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Abstract

In the absence of organic matter, the soil is an inert matter and cannot sustain productivity. The soil fertility
scenario of Pakistan depicts low organic matter status and low nitrogen contents and has low use efficiency. This study
was initiated during 2017-18 to enhance soil nitrogen contents and organic matter through green manuring and
augmentation of N use efficiency under agro-ecological condition of Quetta. This experiment consists of five treatments
(T1 = Green manuring (GM); T2= GM +25% recommended N (30 kg N ha); Ts= GM+50% N (60 kg N hal); T, =
GM+75% N (90 kg N hal); Ts = GM+100% N (120 kg N hal) and three replications based on randomized complete
block design (RCBD). The results revealed that all the study parameters except plant height and chlorophyll contents were
improved when 75 and 100% recommended N were applied to wheat crops after green manuring. Green manuring helped
in enhancing soil N level when 75% recommended N was applied because both 75 and 100% N expressed statistically at
par differences for wheat traits and yield. In addition, green manuring increased NUE by 68.9, 147.0, 126.2, and 100.8%
across different N percentages (25, 50, 75 and 100%). However, without the addition of nitrogen fertilizer, only green
manuring could not meet the N requirement of wheat crops. Consequently, it is inferred that green manuring helped in
enhancing soil organic matter and total nitrogen when N fertilizer was applied to the wheat crop. It is suggested that
various green manure crops can be evaluated to augment SOM and TN for the succeeding crop.
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Introduction for supplying to soil and have the ability to decompose

Soil organic matter plays a significant role in rapidly after incorporating in the soil (Singh et al., 2013).
sustainable agriculture production. Green manuring as an Soil properties are influenced under the practice of
organic amendment is practiced in various cropping green manuring. A group of researchers have reported that
systems by farmers across the world (Bai et al., 2017). green manuring affect soil physical properties to great
Different crops are grown for the purpose of green extent such as decreased soil bulk density, increased soil
manuring but the legumes are intended superior over non- ~ Porosity, improved soil structure in terms of water stable

legume in terms of augmentation of more organic matter ~ aggregates and soil organic matter. They further noted
and soil nitrogen level (Carlsson and Danell, 2003). In enhancement in soil total a_nd available nitrogen (Luo gt
addition, green manuring helps in moisture conservation, a!., 2029)' The accumulatl_on of dry matter of crop 1S

. . . directly influenced by the nitrogen uptake where nitrogen
particularly in water scare farming system (Hasan et al.,

. . ) management practices are carried out in terms of
2014). The superiority of leguminous crops included g P

: increasing soil organic matter (Kumar et al., 2014). A
alfalfa, beans, clovers, lupines and vetchs as green manure group of researchers evidenced that the crop grain yield

is due to its ability of nitrogen fixation through symbiosis  and biological yield was significantly correlated with
leading to buildup soil nitrogen level that can be utilized nitrogen uptake (Deng et al., 2014). However, some
by the succeeding crops (Ramos et al., 2001). The practice researchers reported that the correlation between dry

of green manuring results in reduction of inputs such as in matter and N uptake in rice crop varied with respect to
applying nitrogenous fertilizers and accelerates the growth stages (Zhou et al., 2016). According to the
availability of soil internal resources for many crops  findings of another group of researchers that when the
grown successfully on manured soil (Bohlool etal., 2004). ~ growth of rice crop reached to tillering and panicle
For the best performance of green manuring, those crops initiation stages the accumulation of nitrogen and dry

matter augmented correspondingly (Liu et al., 2015; Ma
et al., 2015). It is known scientifically that the application
of N fertilizer in high rates results in non-productive tillers
because of more vegetative growth or more tillering which
has already been reported in China where farmers use high

must be selected fulfilling the criteria of fast and vigorous
vegetative growth early with deep roots, have non-fibrous
tissues, required less water for growth, possess nutrients
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rates of fertilizers with intention of getting more dry
matter and grain yield (Cao et al., 2013; Zhang et al.,
2017).

