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ABSTRACT

Wheat productivity in the semi-arid highlands of Balochistan, Pakistan, is
constrained by low soil fertility and poor nutrient-use efficiency. A field
experiment was conducted during the 2023-24 Rabi season at Quetta to
evaluate the response of two advanced wheat lines (BARDC-1 and BARDC-
2) to seven integrated nutrient management practices arranged in a split-
plot design with five replications. Treatments included an unfertilized
control, 100% recommended NP (120-60 kg N-P,05 ha™), farmyard manure
(FYM) @ 10 t ha™, Biozote @ 5 kg ha™*, and their combinations. The
integrated treatment comprising Biozote (5 kg ha™) + FYM (5 tha™) + 50%
recommended NP (T7) recorded the highest chlorophyll content, NDVI,
productive tillers, 1000-grain weight, grain yield (5504 kg ha™; 112%
higher than control), grain protein (14.22%), gluten and ash contents, while
substantially improving post-harvest soil organic carbon, available
nutrients, and microbial populations. BARDC-2 outperformed BARDC-1 in
most traits. Combining Biozote and FYM with half-dose chemical fertilizer
proved the most effective and sustainable strategy for enhancing wheat
productivity, grain quality, and soil health under semi-arid highland
conditions.
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1. INTRODUCTION restore soil health and boost crop productivity (Kushwah

Wheat (Triticum aestivum L.) is Pakistan’s most important
staple cereal, occupying 9.03 million hectares and
contributing 31.44 million tonnes to national production
in 2023-24 (GoP, 2024). Despite this, average national
yield remains low at 3.1-3.3 t ha™?, far below the potential
of 6-8 t ha™* achieved under optimal management (PBS,
2024). In Balochistan, wheat is grown on approximately
0.45 million hectares, yet yields stagnate at 2.1-2.4 t ha™*
due to arid to semi-arid climate, low and erratic rainfall
(<300 mm annually), limited irrigation, and inherently
poor soil fertility characterised by low organic matter
(<0.5 %), high pH (>8.0), and widespread deficiencies of
nitrogen, phosphorus and micronutrients (Ahmed et al,,
2023). Continuous reliance on unbalanced chemical
fertilizers has further accelerated soil degradation and
reduced nutrient-use efficiency (Zahoor et al., 2025).
Integrated Nutrient Management (INM), combining
chemical fertilizers with organic manures and microbial
inoculants, has emerged as a sustainable strategy to

IJBR Vol.4 Issue.1 2026

etal, 2024; Parewa et al.,, 2022). Studies across South Asia
report 20-35 % wheat yield increases and improved grain
protein content when 50 % of recommended chemical
fertilizers are substituted with farmyard manure (FYM)
and Azotobacter-based biofertilizers such as Biozote (Jat
et al, 2018; Ali et al, 2025). Genotype x nutrient
management interactions also significantly influence yield
and quality, with certain advanced lines showing superior
responsiveness to balanced nutrition (Salam et al.,, 2025;
Zulfiqar et al,, 2023;(Taj, 2024).

Despite these advances, location-specific research on
the combined use of FYM, Biozote and reduced chemical
fertilizer doses with newly developed wheat genotypes
remains scarce in the highland semi-arid zone of
Balochistan. The present study was therefore conducted
during Rabi 2023-24 at Quetta to evaluate the
performance of two advanced wheat lines (BARDC-1 and
BARDC-2) under seven nutrient management practices,
with emphasis on growth, physiological traits, grain yield
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and quality, and post-harvest soil health. The aim was to
identify the most efficient and sustainable INM strategy for
wheat production in the region.

2. MATERIALS AND METHODS

2.1. Experimental site

The field experiment was carried out for the Rabi season
of 2023-2024 at the research farm of Balochistan
Agriculture Research and Development Centre (BARDC),
Quetta, Pakistan (30°12" N, 66°58' E, 1680 m ASL). The
mean annual precipitation is around 250 mm and is
predominantly received in the winter and early spring.
The climate is semi-arid. During the wheat growing
season, the maximum and minimum temperatures are
recorded to be 4 to 37 °C and - 8 to 20 °C, respectively. The
experimental soil in a depth of 0- 15 cm range is silty loam,
slightly alkaline (pH 7.6), non saline (EC 0.41 dS m™*), low
in organic carbon (0.11 %) and available nitrogen (0.80 mg
kg™1). Table 1 gives detail of initial of physico-chemical and
biological properties of the soil.

