130 (last
252 30 years) received during south-west monsoon period i.e. June to October. However, in 2016, crop
253  received 1488 mm of rainfall which was 31.7% higher than the mean annual rainfall. A slight variation in
254  grain yield and total biomass was due to fluctuation in weather condition and cumulative effect of
255  growing degree days (GDD) in all three years. The GDD was lowest in 2014 while 2015 had the highest
256  GDD during grain formation period.

257
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258  Plant height and leaf area index (LAI)

259  The maize plant height and LAI (Model LI-COR-3100) determined under different treatments in all three
260  experimental years at different growth stages i.e. knee high (V8), tasseling (VT), silking (R1) and
261  physiological maturity (PM) of maize (Table 4 and Fig 4). Pooled results indicated that the agronomic N
262  management based on multi top dressing had significant effect on plant height and LAI. The identical
263  trends among the different multi top dressing and biochar application was that the STCR based N dose
264  (172.7 kg Nha!) showed highest plant height and LAI values at all the V8, VT, R1 and PM stages and the
265  absolute control (NOPOKO) and N control (NO) always had the smallest plant height and lowest LAI
266  values. Among the different split- top dressing N doses, the plot which received full dose N (120 kg Nha~
267 ') into 3 unequal splits in combination of biochar (T11) produced tallest plants at V8 and VT and higher
268  wvalues of LAI at V8 only. However, at R1 and PM stages, the tallest plant and higher values of LAI were
269  observed with treatments where the total amount of N rates (120 kg Nha™!') was applied into 2 equal splits
270 at V8 and VT growth stages; TS, T7, T10, and T11 demonstrated comparable and non significant
271  differences in the plant height of maize at all growth stages (Table 4).

272 Table 4. Comparison of the plant height under different agronomic N management practices and biochar

273 application during crop growth stages (Pooled mean of 3 years)
Treatmentf Plant height (cm)
Days after planting Physiological

Knee high (V8) Tasseling (VT) | Silking stage (R1) Maturity (PM)
T1 28.2¢ 64.3" 81.6¢ 122.8¢
T2 29.7¢f 67.1f 87.3¢ 130.0¢
T3 40.3b 87.8¢d 133.2¢4 163.9b<d
T4 38.3b 82.64% 116.6° 158.0¢
T5 32.8% 95.1b¢ 136.5bd 177.22
T6 32.44< 83.0% 119.5¢ 161.4¢
T7 30.1¢f 90.3¢d 138.0b° 173.03b¢
T8 28.9¢f 77.4¢ 106.4f 155.24
T9 30.9¢f 95.2b¢ 127.14 160.8¢
T10 44.82 110.12 162.72 183.92
T11 41.2% 100.0° 146.4° 174.4
T12 36.6 87.9 142.3b¢ 164.1b<d

274 Pooled means followed by the same letters are not significantly different according to Tukey’s Honest Significant
275 Difference (P=0.05)
276
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277  Furthermore, combined results showed that the application of biochar with 3 unequal split doses of N
278 (120 kg Nha!) improved the plant height at all growth stages. The skipping of basal N dose showed crop
279  stress at initial growth stage (V8 and VT), but after receipt of N as top dressing at knee high (V8) and
280  tasseling (VT), increased plant height and LAI values was observed. There were no significant difference
281  in plant height and LAI at silking (R1) and physiological maturity (PM) when basal N rate skipped and
282  total amount was applied in 3 equal splits. On other hand, the plant height and LAI increased significantly
283  when total amount of N rate (120 kg Nha™!) was applied at V8 and VT as compared to lower N rate
284  (90kg Nha™') applied in 3 splits (120 kg Nha™') at V8, VT and R1 stages.

285 Biomass and nitrogen (N) accumulation

286  Combined analysis of the three years data indicated that the dry matter (g plant™') significantly varied
287  with different treatments, different growth stages viz., at the knee high (V8), tasseling (VT), silking (R1)
288  and physiological maturity (PM) (Fig 5). The differences among the treatments were significant at
289  different growth stages in all the three years, and highest biomass was observed with STCR based N
290  application when compared to the remaining treatments. Among the different time and rates, the highest
291  biomass accumulation was observed when, basal N rate was skipped and total amount of N was applied
292  into two equal split (T5) at V8 and VT stages. However, the highest biomass production was recorded at
293  PM stage. Application of biochar (10 t ha™') with full amount of N fertilizer (T3) into 3 unequal splits
294  were also significantly improved the biomass accumulation at V8, VT, R1 and PM stages of maize. As a
295  similar fashion of N accumulation in dry matter, the N accumulation was the highest at PM followed by
296  the R1, VT, and the lowest was in the V8 of maize growth stages (Figs 6 and 7). The highest N
297  accumulation in biomass was recorded with the STCR based fertilization (T10). However, among the
298  varying rates and time of application, the highest N accumulation in biomass was observed with the
299  application of total amount of N (120 kg N ha™!) applied into 2 equal splits at V8 and VT growth stages
300 while basal N rate was omitted (T5) as compared to other treatments. Remaining treatments were
301 comparable and showed non-significant differences at all growth stage in respect to N accumulation in