The residual effect of green manuring remains in soil
for years (>1 year). In a study conducted by Yadav et al.
(2003) reported that the application of N fertilizer was
reduced in succeeding crop when cowpea crop was used
as green manuring for better N availability and improved
nitrogen use efficiency of the applied N fertilizer. The use
of sesbania and cowpea as green manure crop improved
soil physical and chemical properties in terms of increased
soil organic matter, soil nitrogen level and soil health.
Such improvements in soil resulted in enhancement of
growth and grain yield of the succeeding crop where the
applied fertilizer efficiency increased in comparison to
sole fertilizer usage without having green manuring (Patra
etal., 2000). Similar results were reported by Kumar et al.
(2011) that green manuring augmented soil N, P and K
concentration by 12-21%, soil organic matter by 12%.
Likewise, improvement in soil health and crop growth was
recorded by Salahin et al. (2013) after green manuring
practice. Belachew and Abera (2011) compared vetch
green manuring with fallow on soil properties and noted
reduction in soil pH and improvement in soil organic
matter when vetch crop was incorporated after three
weeks of growth.

Without the use of chemical fertilizer, the sole
practice of green manuring cannot support the crop
growth sustainably. To meet the nutrients requirement of
high yielding varieties the integrated use of green
manuring and synthetic fertilizer is one of the best options
along with adoption of other agronomic practices like
timely sowing, weeding, irrigation and pest and disease
control (Dikemann et al., 1993; Yadav, 2001). A green
manuring study conducted by Ghuman and Sur (2006)
during six seasons reported increased in grain yield of
wheat during four seasons while the other 2 seasons
reflected little differences in yield under rice wheat
cropping system. In another investigation carried out by
Yadav et al. (2003) on cowpea green manuring’s
influence on wheat as succeeding crop and revealed 19-
20% increase in wheat grain yield over the treatment
where no green manuring was practiced. Keeping in view
the importance of green manuring the present study was
undertaken to increase soil nitrogen contents and organic
matter through green manuring that subsequently
improved growth, yield and nutrient use efficiency of
wheat as a succeeding crop.

Materials and Methods

A field trial was carried out at the experimental field
of ARI (Agriculture Research Institute), Quetta during the
year 2017-18. The experiment was based on Randomized
Complete Block Design with five treatments which were
replicated thrice in plot size of 15 m2. The treatments were
designed as T1 = Green manuring (GM); T.= GM +25%
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recommended N (30 kg N hal); Ts= GM+50% N (60 kg
N hal); Ts = GM+75% N (90 kg N ha?); and Ts =
GM+100% N (120 kg N ha%). The field was divided into
sub-plots according to the experimental description.
Seshania aculeata (Linn) was used as a green manure
(GM) crop and wheat variety Zardana was sown as a
succeeding crop. Seshania aculeata (Linn) was sown on
first August, 2017 by hand drill with row to row distance
of 40 cm using seed rate of 50 kg ha. When the growth
of GM reached to flowering i.e. 60 days after their
establishment, then mixed in the soil through rotavator
(Sultani et al., 2004). While, wheat was sown on 15th
November through single coulter hand drill using seed
rate of 125 kg ha’. The phosphorus and potassium were
applied @ 90 and 50 kg ha'* using single super phosphate
and sulphate of potash. While, N was applied per
treatments using urea. All P, Kand ¥4 N were added during
sowing time. However, remaining N per treatments were
applied into split doses at the time of 1t and 2" irrigations.
The wheat crop was given 5 irrigations according to
critical stages of crop growth.

Soil analysis: The soil of the experimental site was
analyzed for physicochemical properties included texture,
organic matter, pH, EC, Macronutrients (N, P and K
concentration). Bouyoucos hydrometer method was used
for determination of soil texture (Bouyoucos, 1962),
organic matter contents of soil by oxidizing method
(Walkley, 1947 and Black 1993). Soil pH and EC
(Electrical conductivity) was determined in 1:20 soil to
water ratio (McLean, 1982). While, available P and K by
AB-DTPA extraction method (Soltanpour and Schwab,
1977) and N by Kjeldahl’s method (Jones, 1991). Though,
after the completion of production cycle of wheat, soil
samples were collected from each replicated treatment and
analyzed for determination of the properties as for the pre
soil samples.