Table 1
Initial physico-chemical and biological properties of the
experimental soil (before sowing)

Parameter Unit Value Method of analysis

Silty  International pipette

Soil texture - loam  method

pH (1:2.5 soil:water) - 7.6 pH meter

Electrical dSm™ .
conductivity (EC) at 25 °C 0.41  Conductivity meter
Organic carbon % 0.11 tEl < By E S eE ol

titration method
Alkaline permanganate

Available nitrogen mg kg™ 0.80  method (Subbiah &
Asija, 1956)
Available _a ,
e mg kg 19.5  Olsen’s method
. - 1 N NH,0Ac
?}z/acl)l)able potassium mg kg™ 112 extractable (flame
2 photometer)
BEEREEDE mg kg™ 1.63  Flame photometer
sodium EX8 ’ P
) . x105 Serial dilution plate
Bacterial population CFU g™ 12.6 technique
. x10° Serial dilution plate
Fungal population CFU g™ 6.4 .

Notes: Values are mean of three composite samples from
0-15 cm depth.

2.2. Treatments and experimental design

The experiment was laid out in a split-plot design with five
replications. Two advanced wheat lines developed at
BARDC (BARDC-1 and BARDC-2) were assigned to main
plots, while seven integrated nutrient management (INM)
treatments were allocated to sub-plots measuring 4 m x 2
m (ten rows at 25 cm spacing). The treatments were:

T1 - Absolute control (no fertilizer/manure)

T2 - 100 % recommended NP (120-60 kg N-P,0s ha™) -
split dose

T3 - Farmyard manure (FYM) @ 10 t ha™ alone (at
sowing)

T4-FYM @ 10 tha™ + 50 % recommended NP (at sowing)
T5 - Biozote @ 5 kg ha™* alone (at sowing)

T6 - Biozote @ 5 kg ha™* + 50 % recommended NP (at
sowing)

T7 - Biozote @ 5 kg ha™* + FYM @ 5 t ha™ + 50 %
recommended NP (at sowing)
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Nitrophos fertilizer (23 % N + 23 % P,05) served as
the sole inorganic source of nitrogen and phosphorus.
Farmyard manure and Biozote were applied only at
sowing and thoroughly incorporated into the topsoil along
with the basal portion of nitrophos using a rotavator. In
treatment T2, the remaining half of the recommended NP
dose was broadcast at the crown root initiation stage and
immediately followed by irrigation.

2.3. Crop Husbandry

The experimental field was ploughed twice with a tractor-
drawn cultivator followed by planking. Wheat was sown
on 14 November 2023 using a seed rate of 100 kg ha™* with
atractor-mounted seed drill. Three irrigations (crown root
initiation, tillering, and grain-filling stages) were applied
uniformly to all plots. Weeds were controlled manually
twice during the season. No pesticide was sprayed as
insect-pest incidence remained below economic threshold
level. The crop was harvested manually at physiological
maturity.

2.4. Soil Sampling and Analysis

Before sowing and after wheat harvest, soil samples (0-15
cm depth) were collected from each plot using a tube auger
made of stainless steel. The samples were air-dried, lightly
crushed, and sieved to a 2 mm mesh. Soil pH and electrical
conductivity were measured using a calibrated glass-
electrode pH meter and conductivity meter, respectively,
in a 1:2.5 soil:water suspension (Jackson, 1973). The
Walkley-Black Method (Walkley and Black, 1934) was
used to measure the soil's organic carbon. Available
nitrogen was measured using the alkaline KMnO4 method
(Subbiah and Asija, 1956). Available phosphorus was
measured using 0.5 M NaHCO3 (pH 8.5) which extracts the
phosphates and then measured colorimetrically (Olsen et
al, 1954). The quantity of potassium and sodium was
measured after extraction with 1 N neutral ammonium
acetate and then measured with flame photometry. The
soil physiochemical properties after harvest are shown in
Table 2.

Fresh soil samples were used for microbial
enumeration. Serial dilutions were prepared in sterile
distilled water, and 1 mL aliquots were pour-plated in
triplicate. Bacteria were grown on nutrient agar and fungi
on potato dextrose agar (PDA) amended with
streptomycin (30 mg L") to inhibit bacterial growth. The
plates were placed in an incubator at 28 + 2 °C for 48 hours
(for the bacteria plates), and for 5-7 days (for the fungi
plates). A manual electronic colony counting device from
Suntex 650 was used for colony counting. The results were
presented as colony-forming units (CFU) g™* of oven-dried
soil. The soil biological properties after harvest are
presented in Table 3.