302  whole plant biomass during the experimentation.
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303  Maize yields and yield components

304  Pooled results indicated that the spliting of N rates had significant effect on yield components like cob
305  length, cob girth, 100- kernel weight and number of grains cobs™' during all three years (Table 5). The
306  crop grown under STCR based NPK application exhibited the greatest yield components among all the
307 treatments. However, among the different split top dressing, the higher values of yield attributing
308  parameters were recorded with the application of N (120 kg Nha™!) in 2 equal splits at V8 and VT and
309  omission of basal N.

310 Table 5. Comparison of the yield components under different agronomic N management practices and
311  biochar application (pooled mean of 3 years)

Yield components
Treatmentf Cob length (cm) Cob girth (cm) 100 -grain weight No of grains cobs™
(g)
T1 11.9f 10.8¢ 17.2b 216.2h
T2 12.8f 11.6% 18.1b 231.9n
T3 16.5¢ 14.0bc 22.5a 357.0d
T4 14.3¢ 12.8d 19.2b 313.5™
T5 17.8° 14.5% 22.0a 425.6%
T6 15.2¢ 12.9¢d 19.1b 331.3¢f
T7 17.2b¢ 14.7% 22.2a 404.0b°
T8 14.4¢ 12.44 18.8b 284.3¢
T9 15.3d 12.8d 18.0b 325.7¢f
T10 19.22 15.72 23.3a 458.72
T11 16.8b¢ 14.6% 22.5a 389.9¢d
T12 15.54% 13.8bc 19.3b 337.6¢f

312 Pooled means followed by the same letters are not significantly different according to Tukey’s Honest Significant
313 Difference (P=0.05)
314

315  Biochar application also improved the yield components as compared to no application of biochar. Lower
316  rate of N (90 Nha™') had no significant effect on yield components when it was applied into either 2 or 3
317  equal splits. Among the different yield components, the differences in the 100-grain weight were not
318  significant among the applied treatments. The highest number of grains cob™! for the TS and T11 was
319 mainly due to the cob length and cob girth from 17.8 to 19.2 cm which was greater than the other
320 treatments. Grain yield of maize varied in all three years with the applied treatments and yield reduction
321  was noticed with N control (NO) and absolute control (NOPOKO) treatments relative to all other treatments

322  (Table 6).
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323  Table 6 Comparison of the yield and biomass (t ha') of maize under the different agronomic N
324  management practices and biochar application

Gre;n };1eld Total b;;)m?ss yield Pooled mean
Treatmentf cars cars Grai Bi

2014 2015 2016 2014 2015 2016 ram 10mass

yield yield

Tl 2208 2.62¢ 1.88° 5.33¢ 587 427 2.23¢ 5.16f
T2 2,550 2.84¢de 1.93f 6.08¢ 6.40¢°" 4.33¢ 2.44f 5.60
T3 428bd | 5450 | 4250 | 10120 | 11.77® | 946 | 4.66%d | 10.450d
T4 391k | 4.08%d | 3634 | 93Ddef 9.004 8.47° 3.88ede 8.93de
T5 4.91b 6.328 5.020 | 10.99%<d | 13.10¢ | 10.77¢ 5.0 11.62
T6 3554 | 3.8]cde | 3.60d 8.66° 8.874 8.54¢ 3.65% 8.69¢
T7 4,53 539% | 4.10% | 10.14%c | 11.20%c | 9.38bc 4.80b 10.24b<d
TS 3160 | 3.79% | 320¢ 8.097 8.53de 7.044 3.39¢f 7.89¢
T9 374 | 392« | 3.87¢d | (.14 | 937 8.79¢ 4.09¢de 9.43cde
T10 5310 6442 | 4.96° 1247° | 13.10° | 10.87° 557 12.15
T11 4,874 5740 | 472® | 11.75% | 11.97¢ | 10.19® | 5.11% 11.30%
TI12 4.03b¢ 431% | 391 | 1023 | 9.47bd 8.84¢ 4.18ede 9.5]cde

325 Means followed by the same letters are not significantly different according to Tukey’s Honest Significant
326 Difference (HSD) (P=0.05)