Plant tissue analysis: Flag leaf was collected from 10-30
plants in each plot at milking stage. The samples were then
put in the paper envelopes, labeled them with permanent
marker and delivered to Soil and Water Testing
Laboratory ARI Sariab Quetta the same day and stored
them over there at room temperature i.e. 20 °C for next
coming working day. The samples were decontaminated
and washed following the method of Sonneveld & Dijk
(1982), oven dried at 80 °C, ground to 20 mesh and stored
in plastic bags at 4 °C in the Laboratory for target analysis.
Wheat grains were also analyzed for total nitrogen,
phosphorus and potassium contents following the same
procedure as adopted for leaf tissue as well.

The prepared leaf and grain samples were processed
through wet digestion method as proposed by Wolf
(1982). From these samples, 0.5 g was weighed and taken
in Kjeldahl flask, added 5.0 ml H,SO., kept overnight and
on the next day added few pumice granules and digested
on high temperature (380 °C) for one hour. After cooling
down 2ml H20O, was added and digested for 10 minutes
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and continued the repeated addition of H,O until the
whole sample was digested. The macronutrient such as N,
P and K contents in the clear digest was carried out
following the specific protocol for each nutrient. In the
digest, total nitrogen was determined by Kjeldhal method
(Jones, 1991), P was detected on spectrophotometer
(Jenway 6105, Uv-Vis Spectrophotometer, U.K.)
following the method described by Cottentie (1980)
while, K was determined directly by Flame Photometer
(Jenway-PFP7, UK) (Knudsen et al., 1982).

Agronomic traits: The data regarding plant height, Spad
chlorophyll contents, tillers m, spike length, spikelet spike”
1 seed index, harvest index, biological yield, and grain yield
were collected. The measurement of these traits was
performed: plant height in centimeter was measured from the
surface of the ground to the tip of flag leaf with the help of
measuring tape; Spad chlorophyll meter was used for
measuring chlorophyll contents; at the time of harvest tillers
m2 were counted per treatment; spike length was noted with
measuring tape; for spikelet spike™, 25 spikes per treatment
were selected randomly and counted spikelet spike® and
converted into average; sun-dried seeds of each treatment
were taken and weighed 1000 seed as seed index; both
biological and grain yield of 15 m? plot were obtained at the
time of harvest and converted it into t ha™ and harvest index
was calculated as a ratio of grain and biological yield.
Nutrient uptake (kg ha?)

N-uptake: Nitrogen uptake was calculated through TDM x
N concentration in plant/(100).

P-uptake: Phosphorus uptake was observed through TDM
x P concentration in plant /(100).

K-uptake: Potassium uptake was observed through TDM x
K concentration in plant /(100).

Statistical analysis: One way analysis of variance was
carried out through Statistix 8.1 computer software. The

Table 1. Soil properties of the experimental site
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LSD value for mean comparison was calculated only if the
general treatment F test was significant at probability of
<0.05 (Gomez and Gomez, 1984).

Result and Discussion

Before the plantation of green manure crop, a
composite soil sample was collected from the site and its
physicochemical properties were determined as shown in
Table 1. Texturally, the soil was sandy clay loam with
particle size distribution of 47.4% sand, 31.6% silt and
21.0% clay indicating that the soil is medium in texture.
The chemical properties of the soil revealed alkaline
nature having pH 8.13 and non-saline with electrical
conductivity of 1.27 dSm™. More importantly, the soil
carbon status in terms of soil organic matter manifested
that the experimental site was low in SOM (0.54%). In
case of the plant essential macronutrients particularly total
nitrogen, phosphorus and potassium, the soil of the
experimental area was found low in total nitrogen contents
(0.028%) and AB-DTPA extractable phosphorus (2.17 mg
kgl). However, plant available potassium content (71.24
mg kg™) was recorded in medium level. This is because
the soil of Pakistan including Balochistan contain
potassium bearing minerals which become available to
plants intermittently during cultivation and ploughing.
The availability of other nutrients particularly phosphorus
is one of the limiting factors in agriculture production. In
such calcareous and alkaline soil, the efficiency of applied
fertilizers is also low. In addition to that SOM play a very
significant role in soil health and productivity because in
the absence of SOM, soil is an inert material that can’t
support plant growth (Bedini et al., 2013; Tian et al.,
2016).