2.5. Data collection

2.5.1 Growth, physiological, and yield parameters
Growth, physiological, and yield traits were assessed as
follows: days to 50% seedling emergence were recorded
from sowing until half the plot seedlings emerged; plant
population was counted in a 1-m? quadrat at the 3-leaf
stage; plant height (soil surface to spike tip, excluding
awns) and coleoptile length were measured on
representative main stems/seedlings; productive (fertile)
tillers per square meter were counted at maturity; flag-leaf
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chlorophyll content (SPAD units) was determined with a
SPAD-502 meter (Minolta, Japan) at anthesis and mid-
grain filling; canopy NDVI was measured using a handheld
Green Seeker (Trimble Navigation Ltd., USA) at the same
stages; at harvest, spike length (excluding awns), grains
per spike, and 1000-grain weight (adjusted to 12%
moisture) were taken from randomly selected spikes; total
above-ground dry matter, grain yield (from a central 1m?
area, adjusted to 12% moisture), straw yield (after
threshing and oven-drying), and harvest index (grain
yield/total dry matter) were calculated.

2.5.2 Grain Quality Analysis

Cleaned grain samples (» 500 g per plot) were sent to the
Wheat Research Institute, AARI, Faisalabad, Pakistan.
Protein content (%), gluten (%), ash (%), and moisture
(%) were measured using a calibrated near-infrared
transmittance seed analyser (Infratec™ 1241 Grain
Analyzer, FOSS Analytical, Denmark) according to ISO
12099:2017.

2.6. Statistical Analysis

The experiment was designed using a split-plot design
with main plots as genotypes and sub-plots as integrated
nutrient management practices, replicated five times. Data
was analyzed using two-way ANOVA as per the split-plot
design using Statistix 8.1 (Analytical Software,
Tallahassee, USA). Means were separated using the Least
Significant Difference (LSD) test at a 5% probability level
for significant F-values (Steel et al, 1997). Pearson’s

Table 2

correlation coefficients for some selected variables were
calculated using Jamovi (Version 2.3) (The Jamovi Project,
2023). Graphs and figures were made using Microsoft
Excel 365.

3. RESULTS

3.1 Post-harvest soil physico-chemical properties
Post-harvest soil analysis significant differences were
observed between wheat genotypes and INM treatments
(Table 2). BARDC-2 showed higher organic carbon
(0.118%), available N (0.90 mg kg™"), P,0s (53 mg kg™),
K,0 (133.6 mg kg™), and Na (1.68 mg kg™*') compared to
BARDC-1, while EC was non significant. Among
treatments, The integrated treatment T7 (Biozote 5 kg
ha™' + FYM 5 t ha™* + 50 % recommended NP) recorded
the highest soil organic carbon (0.145 %), available
nitrogen (0.100 mg kg™), available phosphorus (57 P,0s
mg kg™) and exchangeable potassium (1.71 mg kg™),
followed by T6 (Biozote + 50 % NP). In contrast, the
unfertilized control (T1) exhibited the lowest values:
organic carbon 0.078 %, available N 0.69 mg kg™*, P,05 41
mg kg™* and K,0 128.2 mg kg™*. Soil pH ranged from 7.2
(T1) to 7.9 (T7), with integrated treatments slightly
increasing pH due to organic matter addition. Electrical
conductivity was highest under FYM-based treatments
(0.835-0.882 dS m™* in T3 and T4), while T7 recorded the
lowest EC (0.315 dS m™") among fertilized treatments.
Exchangeable sodium was highest in T5 (2.37 mg kg™?).

Post-harvest soil physico-chemical properties as influenced by integrated nutrient management and genotypes in wheat

Genare pH EC (dS Organic carbon  Av.N (mg  Av.P,05 (mg Av.K;0 (mg Na (mg
(1:2.5) m™") (%) kg™*) kg™*) kg™*) kg™")
BARDC-1 7.582 0.522 0.105° 0.81b 49v 126.90 1.64P
BARDC-2 7.52b 0.524 0.1182 0.902 532 133.62 1.682
LSD (P <0.05) (G) 0.03 NS 5.74 8.29 5.74 6.29 0.01
Treatment
T1 Control 7.24 0.360¢ 0.078e 0.69f 41f 128.2 1.384
T2 100 % NP 7.0¢ 0.3854 0.125b 0.90¢ 58b 117.0 1.394
T3FYM 10tha™ 7.70 0.835P 0.0904 0.95b 47e 131.0 2.12b
T4 FYM + 50 % NP 7.5¢ 0.8822 0.110¢ 0.88d 40f 114.2 1.394
T5 Biozote alone 7.5¢ 0.530¢ 0.0874 0.96° 544 145.6 2.372
T6 Biozote + 50 % NP 7.7° 0.355¢ 0.133b 0.76¢ 602 138.9 1.27¢
T7 Biozote + FYM 5 t + 50 % NP 7.92 0.315f 0.1452 0.1002 57¢ 136.6 1.71¢
LSD (P < 0.05) (T) 0.05 0.017 0.01 1.55 1.07 NS 0.02

Notes: Means followed by different letters are significantly different at P < 0.05 (LSD).