327

328  STCR based NPK (T10) produced the maximum grain yield of 5.31, 6.44 and 4.96 tha™! during 2014,
329 2015 and 2016, respectively. While, application of N (120 kg Nha!) in 2 equal splits at V8 and VT with
330  skipping of basal N rate (T5) recorded second highest grain yield of 4.91, 6.32 and 5.02 tha! during 2014,
331 2015 and 2016, respectively. However, the differences in grain yield between the TS5 and the STCR were
332 not found to be statistically significant except the first year (2014). In contrast, the grain yield of maize in
333  the control and absolute control plots were consistently the lowest among all three years (Table 6).
334  Furthermore, the grain yield was also significantly increased with the application of biochar (10 t ha™)
335  along with recommended dose of N into 3 splits as compared to no biochar application in all three years.
336 STCR based NPK application recorded the highest total dry matter yield (TDMY) during all three years.
337  Among the split application of N, the highest total biomass yield was obtained with the application of N
338 (120 kg Nha™') in 2 equal splits at V8 and VT with skipping of basal N rate (T5). Further, late split N
339  application (T5) showed significant increases of 14.7%, 16.0% and 18.1% (with an average value of
340 16.3%) in grain yield than recommended doses (T3) in 2014, 2015 and 2016, respectively. With the

341  combined analysis of 3 years’ data, highest grain yield (5.57 t ha™!) and TDMY (12.15 t ha™!) of maize

342  were recorded with STCR NPK based fertilization (T10). While, among the varying N rate and time of
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343  application, grain yield (5.29 t ha'') and TDMY (11.62 t ha™') were significantly highest in the treatment
344  where basal rate of N was skipped and total N (120 kg Nha™") was applied in 2 equal splits (60 kg Nha™')
345 at V8 and VT, respectively (T5). This treatment (T5) increased grain yield and TDMY by 13.5% and
346 11.2% over recommended doses/rates, respectively. However, application of biochar along the
347  recommended rate of N (120 kg Nha™') was also significantly increased the grain yield and total biomass
348  yield as compared to other treatments. Furthermore, the differences in grain yield and total biomass yield
349  Dbetween the TS5, T10 and T11 were not statistically significant.

350 Nitrogen uptake and N use efficiencies

351  The total amount of N uptake in maize (grain+ straw) differed with the treatments. Combined result of N
352  uptake was the highest with the STCR, and the lowest was in the N control (N0O). However, among the
353  split applications of N rates, the higher amount of N uptake was observed with the application of N rate
354 (120 kg Nha') in 2 equal splits at V8 and VT with omission of basal N (T5) followed by the application
355  of biochar (10 t ha™') with recommended split as broadcast (T11). Evidently, grain yield of maize was
356  highly dependent (R’=0.99 at p<0.0001) on N availability, as indicated by the fitted regression line of
357  maize grain yield on N uptake (Fig 8.). The perfect positive linear relationship further illustrated that the
358 change in grain yield is significantly associated with the changes in N uptake. Hence, the fact that,
359  maximum N uptake was possible with the timely N application to the crop for higher productivity. Band
360  placement of N (90 kg N ha™') in three equal splits had no significant effect on total N uptake in all three
361  years. Pooled data showed that the agronomic use efficiency of fertilizer N (AE) varied from the lowest of
362  11.0 kg kg! N to the highest of 28.3 0 kg kg™! N among the different treatments (Table 7). By and large,
363  the TS5 demonstrated the greatest AE (28.3 kg kg™' N), which was significantly greater than other
364  treatments, except one treatment where the biochar was applied along with recommended split (T11). The
365  plant treated with low rate of N (90 kg Nha™') in 3 splits with skipping of basal dose always exhibited the
366  lowest AE (11.0 kg kg! N), however, AE considerably increased with the application of biochar along
367  with 90 kg Nha™! (T12).

368
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369  Table 7 Comparison of the N uptake, agronomic efficiency (AE), partial factor productivity (PFP),
370  physiological efficiency (PE) and recovery efficiency (RE) under the different agronomic N management
371  practices and biochar application (pooled of 3 years)

Trea;mem N uptakls(kg ha™ | AE (Ilf% ke' | ppp (kg kg' N) PE (kg kg ' N) RE (%)
Tl 48.3° - - - -
T2 52.3f - - - -
T3 98.6° 19.5b 38.8 47 7abe 38.6"
T4 83.6¢ 17.3« 43.]abe 46.0%4 34.8b¢
TS 109.92 28.3¢ 49.72 49. 1% 48.0°
T6 80.44 13.6¢% 37.3cde 43.94 31,1
T7 103.2b 19.7b¢ 39.0« 46.5b<d 42 .4
T8 74.0° 11.0° 34.8¢d 42.0° 24.14
T9 87.7¢ 16.9< 42.5b¢ 45.9< 39.3b¢
T10 114.6* 18.7bcd 31.9¢ 50.22 35.6b¢
Ti1 107.5%¢ 23.3q® 42.6b¢ 48.68be 45.92
TI2 89.0¢ 20.7b 46.5® 48.8abe 40.7b

372 Pooled means followed by the same letters are not significantly different according to Tukey’s Honest Significant
373 Difference (P=0.05)
374