Soil parameters Unit Result
Sand % 474
Silt % 31.6
Clay % 21.0
Textural class Sandy clay loam
Soil organic matter % 0.54
pH 8.13
ECi dSm? 1.27
Total nitrogen % 0.028
AB-DTPA extractable phosphorus mg kg* 2.17
AB-DTPA extractable Potassium mg kg* 71.24

Analysis of variance presenting F-value and
coefficient of variance of the deliberate parameters of
wheat crop and post soil organic matter and total nitrogen
contents as affected by green manuring integrated with 25,
50, 75 and 100% recommended nitrogen are given in
Table 2. Except plant height and chlorophyll contents, all
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the studied parameters showed highly significant
differences across the treatments. The statistical analysis
revealed greater number of tillers hill* (10.67) and spike
length (9.20 cm) in T4 (GM+75%N) which was at par
with T5 (GM+100%N) but highly significant over other
treatments (Table 2). In case of number of spikelet spike-
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!, statistically similar values were noted across T3, T4 and
T5. While higher value of seed index (45.90 and 45.93 g),
harvest index (0.50), biological yield (8.0 and 8.10 t ha')
and grain yield (4.0 and 4.03 t ha') were found in T4 and
T5 which were statistically at par from each other but
highly significant over other treatments. These results are
in line with the results of Palled et al. (2000) who recorded
11.7% vyield increase in wheat when green manuring was
practiced using Leucaena leucocephala (subabul) as green
manure crop. Another group of researchers reported
increase in grain yield of wheat when Leucaena leaf used
as mulch and/or incorporated in the soil (Sharma et al.,
2001). Our results are also supported by Prakash and
Bhushan (2003) who used Leucaena leaf @ 3.14 t ha' as
a green manured and planted wheat after 15 days with the
application of 100% recommended N fertilizer which
resulted in enhancement of wheat grain yield. In Table 3,
the lowest values of the investigated parameters were
manifested in T1 where only green manuring was carried
out (control plot) and T2 (GM+25%N). These results
demonstrate that without integration of chemical fertilizer
sole green manuring cannot be sufficient for getting a
higher yield. It is supported by the findings of Dawe et al.
(2003) and Thorup-Kristensen et al. (2012) that too much
or solitary usage of green manuring can inflict negative

Muhammad et al.,

influence on crop yield and the optimal rate of inorganic
N by GM mainly depends on species of crop and soil
fertility status (Yadav et al., 2000).

The average grain yield of wheat obtained in Pakistan
is approximately 2.7 t hal on the expense of
recommended fertilizer and after the green manuring
practice (T1) as well as the application of 25% N
recommended fertilizer after green manuring (T2)
produced grain yield of 2.12 and 2.20 t ha which were
lower than the average yield of Pakistan. Similar results
have been observed in long term experiments conducted
at various locations in South Asia indicating stagnation in
yields with the passage of time even when recommended
rate of fertilizer was used in wheat crop (Ladha et al.,
2003). However, the application of 75 and 100%
recommended N after green manuring enhanced wheat
yield by 88 and 90% over control (no fertilizer application
after green manuring). These results are in line with Shah
et al. (2011) who evaluated six green manure crops in
Pakistan and studied the subsequent influence on wheat
crop where they noted 18.1% increase in grain yield.
Sesbania performed better as compared to other legume
crops used as green manure. Jal et al. (2014) reported
grain yield enhancement from 1.9 to 5.5 t ha™* when 0.0 to
240 kg N ha* was applied to wheat crop

Table 2. Analysis of variance presenting F-value and coefficient of variance of the deliberate parameters of wheat
crop and post soil organic matter and total nitrogen contents as affected by green manuring integrated with 25,

50, 75 and 100% recommended nitrogen.