NS = Non-significant effect.

Figure 1
Relationship between organic carbon and available nitrogen in
wheat under different integrated nutrient management practices
(mean of two genotypes; n = 70; r = 0.91% P < 0.05). The solid line
represents the linear regression (y = 1246.5x + 64.82; R* = 0.831).
y =1246.5x + 64.82

R?=0.831
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Sy °®
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Organic carbon (%)
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Organic carbon exhibited a strong positive linear
relationship with available nitrogen (r = 0.91* R? = 0.83;
Figure 1).

3.2 Post-harvest soil microbial population

Soil microbial populations were significantly influenced by
both genotype and treatment (Table 3). BARDC-2 recorded
significantly higher bacterial and fungal populations than
BARDC-1. Treatment T7 supported the maximum bacterial
(30.55 x 10° CFU g™* soil) and fungal (20.52 x 10> CFU g™*
soil) populations, showing increases of 101 % and 152 %,
respectively, over the control. T6 ranked second, while
sole Biozote (T5) and FYM (T3) also significantly raised
microbial counts compared to the control and 100 %
chemical fertilizer (T2).

Table 3
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Post-harvest soil microbial population as influenced by
integrated nutrient management practices and genotypes in
wheat

Bacterial population Fungal population

Relationship between organic carbon and bacterial
population in wheat under different integrated nutrient
management practices (mean of two genotypes; n = 70; r =
0.96% P < 0.05). The solid line represents the linear

Genotype (x10° CFU g~ soil) (%105 CFU g~ soil) regression (y = 199.84x - 8.614; R? = 0.924).
BARDC-1 22.87° 13.51° V= 199.84x—8.614
2
0 R*=0.924
BARDC-2 24.092 14.272 "-M
> 30 [ ]
t-) ‘/./‘/
LSD (P < 0.05) (G) 1.72 1.37 S 20 ®
x [
g 10
Treatment g
s 0
g 0 0.05 0.1 0.15 0.2
T1 Control 15.22f 7.92¢ e N
a Organic carbon (%)
T2100 % NP 18.97¢ 10.57¢ Organic carbon was very strongly correlated with bacterial
population (r = 0.96* R? = 0.92; Figure 2).
T3 FYM 10 tha™ 23.15¢ 18.77° Early establishment and growth parameters
In growth parameters the genotype BARDC-2 showed
ELI}J FYM + 50 % 24.77 ¢ 17.67 ¢ significantly higher coleoptile length (8.3 cm) than
BARDC-1 (7.3 cm), plant population also showed
significant result between genotypes, while differences in
i c f . . . . . .
T5 Biozote alone 25.07 9-90 tillers, days to germination, days to physiological maturity,
_ and plant height were non-significant (Table 4). Among
OTA?I\?];OZOW +50 26.62 b 11.90 d INM treatments also significantly affected growth. T7
(Biozote + FYM 5 t + 50% NP) recorded the highest tillers
T7 Biozote + FYM 30,55+ — (4649 m™2), plant height (102.5cm), and days to
5t+50% NP : ) physiological maturity (190.7). Treatments T6 and T7
consistently enhanced plant population, coleoptile length
LSD (P < 0.05) (T) 3.21 2.56 (non-significant), and tillering compared to chemical-only
(T2) or control (T1).
Figure 2
Table 4
Growth parameters of wheat as influenced by integrated nutrient management and genotypes
Genotypes Days to Plant Coleoptile Tillers Days to Plant
germination population Length (cm) m™2 Physiological height (cm)
(plants m~?) Maturity
BARDC-1 14.7 81.6° 7.3b 335.3 189.06 86.0
BARDC-2 14.3 93.22 8.32 351.5 189.00 86.1
LSD (P < 0.05) (G) NS 9.54 0.89 NS NS NS
Treatment
T1 Control 15.02 90.62 7.5 263.64 188.40b¢ 74.14
T2 100 % NP 13.5> 87.82b 8.0 315.4¢ 188.10¢ 83.5¢
T3FYM 10tha™ 14.72b 89.44 8.3 322.4¢ 188.30b¢ 82.3¢
T4 FYM + 50 % NP 15.2a 93.42 6.9 331.7¢ 188.50v¢ 83.6¢
T5 Biozote alone 15.02 70.1b 8.4 313.1¢ 189.00° 83.7¢
T6 Biozote + 50 % NP 14.720 88.72 8.0 392.80 190.202 92.8b
T7 Biozote + FYM 5t+ 50 % 13.6° 92.02 7.6 464.92 190.702 102.52
NP
LSD (P < 0.05) (T) 1.27 17.86 NS 17.9 0.76 6.18

Notes: Means followed by different letters are significantly different at P < 0.05 (LSD).