375  As a similar trend of AE, the application of N rate (120 kg Nha™') in 2 equal splits at V8 and VT noticed
376  the significant maximum PFP (49.7 kg kg™' N) as compared to all treatments except T4 and TI2.
377  Furthermore, among the all treatments, STCR based N rate always exhibited the lowest PFP (31.9 kg kg™!
378 N). Band placement of N (90 kg Nha™') along with biochar (10 t ha™) also significantly increased the
379  PFP in maize as compared to broadcast application (Table 7). Whereas, the difference in PE between
380  different treatments were not significant, however, the application of N (120 kg N ha™!) into 2 or 3 split
381  application significantly increased the PE as compared to N application equivalent to 90 kg N ha~!. The
382 TS5 recorded the highest RE (48.0%) in maize, which was significantly higher than other treatments,
383  however application of biochar along with recommended split application of N (T11) was found non-
384  significant. Furthermore, pooled analysis of 3 years’ data showed that the late multi-split N application at
385 V8 and VT showed significant increases of 45.1%, 15.3%, 14.0% and 37.9% in AE, PFP, PE and RE than
386  recommended practices (T3), respectively.

387

388
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389 Factors influencing N uptake and N use efficiency (NUEs)

390 Pooled analysis clearly indicated that the skipping of basal N rate and application of total amount of N
391 applied at V8 and VT growth stages improved the N uptake and NUEs. Therefore, it is of interest to
392  determine the factors of N uptake and NUEs to predict the maize grain yield that may increase the
393  probability of response to multi-split N applications. Factor analysis was performed to understand the
394  factors responsible for the relationship among the crop parameters with N content and N uptake in dry
395  matter at different growth stages (V8, VT, R1 and PM) of rainfed maize. For factor analysis, the 16
396  variables were selected in the N treatments where as 13 variables were chosen for NO treatments and AE,
397  PE and RE were not included in NO treatments due to no-application of N fertilizer.

398 In the NO treatments (Fig 9A), N content and N uptake in biomass had high significant correlation with
399 DMA at V8 (r=0.65 and 0.97), VT (r=0.74 and 0.97), R1 (NUDM; r=0.84) and PM (NUDM; r=0.84)
400  growth stages with significant poor relation with DMA at PM (NDM; r=0.50). It also revealed that there
401  was no significant relation between Nitrogen content in dry matter (NDM) and DMA at R1 as the angle
402  between the vectors of NDM and DMA at R1 was approximately measured by a right angle
403  (Kroonenberg, 1995) on variable factor map (Fig. 9A). On the other hand, there was also no significant
404  influence of N content and N uptake in biomass on TDMY at PM growth stage under NO treatments.

405  Under N treatments (Fig 9B), N content and N uptake in biomass had strong significant correlation with
406 DMA at V8 (r=0.64 and 0.98), VT (r=0.71 and 0.96), R1 (r=0.76 and 0.96) and PM (r=0.62 and 0.89)
407  growth stages. Furthermore, results indicated that DMA was most closely related to AE (r=0.55) whereas
408  poorly related to PE (r=0.37) and RE (r=0.48) at PM growth stage. Total dry matter yield (TDMY) was
409  also highly associated with, NUDM (r=0.72), AE (r=0.58) and RE (1=0.52), however, meagerly related to
410 NDM (1=0.47) and PE (r=0.33). Moreover, the study showed the positive and significant linear
411  association of dry matter accumulation (biomass) with N uptake in dry matter at V8, VT, R1 and PM
412  growth stages of maize. The relationship between biomass and N uptake in biomass turned out to be more

413  robust at V8 followed by VT, R1, and PM over the years.
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414  Principal component regression (PCR) relationship to total dry matter yield (TDMY)

415 Principal component analysis (PCA) was used to identify the factors influencing total dry matter of maize
416  yield and has been used as the preliminary step in the development of a prediction model for TDMY as
417  the Pearson correlation analysis revealed the result that the independent variables were significantly
418  correlated to each other (Table 8) i.e. the multicollinearity was present among the independent variables.
419

420 Table 8 Correlation coefficient (n=90) with exact probability level of significance for independent
421  variablest

Pearsons’
Correlation |y LAI DMA CobL CobG GW GrainC | NDM | NUDM
Coefficient
S

Pl 1 0.474 0.625 0.549 0.573 0.583 0.732 0.291 0.518
(<.0001) | (<.0001) | (<.0001) | (<.0001) | (<.0001) | (<.0001) | (0.0054) | (<.0001)

AL 1 0.678 0.711 0.627 0.541 0.757 0.709 0.762
(<.0001) | (<.0001) | (<.0001) | (<.0001) | (<.0001) | (<.0001) | (<.0001)

DMA 1 0.788 0.732 0.633 0.809 0.621 0.892
(<.0001) | (<.0001) | (<.0001) | (<.0001) | (<.0001) | (<.0001)

CobL 1 0.705 0.659 0.809 0.576 0.760
(<.0001) | (<.0001) | (<.0001) | (<.0001) | (<.0001)

CobG 1 0.608 0.707 0.493 0.678
(<.0001) | (<.0001) | (<.0001) | (<.0001)

W 1 0.670 0.496 0.633
(<.0001) | (<.0001) | (<.0001)

. 0.576 0.766
GrainC ! (<.0001) | (<.0001)

0.902
NDM | <o00)

NUDM |

422  The values in the parentheses are the actual probability of significance (probability > |r| under Hy: Ry,,=0)
423 +PH, plant height; LAI, leaf area index; DMA, dry matter accumulation; CobL, cob length; CobG, cob grith; GW,
424 100 grain weight; GrainC, grains cob™! ; NDM, N content in dry matter; NUDM, N uptake in dry matter.