Particulars | F Value | CcV
Wheat crop characters
Plant height 1.00MNs 0.05
Chlorophyll contents (mg g%) 2.66NS 0.09
No. of tillers hill* 17.62" 11.35
Spike length (cm) 17.49™ 5.18
No. of spikelet spike™ 25.00™ 2.87
Seed index 165.23™ 0.91
Harvest index 4.23" 9.22
Biological yield (t ha™®) 21.34™ 7.70
Grain yield (t hal) 244.67" 3.31
Leaf tissue primary nutrient contents (%)
Nitrogen (N) 125.17" 2.88
Phosphorus (P) 56.40™ 4.84
Potassium (K) 68.96™ 0.84
Grain tissue primary nutrient contents (%)
N 127.37" 5.28
P 56.64™ 4.78
K 70.62™ 1.47
Nutrient uptake (kg ha-1)
N uptake 21.22™ 14.00
P uptake 23.62™ 13.71
K uptake 6.59" 13.48
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Post soil OM and TN

Soil organic matter (SOM)

18.26™ 1.76

Total nitrogen (TN)

20.83™ 1.41

Leaf and grain tissue primary nutrient contents were
highly significantly affected by green manuring and in
conjunction with chemical fertilizer (Table 2 and 3).
Among the treatments, T5 showed maximum leaf and
grain tissue accumulation of N (3.35 and 1.54%) and P
(0.75 and 0.61%) while the lower values of N (2.11 and
0.60%) and P (0.42 and 0.35%) of both leaf and gain
tissues were noted in control (GM). Statistically both T4
and T5 expressed at par differences for N and P contents
in leaf and grain tissue. In case of K contents, both leaf
and grain tissue showed non-significant variation across
T3, T4 and T5 respectively. The enhancement in nutrient

accumulation might be due to the improvement in soil
properties as manifested in Table 2 that green manuring
increased soil organic matter and caused slight reduction
in pH. The availability of phosphorus in calcareous soil is
limited and is one of the main constraints in yield
enhancement. Green manuring has resulted in
improvement in its availability which is reflected in higher
leaf and grain tissue P accumulation. Similar results were
reported by Belachew and Abera (2011) who observed
reduction in soil pH along with enhancement of SOC
noted after three weeks of vetch green manuring over fallo

Table 3. Effect of green manuring integrated with recommended N on growth, yield and nutrient accumulation of

wheat
Particulars Treatments LSD S.E.
T1 T2 T3 T4 T5 (p<0.05)
(GM) (GM+ (GM+ (GM+ (GM+
25%N) | 50%N) | 75%N) | 100%N)
Wheat crop characters
Plant height (cm) 97.17a 97.20a 97.20a 97.23a 97.23a 0.091 0.039
Chlorophyll contents 34.07b 34.11ab | 34.12ab 34.13a 34.13a 0.055 0.024
(mg g™)
No. of tillers hill* 6.0c 6.0c 8.0b 10.67 a 10.33 a 1.753 0.760
Spike length (cm) 7.0c 7.07¢ 8.13b 9.20a 8.87a 0.786 0.341
No. of spikelet spike™ 10.0b 10.0b 11.67a 11.67a 11.67a 0.595 0.258
Seed index 39.10d 41.80c 44.33 b 45.90 a 45.93 a 0.746 0.323
Harvest index 0.40b 041b 0.43ab 0.50 a 0.50 a 0.078 0.034
Biological yield (t ha™®) 5.27¢c 5.33¢c 7.10b 8.0ab 8.10a 0.981 0.425
Grain yield (t hal) 212¢ 2.20¢c 3.10b 40a 4.03a 0.193 0.084
Leaf tissue primary nutrient contents (%)
Nitrogen (N) 2.11d 2.53¢ 3.11b 3.28a 3.35a 0.156 0.068
Phosphorus (P) 0.42d 051c 0.61b 0.62b 0.75a 0.053 0.023
Potassium (K) 2.98 ¢ 3.13b 3.24 a 3.28a 3.28 a 0.050 0.022
Grain tissue primary nutrient contents (%)
N 0.60d 092c 1.36 b 148a 154 a 0.117 0.051
P 0.35d 0.42c 0.50b 0.51b 0.6la 0.043 0.019
K 1.19c 1.30b 1.38a 114a 141a 0.037 0.016