NS = Non-significant effect.

3.4 Wheat Physiological Traits

wheat physiological traits were significantly influenced by
both genotype and treatment (Table5). BARDC-2 had
significantly higher chlorophyll (SPAD) than BARDC-1 at
anthesis (57.5vs 53.7) and grain filling (80.4vs 74.5).
NDVI at anthesis (0.47 vs 0.46) and grain filling (0.66 vs
0.63) were non-significant (NS) between genotypes.

IJBR Vol.4 Issue.1 2026

Among treatments, Integrated nutrient management
significantly affected SPAD and NDVI. T7 (Biozote + FYM 5
t + 50% NP) recorded the highest SPAD at anthesis (58.8)
and grain filling (81.7), and NDVI at anthesis (0.59) and
grain filling (0.82). Treatments combining biofertilizer,
organic manure, and partial NP (T4, T6, T7) consistently
outperformed control (T1) and Biozote alone (T5),
whereas chemical-only (T2) was intermediate.
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Table 5

Response of Advanced Wheat Lines to Integrated Nutrient Management...

Physiological parameters of wheat as influenced by
integrated nutrient management and genotypes

LSD (P < 0.05)

(1) 3.58

5.08 0.04 0.06

3.5 Yield attributes and productivity
Yield attributes were significantly influenced by both

Chloroph
ycl{"(‘;ff,’f,;’) yll N':tv L grl:g genotype and treatment (Table6). BARDC-2 had
Genotypes at (Splr?izlat anthes at significantly longer spikes (11.08cm) and higher
anthesis fg;lling is filling 1000-grain weight (41.1 g) than BARDC-1 (9.58 cm;
stage stage stage stage 40.0 g), also recorded significantly total dry matter and
BARDC-1 53.7b 74.5b 0.46 0.63 harvestindex while other traits, including grains per spike,
BARDC-2 57.5° 80.42 0.47 0.66 grain yield and straw yield were non-significant (NS)
%g;) (P <0.05) 1.91 2.71 NS NS between genotypes. Among treatment effect INM
Treatment significantly influenced all yield traits. T7 (Biozote + FYM
T1 Control 53.3cd 74.2¢cd 0.394 0.544 5 t + 50% NP) produced the highest spike length
T2100 % NP ) 56.5ab¢ 78.73 0.49><  0.68b (10.57 cm), grains per spike (54.0), 1000-grain weight
- abc abc c c - . .
E} gm 1055}3;‘ NP 5567.52311 ;%'glab g‘ggb 8'?; (47.9 g), total dry matter (16,903 kgha™), grain yield
(1] 5 . . . -1 . -1
TS5 Biozote alone 52.3¢ 72.8¢ 032¢  0.44e (5504.2kgha™), and straw yield (12,30Zkgha™).
T6 Biozote + 50 % g i - . Control (T1) recorded. the 1ow.estlv.alues, and intermediate
NP treatments (T2-T6) differed significantly.
T7 Biozote + FYM
5 ¢+ 509 NP 58.8 81.7 0.59 0.82
Table 6
Yield attributes and grain yield of wheat as influenced by integrated nutrient management and genotypes
Gentypes Spike Grains 1000-grain Total dry Grain yield Straw yield Harvest
length (cm) spike™* weight (g) matter (kg (kg ha™) (kgha™) index (%)
ha™)
BARDC-1 9.58b 433 40.0b 11255b 3841.6 7875.2 32.040
BARDC-2 11.082 435 41.12 124222 4062.4 8208.6 34.912
LSD (P < 0.05) (G) 0.28 NS 0.96 1136.5 NS NS 2.8716
Treatment
T1 Control 9.80¢ 34.2f 32.5f 8146¢ 2599.6f 51694 36.58¢
T2 100 % NP 10.372b 38.6¢ 36.2¢ 10472 3060.0¢ 7068¢ 32.852
T3FYM 10tha™ 10.13b¢ 41.2de 39.04 11167¢ 3393.8¢ 7216¢ 35.24¢#b
T4 FYM + 50 % NP 10.332 44 8¢ 42.3¢ 13988P 4360.0¢ 9444b 32.27°
T5 Biozote alone 10.602 42.9¢d 41.2¢ 8627de 3928.34 6205¢d 35.74¢#b
T6 Biozote + 50 % NP 10.53= 48.1b 45.0b 13566P 4818.3 8889 34.67
T7 Biozote + FYM 5t + 50 % 10.572 54.02 47.92 169032 5504.22 123022 26.96¢
NP
LSD (P < 0.05) (T) 0.52 3.04 1.81 2126.1 412.93 1327.7 2.4005
Notes: Means followed by different letters are significantly different at P < 0.05 (LSD).
NS = Non-significant effect.
) A T5 Biozote alone 13.40¢ 13.45¢ 1.62bc 11.552
3.6 Grain quality parameters T6 Biozote + 50 % NP 13.70>  13.80b 170> 1155
The Grain quality traits exhibited significant treatment T7 Biozote + FYM5t+  14.22a 14.907 1.82a  11.40v
and genotype effects (Table 7). BARDC-2 exhibited 50 % NP
LSD (P <0.05) 0.12 0.12 0.08 0.09