425

426  To resolve the multicollinearity problem, principal component regression model was fitted for total dry
427  matter yield (TDMY) with respect to the independent variables viz., plant height (PH); LAI, DMA, cob
428  length (CobL), cob girth (CobG), 100-grain weight, grains cob™! (grainC), N content in dry matter
429  (NDM), N uptake in dry matter (NUDM). In the analysis, 3 principal components were selected because

430  these components explained the cumulative variation of 99.22% in independent variables data set (Fig

431  10). PCA as illustrated from the PC loading coefficient of independent variables revealed that first PC
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(PC1) contributed 92.98 % explained variation (Fig 10) and dominated by grains cob™!, LAl and NUDM

(Table 9).
Table 9 Principal Component (PC) loading coefficient for each independent variable
PCs Plant Leaf Dry Cob Cob 100- grains N N
height area matter length girth grain cob™! content | uptake
index | accumulat weight in dry in dry
ion matter matter
PC1 0.1457 | 0.2904 0.0022 0.0233 | 0.0156 | 0.0261 0.9255 0.0007 | 0.1906
PC2 | -0.0614 | 0.7687 0.0016 0.0225 | 0.0202 | 0.0204 | -0.3432 | 0.0023 | 0.5349
PC3 | 09512 | 0.1549 -0.0036 -0.0164 | 0.0117 | 0.0303 | -0.1550 | -0.0028 | -0.2136

The second and third PCs (PC2 and PC3) explained an additional 4.55% and 1.69% of the variation and

was predominated by grains cob™' and NUDM, respectively. The fitted principal component regression

model based on these 3 PCs had explained the cumulative variation of 84.95% in model effects and of

78.45 % in dependent variable (TDMY) (Table 10).

Table 10 Percent variation accounted for by Principal Components (PCs) in Principal Component
Regression (PCR) for total dry matter yield with independent variablest

Number of extracted factors Model effects Dependent variable
Current Total Current Total

PC1 69.99 69.99 69.69 69.69

PC2 10.11 80.10 7.52 77.21

PC3 4.85 84.95 1.24 78.45

T Plant height, leaf area index, dry matter accumulation, cob length, cob girth, 100 grain weight, grains cob™!, N
content and N uptake in dry matter.

The fitted principal component regression model with significant parameter estimate corresponding to the

independent variable for prediction of TDMY was given in equation (8).

TDMY=

0.24*4 x PH-0.007* x LAI + 0.101*x DMA+0.114* x CobL  (R?>=0.85 for

+0.126* x CobG + 0.315* x GW + 0.140*x GrainC- 0.043*
x NDM +0.038* x NUDM
(*parameters estimate are significant at p=0.05)

20

TDMY; P<0.0001)

model
effects and R*=0.78 for

®)
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448  Soil Chemical properties

449  There was an improvement in the soil chemical properties under the different agronomic management
450  practices at the end of the study (Table 11). Application of N along with biochar significantly increased
451  the soil organic carbon (SOC), concentration of ammonium (NH4*-N) and nitrate (NO;3;™-N) in soil as
452  compared to recommended agronomic practices. A perusal of data showed that the highest SOC (5.47 g
453  kg™") was recorded with application of N along with biochar at 10 t ha™' (T11), while lowest SOC was

454 noticed under the control treatment.

455 Table 11 Effect of different agronomic N management practices and biochar application on chemical properties of
456 soil (0-15cm soil layer) at the end of study (2016-2017)

Treatment Soil organic carbon (SOC) (gkg™') | NH4-N (mgkg™) NOs-N (mg kg™)
Tl 4.03¢ 1.19h 0.214
T2 4.17° 1.568 0.224
T3 4.502° 1.94¢def 0.34°
T4 4.20% 1.78% 0.26b¢d
TS 4.43%b 2.30%0¢ 0.442
T6 4.13% 1.89¢f 0.29bed
T7 4.43qb 2.08cde 0.502
T8 4.17° 1.82¢f 0.32b¢
T9 4,23 1.80f 0.24¢d
T10 4.63® 2.50° 0.482
T11 5.478 2.41% 0.528
T12 5.17%® 2.16bd 0.502

457 Means followed by the same letters are not significantly different according to Tukey’s Honest Significant
458  Difference (P=0.05)