Mean bearing the same letters are statistically being alike

Nutrient uptake and use efficiency are important for
plant growth and yield. In this study, the effect of green
manuring on subsequent planting of wheat revealed highly
significant variations for nutrient uptake, and N use
efficiency as given in Figure lab,c.&d. Among the
treatments, maximum N uptake (200.34 kg hal) was
observed in T5 immediately followed by 193.0 kg N ha*
in T4 and minimum N uptake (79.38 kg ha) was found
in control treatment (Figure 1a). Statistically N uptake
across T3, T4 and T5 was at par from each other but highly
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significant over T1 and T2 respectively. Similar results
were also reported by Jat et al. (2014) who found N uptake
of 41.2t0 217.7 kg ha* when N fertilizer was applied from
0.0 to 240 kg hal. In case of P uptake, after green
manuring the application of 100% recommended N to
wheat crop showed higher P uptake of 55.67 kg ha*
followed by 45.70 kg ha' in T4 (Figure 1b) where both
T4 and T5 were statistically at par from one another.
Similarly, like N uptake, K uptake was also statistically
non-significant across T3, T4 and T5 as shown in Figure
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1c. After completion of production cycle of wheat crop,
the soil analysis for soil organic matter (SOM) and total
nitrogen (TN) revealed maximum but non-significant
SOM (0.90, 0.91 and 0.93%) across T3, T4 and T5 (Figure
2a) while TN was at par across all treatments (Figure 2b).
Nitrogen use efficiency of wheat was higher (146%) in
plot where after green manuring 50% recommended N
was applied followed by 126.145% in T4 (GM+75%N)
(Figureld). According to Pathak et al. (2003) that in South
Asia wheat crop is cultivated in soil having low organic
matter where the applied fertilizer bearing grade of 120-
50-60 kg NPK ha! manifested 58, 27 and 51% recovery
efficiency on average basis. Our results demonstrate that
augmentation in nutrient uptake and N use efficiency is
due to improvement in soil organic matter and soil total
nitrogen after completion of production of wheat which is
reflected in Figure 2a&b that further evidenced from the
linear regression among soil TN, N uptake and P uptake
and SOM (Figure 3a, b & c). It was noted that under the
influence of green manuring in conjunction with chemical
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fertilizer soil TN, N and P uptake of wheat crop was
positively and highly significantly correlated with SOM
having coefficient of determination of 63, 73 and 76%
with coefficient of variance (r) of 0.79, 0.85 and 0.87
respectively (Figure 3a, b & ¢). Among the soil fertility
indexes, soil organic carbon is the most important one that
driven all soil physical, chemical and biological processes
responsible for soil health and productivity (Bedini et al.,
2013; Tian et al., 2016). According to Yao et al. (2017)
that soil organic carbon increased from 14 to 24% by
green manuring over fallow land and other group of
researchers narrated that green manuring augmented
carbon sequestration (McDaniel et al., 2014). Our results
are also in line with findings of Benbi et al. (2012) who
observed augmentation in SOM and TN when after green
manuring recommended N fertilizer was applied. The
reason behind nutrient availability and uptake by crops
after green manuring is due to the development of soil
structure and mineralization of organic substances
(Mohanty et al., 2013; Kumar et al., 2014).
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Figure 1. Green manuring integrated with 25, 50,75 and 100% recommended N influenced N uptake (a), P uptake (b), K
uptake (c) and nitrogen use efficiency (d) of wheat. Error bar represents standard error of means.
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Figure 2. Soil organic matter (a) and total nitrogen content (b) were influenced by green manuring integrated with 25,
50,75 and 100% recommended N. Error bar represents standard error of means.
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Figure 3. Soil organic matter was significantly and positively correlated with soil total nitrogen (a), N uptake (b) and
P uptake (c) under the influence of green manuring integrated with 25, 50,75 and 100% recommended N of wheat as
succeeding crop
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Conclusion

This present study reported that the green manuring
enhanced soil organic matter and soil total nitrogen that
helped in better succeeding crop establishment when 75
and 100% recommended N was applied. While, sole green
manuring cannot ensure sustainable crop production
reflecting lower grain yield and nutrient uptake of wheat.
Higher N use efficiency was found in treatment where
after green manuring 50 and 75% recommended N
fertilizer was applied. Greater grain yield of wheat was
obtained in the plot where after green manuring 75 and
100% recommended N was applied. Consequently, it is
suggested that various green manure crops can be
evaluated to augment SOM and TN for enhancing the
growth and yield of the succeeding crop with the
integration of 75% N fertilizer.
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