significantly higher protein (13.22 %), gluten (13.82 %),
and ash content (1.62 a %) compared to BARDC-1 (protein
12.80 %, gluten 12.91 b %, ash 1.48 %). Moisture content
was significantly higher in BARDC-1 (11.50 %) than
BARDC-2 (11.36 %). Among treatment effect the INM
significantly influenced all quality traits. T7 (Biozote +
FYM 5 t + 50% NP) produced the highest protein (14.22
%), gluten (14.90 %), and ash content (1.82 %), while T1
(Control) recorded the lowest values.

Table 7
Grain quality parameters of wheat as influenced by
integrated nutrient management and genotypes

Genotype Protein Gluten Ash  Moisture
(%) (%) (%) (%)
BARDC-1 12.80° 12.91b 1.480 11.502
BARDC-2 13.22a 13.822 1.622 11.36P
LSD (P <0.05) 0.06 0.06 0.046 0.05
Treatment
T1 Control 12.00f 12.10d 1.304 11.20¢
T2 100 % NP 12.05f 12.024 1.324 11.40°
T3FYM 10 tha™ 12.70¢ 13.50¢ 1.55¢ 11.35b
T4 FYM + 50 % NP 13.004 13.80P 1.55¢ 11.602

IJBR Vol.4 Issue.1 2026

Notes: Means followed by different letters are significantly
different at P < 0.05 (LSD).
NS = Non-significant effect.

Figure 3

Relationship between bacterial population and grain
protein content of wheat under different integrated nutrient
management practices (mean of two genotypes; n = 70; r =
0.89% P < 0.05). The solid line represents the linear
regression (y = 0.2382x + 8.374; R*= 0.794).

y=0.2382x + 8.374
2= 094

0 10 20 30 40
Bacterial pop. (x10° CFU g™%)

=k
1 o W

Protein (%)

o

Page | 24

Copyright © 2026. IJBR Published by 101 Research (Pt1)
£ This work is licensed under a Creative Commons Attribution 4.0 International License.



Response of Advanced Wheat Lines to Integrated Nutrient Management...

Ullah, H. et al,,

Bacterial population showed a very strong positive linear
relationship with grain protein content (r = 0.89% R? =
0.79; Figure 3).

3.7 Correlation among selected traits

Pearson’s correlation coefficients among key growth,
physiological, soil and quality parameters are presented in
Table 8. Grain yield exhibited very strong positive
correlations with productive tillers m™? (r = 0.94*), post-

Table 8

harvest bacterial population (r = 0.92* Figure 4), NDVI at
grain-filling (r = 0.91*), chlorophyll content at anthesis (r
=0.89%),1000-grain weight (r = 0.88*) and protein content
(r = 0.87*) (P < 0.05). Post-harvest bacterial population
was strongly correlated with grain protein content (r =
0.89%*, Figure 3), while soil organic carbon showed very
strong relationships with both bacterial population (r =
0.96*, Figure 2) and available nitrogen (r = 0.91*, Figure
1).