459  Further results showed that, there were no significant differences among the different split N application
460  in relation to SOC at the end of crop season however; application of biochar improved the SOC (5.47¢g
461 kg™ level as compared non-biochar treatments. Application of biochar along with chemical fertilizer
462 (120 kg Nha™') significantly increased the concentration of ammonium (2.40 mg kg™') and nitrate (0.52
463  mg kg™ in soil (P<0.05) as compared to non-biochar treatments. Since, application of biochar causes
464  amelioration effects, which results into improvement soil fertility. Furthermore, results showed that the

465  application of N rate (120 kg Nha') in 2 equal splits at V8 and VT growth stages also recorded higher
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466  values of NH4*-N (2.29 mg kg') and NO5-N (0.44 mg kg!) concentration as compared recommended
467  dose of N and control treatment. The application of STCR based N dose also increased the concentration
468  of NH,4*-N and NO;-N in soil as compared to traditional fertilizer application and control treatment but

469  this was due to heavy N fertilization.

470 Discussion

471  Growth attributes

472  Combined results indicated that the STCR based N dose had highest plant height and LAI values at all
473  growth stages, probably due to high supply of N (172.7 kg Nha™') sufficed for adequate growth of the
474  crop. The role of N in the stimulation of cell division may have led to more leaf numbers and expansion
475  development during the grand growth periods [30]. However, the fertilizer N response to crops mainly
476  depends on soil N, crop demand and climatic conditions [18,31]. However, among the multi-split N
477  application, N supplied into 3 unequal splits in the biochar treated plots produced tallest plants and higher
478  values of LAI at knee high (V8) and Tasseling (VT) stages. This indicated that contributing effect of N on
479  plant height and LAI can be explained on the basis of the fact that split N application at the early (V8) and
480 mid grand (VT) growth stages enhanced the meristematic cells and their growth leading to increase in the
481  leaf expansion and the formation of tassels [32]). Moreover, N also acts as a key constituent of all the
482  amino acids in plant structure, chlorophylls, enzymes, protein, purines and pyrimidines which are
483  essential for the growth and development of plant tissues [33]. Such result indicated that increase in plant
484  height and LAI with split application of N fertilizer might be due to the fact that N boost plant growth,
485  increases the number of nodes and internodes which results in progressive increase in the plant height and
486  LAI [34]. Further, it was noted that with the skipping of basal N rate considering residual N in soil,
487  although plant showed some minor stress in the beginning, but subsequent to application of 50% N at V8
488  increased the whole plant growth rapidly ([35]. When N is limiting in soil, N application rates may

489  increase total N accumulation in plant which might have more stimulated vigorous growth of whole plant
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490 [19,36]. In contrast, the very high rate of N application used initially could not turn out higher growth
491  attributes but possibly led to considerable N loss due to remobilization of N uptake by plants [37].

492  Biomass and N accumulation

493  Biomass in terms of dry matter production and N accumulation responded positively to N rate at different
494  growth stages. STCR produced highest biomass production primarily due to addition of higher rate of N
495  which might have enhanced greater N accumulation in whole plant part stimulated the development of
496  sink capacity and thereby resulted into greater biomass production [38]. The second highest biomass
497  accumulation when the total amount of N (120 kg N ha™') was applied into two equal splits at V8 and VT
498  growth stages might have arisen due to more partitioning and assimilation to the stem and tassels that
499  resulted in higher biomass [39]. In general improving crop yield and NUEs for maize could be achieved
500 by determining the plant N status during the growing period. The N accumulation by maize was lowest at
501  early growth stage (V8) and increased from VT and recorded highest at PM growth stage. This indicated
502  that only small amount of N are required during early growth stage and the high concentration of N in the
503 root zone is sufficient for promoting early growth [24]. Besides, N application at V8 and VT growth
504  stages demonstrated stronger biomass accumulation ability [40] due to most favorable synchronization
505  between time of N application and crop demand [41]. The N accumulation was significantly highest and
506  strongly correlated with the biomass at different growth stages. This indicated that a greater N
507  accumulation in biomass stimulated the higher plant growth with higher dry matter partitioning in maize
508 [42]. Low N uptake in early growth stage might be due to excessive N fertilization under the conventional
509 fertilization [34]. Application of biochar (10 t ha™') in combination of multi split-top dressed N also
510 increased the dry matter partitioning and N uptake which clearly demonstrated the positive impact of
511  biochar in maize during all three year of the experimentation. This might be due to transient flush of
512  labile compound into the rhizosphere that can enhance nutrient cycling and increase crop biomass and N
513  accumulation in whole plant [43].

514
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515  Maize yields and yield components

516  The 3 years research results confirmed that skipping of basal N rate and late season N application can be
517  effective in recording higher grain yield and yield components like cob length, cob girth, 100- kernel
518  weight and number of grains cobs™! during all three years. Late season N application had significant and
519  positive correlation with the higher grain yield [44]. The N application at V8 and VT vegetative stages
520 resulted in a significant grain yield as compared to other treatments. Therefore, a positive yield response
521  to late split N application might be more synchronized with crop peak N demand compared to the basal N
522  application [45]. Moreover, our hypothesis was that the native soil N is sufficient for the completion of N
523  demand by the plant at early growth stage and a larger impact of N availability on grain yield was noticed
524  when very severe N deficiencies occur during early growth period [19]. Wang et al. [46] were also
525  reported the similar results that there is no negative impact on maize due to delaying the total amount of
526 N until V11 growth stage. In contrast, N supplied at the time of planting (basal N rate), plant shows
527  inability to accumulate the applied N during the early growth stages which might have led to great loss of
528  large amount of basal N application to the environment due to poor root system under rainy season [47].
529  Similarly, some previous results also indicated that the higher N application (2-3 splits) at early growth
530  stages resulted in a increase of soil ammonia concentration peak, as a result, the soil N would increase the
531  loss due to leading to leaching or denitrification [48]. Moreover, there was no significant effect on maize
532  yield response to late season split N application at silking (R1), which might be due to the fact that the
533  maize plant was already N adequate [49]. The STCR based NPK demonstrated the greatest yield due to
534  addition of more N which might have increased the cob length and girth and greater number of kernels
535  cobl. There were no yield differences among the treatments with split N applications at lower N rate (90
536  Nha!) and no yield advantages for late split application except in biochar application. Grain yield of
537  rainfed maize varied in all three years primarily due to large variation in rainfall pattern.

538

539
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540 Nitrogen uptake and N use efficiencies (NUESs)

541 In the recent study, nitrogen uptake and NUEs was significantly influenced by the multi-split N
542  application due to better synchronization of N availability to crop peak demand of N. Although N uptake
543  and NUEs depends on agronomic management practices, type of soil and climate factors ([50], combined
544  analysis showed that the skipping of basal N rate and delayed application of total amount of N at V8 and
545 VT significantly improved the AE, PFP, PE and RE in maize as compared to all treatments during all 3
546  years. This could be attributed due to more N accumulation during the post V8 and VT which led to
547  higher total N uptake and resulted in increased NUEs in maize [51]. STCR based N rate always exhibited
548  the lowest AE, PFP and RE which might be due to negative impact of more fertilization on grain yield,
549  environmental quality and reduced NUEs. Therefore, there is a need to provide sufficient N fertilizer for
550 maize [52,53]. Band placement of N along with biochar also improved the PFP in maize as compared to
551  broadcast application. This indicated that the application of N through band placement is attributed to
552  higher PFP due to full utilization of applied N, which might have positive impact on grain yield. Besides,
553 AE, PFP, PE and RE were enhanced due to incorporation of biochar. This is attributed to the beneficial
554  effect of biochar in soil N dynamics through altering soil chemical and biological properties [54] and
555  biochar also influenced the N cycle of agro-ecosystems [55].

556  Factors influencing N uptake and NUEs

557  Factor analysis was carried out to assess the factors responsible for the relations among the biomass and
558 TDMY with N uptake, AE, PE and RE. It was reported that several factors make significant contribution
559  to the N uptake and NUEs in maize [46]. Similarly, N contributes an important role in crop production
560  particularly when it was applied at different timings and rates. Our 3 years results have consistent shown
561  that N was the main limiting management factors of the poor yield and low NUEs [56]. In contrast, total
562  amount of N applied at V8 and VT stages, improved the N uptake and NUEs (AE, PE and RE) in rainfed
563  maize, which has the potential to increase the maize yield through minimizing N losses [57]. N uptake

564  was strongly correlated with plant biomass at V8 and VT as compared to PM growth stage. This indicated
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565  that the V8 and VT were the critical growth stages for the N application for higher biomass production,
566  which might be due to higher N uptake [58]. Furthermore, there was no influence of DMA on N content
567  at Rl stage as indicated by variable factor map [59]. This might be explained by the poor synchrony
568  between crop supply-demand and N uptake. Thus, N uptake was greatest predictor of TDMY and AE was
569  most strongly related to DMA as compared to PE and RE. It also indicated that higher N uptake resulted
570  in higher growth and yield as indicated by strong correlation [60]. Similarly, Nyiraneza et al.[61] also
571  noticed that N availability in biomass indices might be able to explain the variation in maize yield and N
572 uptake. Moreover, the study showed the positive and significant linear association of DMA (biomass)
573  with N uptake at V8 and VT growth stages of maize. In general the relationship between biomass and N
574  uptake turned out to be more robust to late split N- applications at V8 and VT growth stages over the
575  years in rainfed maize.