Pearson’s correlation coefficients among selected growth, physiological, soil and quality parameters in wheat (mean of two

genotypes; n=70)

Tillers 1000- NDVI Chlorophyll Protein Bacterial pop. Org. Av.N Grain
Parameter m~2 grain wt grain anthesis (SPAD) (%) (x10°CFUg™) carbon (mg yield (kg
(g) filling (%) kg™) ha™)
Tillers m™2 1
1000-grain 0.85 1
weight (g)
NDVI - grain 0.96 0.87 1
filling
Chlorophyll 0.92 0.84 0.93 1
(SPAD) -
anthesis
Protein content 0.89 0.81 0.90 091 1
(%)
Bacterial 0.93 0.86 0.94 0.90 0.89 1
population
Organic carbon 0.90 0.83 0.92 0.88 0.86 0.96 1
(%)
Available 0.87 0.80 0.89 0.86 0.84 0.91 091 1
nitrogen (kg
ha™)
Grain yield (kg 0.94 0.88 0.91 0.89 0.87 0.92 0.90 0.88 1
ha™)

Note: All values are significant at P < 0.05

Figure 4

Relationship between post-harvest soil bacterial population
and grain yield of wheat under different integrated nutrient
management practices (n = 70; r = 0.92% P < 0.05). The solid
line represents the linear regression (y = 314.2x - 2230; R? =
0.85).

y=314.2x-2230
R*=0.85

6000
5000
4000 ®
3000
2000
1000

Grain yield (kg ha™)

0 10 20 30 40
Bacterial population

The strong linear relationship (r = 0.92* R? = 0.85)
between soil bacterial population and grain yield (Figure
4) confirms that enhanced microbial activity was a key
factor in the superior performance of T7.

4. DISCUSSION

4.1 Soil health improvement

The marked increase in organic carbon and available
nutrients under integrated treatments, especially T7,
resulted from enhanced organic matter input from FYM
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and accelerated microbial mineralization driven by
Biozote. These findings agree with recent semi-arid
studies reporting 25-40 % higher soil organic carbon and
improved N and P availability when FYM is combined with
microbial inoculants (Kushwah et al., 2024; Parveen et al,,
2025; Parewa et al,, 2022). Genotype BARDC-2 left slightly
higher residual nutrients than BARDC-1, indicating
superior root activity and rhizodeposition, a trait linked to
nutrient-use efficiency in modern wheat cultivars under
reduced fertilizer regimes (Salam et al., 2025; Zulfigar et
al,, 2023). Thus, integrating Biozote and FYM with 50 %
recommended chemical fertilizer (T7) offers a practical
and sustainable strategy for restoring soil fertility in the
high-pH, low-organic-matter soils of Balochistan’s semi-
arid highlands.

4.2 Enhancement of post-harvest soil microbial
populations

The substantial increase in bacterial and fungal
populations under integrated treatments, particularly T7,
reflects the combined effect of readily decomposable
carbon from FYM and growth-promoting stimuli from
Azotobacter-based Biozote. These results align with recent
field studies in semi-arid regions demonstrating that co-
application of organic manure and microbial inoculants
can raise soil bacterial counts by 80-120 % and fungal
counts by 100-150 % compared with chemical fertilizer
alone (Kushwah et al,, 2024; Parewa et al., 2022; Jat et al,,
2018). The slightly higher microbial populations
associated with genotype BARDC-2 suggest greater
rhizosphere competence and root exudation, a trait
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increasingly recognized in nutrient-efficient wheat
cultivars under reduced fertilizer regimes (Salam et al,,
2025; Zulfigar et al., 2023). Thus, the integration of Biozote
and FYM with 50 % recommended chemical fertilizer (T7)
effectively revitalized soil microbial communities,
providing a sustainable foundation for long-term wheat
productivity in the semi-arid highlands of Balochistan.

4.3 Growth and physiological performance

The superior vegetative growth under integrated nutrient
management, particularly T7, resulted from improved
synchrony between nutrient release and crop demand,
leading to higher tiller density, plant height, chlorophyll
content and NDVI throughout the season. These findings
are consistent with recent studies demonstrating that
combined application of biofertilizers and organic
amendments enhances nutrient availability, root
proliferation and canopy development in wheat under
semi-arid conditions (Fazily et al., 2021; Kumar et al,,
2022). Genotype BARDC-2 exhibited greater coleoptile
length, tillering and leaf greenness than BARDC-1,
confirming its superior seedling vigor and physiological
efficiency (Vukasovic et al, 2022). The prolonged
availability of nitrogen and micronutrients from FYM
mineralization and Biozote-mediated fixation sustained
vegetative growth and delayed senescence, as reflected in
higher SPAD values and NDVI at grain filling (Khan et al,,
2017; Ikan et al,, 2024; Ramzan et al., 2020). Overall, the
synergistic effect of Biozote, FYM and 50 % recommended
NP in T7 provided a balanced and sustained nutrient
supply, supporting robust growth and physiological
performance of wheat in the resource-limited highland
environment of Quetta.