576  Principal component regression (PCR) relationship to total dry matter yield (TDMY)

577 The total dry matter yield (TDMY) was greatly influenced by the growth and yield attributes along with
578 N content and uptake as illustrated by the principal component regression (PCR) model. Results obtained
579  from the fitted PCR model showed that the cumulative variability of 78.45% in TDMY was explained by
580 the retained three PCs used for parameter estimation. Model demonstrated based on the regression
581  coefficient parameter estimated that GW (grain weight) act as strong positive predictor for TDMY
582  followed by PH, GrainC, CobG, CobL, DMA and NUDM where as LAI and NDM had significant
583  adverse influence on yield [58]. The validity of PCR model depends on the presence of multicollinearity
584  among the independent variables (PH, LAI, DMA, CobL, CobG, GW, GrainC, NDM and NUDM). In
585  addition, using PCs for resolving multicollinearity and the three optimum PCs which contributed 99.22%
586  explained variation in independent variables data set acts as strength for PCR model for the prediction of
587 TDMY. Similar finding were also observed by Ciampitti and Vyn [62]. It was showed that PC1 was
588  explained the 69.69% variability in TDMY as compared to PC2 and PC3. Therefore, PC1 has the most

589  dominant yield determinant having the positive loading coefficients for all the predictor variables.

26


https://doi.org/10.1101/2020.07.13.200345
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.13.200345; this version posted July 13, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

590 Soil Chemical properties

591  The improving soil fertility is critical for enhancing the maize yield and NUE and N fertilization into
592  different splits along with biochar might be beneficial soil amendment for higher side of grain yield and
593 NUE. SOC status changed with different splits of N and biochar treated plots over that of the initial
594  status on surface soil (0—15 cm soil depth). The higher concentration of SOC with the N fertilizer (120 kg
595  Nha!) into 3 splits along with biochar (10 t ha™') treated plots was a results of increased the higher root
596  biomass and plant residues [38]. Additions of biochar along with N also increase microbial activity in the
597  soil which may increase the soil organic carbon content in soil [63]. Hence it is proved that application of
598  stable organic matter like biochar along the mineral fertilizer, not only increases soil fertility but also
599  protects environment by its multifarious functions. Application of N rate (120 kg Nha™') in 2 equal splits
600 at V8 and VT growth stages also recorded higher values of NH,*-N (2.29 mg kg!) and NO;-N (0.44 mg
601  kg!) concentration as compared recommended dose of N and control treatment. This might be due to
602  reduced N leaching losses which resulted higher N retention in the topsoil ultimately N recovery with the
603 late split N application [45]. Furthermore, results showed that application of biochar (10 t ha™!) along
604  with N fertilizer into multi-top dressed significantly increased the concentration of ammonium (NH4*-N)
605  and nitrate (NO5™-N) in soil. The increase in NH4*-N and NO;-N in the soil, this was due to high CEC of
606  biochar and it potential to retain ammonium-N in the soil [64]. Since, biochar is more important as a soil
607  conditioner and driver of nutrient transformations and it also minimized N leaching [65]. Similarly the
608  concentration of NH,"-N and NO;-N in the soil was increased as results of application of biochar along
609  with N fertilizer might be due to decreasing N losses in the form of ammonia volatilization and

610  denitrification and increasing N retention capacity of soils [66].

611  Conclusion

612  Our three years research findings demonstrated significant improvement in maize yields and NUEs under
613 the different agronomic management based on split nitrogen applications in rainfed maize in Vertisols of

614  India. The recommended N management practices recorded lower yield, N uptake and NUEs compared
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615 to the agronomic based multi-split N application with skipping of basal N rates. The delayed N
616  application at V8 and VT growth stages achieved higher grain yield, TDMY, N uptake, AE, PFP, PE and
617  RE. Such delayed application has increased mean grain yield and TDMY by 13.5% and 11.2% over
618 recommended practice, respectively. Pooled results illustrated that the late multi-split N application at V8
619  and VT recorded significant increases of 45.1%, 15.3%, 14.0% and 37.9% in AE, PFP, PE and RE than
620 recommended practices, respectively. The grain yield, TDMY and NUEs were significantly increased
621  with the application of biochar (10 t ha™) along with recommended dose of N into 3 splits as compared to
622  without biochar. Factor analysis showed positive and significant linear relationship between biomass, N
623  uptake and biochar application which turned out to be more robust at V8 and VT growth stages of maize.
624  Therefore, N uptake was greatest predictor of TDMY and AE was most strongly related to biomass
625  production. Split application of N fertilizer significantly improved the SOC and NH,*-N and NO;™-N in
626  the soil. Significant positive trend of SOC and available soil N status were observed under N fertilization
627  (120kgNha ') along with biochar (10 t ha™"). Hence, the application of N rates into two equal splits at V8
628 and VT growth stages of maize with biochar application would be remunerative as alternative agronomic
629  based approaches to synchronize the crop N demand and soil supply for higher crop yield and NUEs than

630  the recommended practices in rainfed maize in Vertisols of India.
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840 Fig. 5. Effect of the treatment on dry matter accumulation at knee high (V8), tasseling (VT), silking (R1) and
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