4.4 Yield attributes and grain yield

The superior yield performance of T7 confirms that
integrating biofertilizer, organic manure and partial NP
substantially boosts wheat yield components through
enhanced nutrient uptake and reproductive efficiency.
Greater spike length, grains per spike, 1000-grain weight,
grain yield and total dry matter under T7 reflect improved
biomass accumulation and sink strength. These results
align with recent semi-arid trials showing INM
outperforms sole chemical or organic fertilization by 15-
35 % in grain yield (Zulfigar et al,, 2023; Ikan et al., 2024).
Genotypic differences in spike length and 1000-grain
weight highlight varietal variation in sink capacity and
grain-filling efficiency, while non-significant differences in
total dry matter, grain yield and straw yield under T7
indicate nutrient management's dominant role over
genotype in your conditions. Overall, T7 offers a
sustainable approach to maximize wheat productivity in
Quetta's semi-arid agro-climatic zone.

4.5 Grain quality responses

The marked improvements in grain protein, wet gluten
and ash contents under T7 reflect enhanced late-season
nitrogen availability and micronutrient uptake from the
synergistic action of Biozote, FYM and partial NP, which
promote better protein synthesis and mineral
accumulation in the grain. These findings are consistent
with recent semi-arid wheat studies showing INM
increases protein and gluten by 10-25 % compared to sole
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chemical fertilization (Salam et al., 2025; Kumar et al,,
2015; Kushwah et al,, 2024). Genotype BARDC-2's higher
protein (13.22 %), gluten (13.82 %) and ash (1.62 %) than
BARDC-1 indicate superior sink strength and nutrient
remobilization efficiency, while BARDC-1's higher
moisture (11.50 %) suggests varietal differences in grain
hydration. Non-significant moisture variation across
treatments underscores INM's focus on nutritional quality
over physical traits. Overall, T7 provides a sustainable
means to elevate wheat grain quality for milling and
baking in Balochistan's semi-arid conditions.

4.6 Mechanisms and correlations

The Pearson’s correlation analysis revealed very strong
positive relationships between grain yield and several key
traits (Table 8). The particularly tight linear association
between post-harvest bacterial population and grain yield
(r=0.92*% R?=0.85; Figure 4) provides clear evidence that
improved soil microbial activity was a major driver of the
superior performance observed under T7 (Parewa et al,
2022; Ikan et al., 2024; Dai et al,, 2025).

The tight correlation between soil bacterial
population and grain protein content (r = 0.89% R? = 0.79;
Figure 3) indicates that microbial-mediated nitrogen
mineralization during the post-anthesis period directly
contributed to higher grain protein, a key quality
parameter for milling and baking (Ramzan et al,, 2020;
Kumar et al,, 2015).

The exceptionally strong relationship between soil
organic carbon and bacterial population (r = 0.96* R? =
0.92; Figure 2) confirms that organic matter input from
FYM served as the primary energy source driving
microbial proliferation under integrated management
(Dhaliwal et al., 2021; Kushwah et al., 2024; Parveen et al,,
2025).

The significant correlation between organic carbon
and available nitrogen (r = 0.91*% R? = 0.83; Figure 1)
demonstrates that FYM addition enhanced N
mineralization, thereby sustaining crop demand and
reducing reliance on chemical fertilizers (Jat et al., 2018).

These highly significant associations highlight the
pivotal role of enhanced soil microbial activity and organic
carbon status in driving nutrient mineralisation,
photosynthetic efficiency and, ultimately, higher grain
yield and quality under integrated nutrient management
(Kushwah et al.,, 2024; Parewa et al.,, 2022; Jat et al.,, 2018;
Alietal,, 2025).

4.7 Practical implications

Integration of Biozote and FYM with only 50 % of
recommended chemical fertilizer (T7) offers a practical,
cost-effective and environmentally sustainable alternative
for wheat growers in Balochistan, reducing fertilizer
requirement while doubling productivity and restoring
soil health.

5. CONCLUSION

Integrated application of Biozote (5 kg ha™), farmyard
manure (5 t ha™') and 50 % recommended chemical
fertilizer (T7) proved the most effective and sustainable
nutrient management strategy for wheat under semi-arid
highland conditions of Balochistan. This practice not only
doubled grain yield (5504 kg ha™) over the unfertilized
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control but also significantly improved grain quality and
post-harvest soil fertility. Genotype BARDC-2 exhibited
superior performance across traits. The study strongly
recommends adoption of T7 as a resource-efficient
approach to enhance wheat productivity while
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