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Abstract

Aim of study: A field experiment was executed, under rainfed conditions from 2014-15 to 2017-18, to study the role of cowpea (Vigna
unguiculata L.) in rainwater harvesting to enhance the wheat (Triticum aestivum L.) yield.

Area of study: Rain-fed area of Pothwar region, Punjab, Pakistan.

Material and methods: We designed three treatments (T1: control; T2: cowpea grown after conventional tillage and incorporated into
soil to act as “green manure”’; and T3: grown without any tillage practice, cut with sickle and spread as “mulch”). The effect of these treat-
ments on soil moisture conservation was studied against conventional farmer’s practice, wherein no host crop is grown before wheat sowing.

Main results: Available soil water remained highest in T2 during first three years when sufficient rainfall was received contrary to
fourth year with low rainfall. The results revealed that cowpea biomass of 15.2 t/ha and 13.72 t/ha, from T2 and T3 respectively, were
produced during 2015 corresponding to 213 mm rainfall. Whereas, these quantities increased to 25.69 t/ha and 24.29 t/ha during 2017
with 387 mm of rainfall. The study revealed that net income from wheat crop under T2 was Rs 13000 and Rs 9000 per hectare higher than
that of control during the first two years respectively. Contrarily, net income from T2 was found negative and benefit-cost ratio reduced
to 0.79 when very low rainfall was received during the last year.

Research highlights: Use of cowpea as green manure gave maximum net return if sufficient rainfall is received during decomposition of
cowpea and hence recommended for in-situ rainwater harvesting.

Additional key words: Vigna unguiculata L.; conservation tillage, in-situ moisture conservation; green manure; mulching; rainwater
harvesting.

Abbreviations used: BCR (benefit cost ratio), GM (green manure),
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Introduction ranges from 300-1000 mm, which is near sufficient to ful-

fill crop water requirements (Rashid et al., 2012; Salma

Water is crucial for life and rain is the major source of wa-
ter in Pothwar region of Pakistan. The agriculture in rainfed
areas having sloppy lands like Pothwar is often confronted
with two main problems i.e., soil erosion and water stress
(SAWCRI, 2020). The careful husbandry of soil and water
is essential for food security and environmental protection.
Mismanagement of rainwater has caused above mentioned
twin menace in the area. Annual average rainfall in the area

et al., 2012). However, the rainfall in the area is erratic in
terms of availability on demand due to insufficient facilities
of water storage in the area (Blanco & Lal, 2008). It is, the-
refore, vital to use rainwater in-situ (i.e., where it falls) and/
or store the rainwater for its subsequent use as per demand.
In-situ storage and conservation of rainfall is being prac-
ticed in various parts of rainfed areas globally. Alongside
the other methods, incorporation of green crops in the soil
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and various types of mulches can conserve water as soil
moisture to fulfill major part of crop water requirement and
current study is a test of this view. The other issue of the
area is soil erosion that is mainly caused by overland flow
of rainwater. During high intensity rainfall showers the top
layer of fertile soil erodes and fertility is lost. This issue
can also be addressed by using the above techniques. Glo-
bal climate change has resulted in erratic rainfall, longer
dry spells and decreased water availability to crops around
the world (IPCC, 2007; Marris, 2008; Milly et al., 2008).
Rainfed agriculture is more sensitive to climatic variations
(Hanjra & Qureshi, 2010). Major agricultural area around
the world is rainfed with 60% share in crop production;
they cover 80% of global agricultural area (WWAP, 2009).
Nevertheless, agricultural production is quite less in arid
and semi-arid parts of rainfed agriculture due to erratic ra-
infall, poor soil and water management practices (Rocks-
trom et al., 2010).

Water and soil must be conserved by adopting sus-
tainable practices. It has become essential to find sustai-
nable ways to increase the yield, productivity and profi-
tability by minimizing the cost of production. Intensive
cropping pattern, excessive growth of weeds and unsafe
agricultural practices, e.g. excessive tillage result in ero-
sion, with no soil replenishment plan results in soil mois-
ture depletion and degradation of productive land. Soil
nutrient deficiency is overcome by applying different
kinds of organic and inorganic fertilizers e.g. compost,
mulch, green manuring, farmyard manure and artificial
fertilizers (urea, di-ammonium phosphate, single super
phosphate). However, organic fertilizers are safer and
eco-friendly. There is a rising scope of organic amend-
ments in providing healthy food for population. Addition
of organic matter is known to influence some of the im-
portant soils physical, chemical and biological proper-
ties (Trisdal, 1989). The improvement of soil physical
characters are the main benefits of organic amendments;
however, the organic content is quite low in most of
agricultural soils around the world. It also enhances soil
biological activities by increasing mineralization rates
and nutrient cycling (Dick, 1992; Pinamonti, 1998). Ad-
dition of organic matter decrease fertilizer requirements
(Evanylo et al., 2008), soil bulk density, and increases
soil carbon and improves soil structure (Pinamonti ef al.,
1995; Tiquia et al., 2002). Mulching and green manuring
are reliable and effective techniques to increase soil or-
ganic matter that help in soil replenishment, maintains
soil fertility and moisture conservation. Green manuring
and soil mulching play an important role in conservation
of soil moisture during dry spell, besides decreasing wa-
ter runoff and soil erosion (Hira et al., 2003), in addition
to increase water and fertilizer use efficiency (Salaria,
2009). Moreover, it helps in regulating soil temperature
by keeping it warm in winter and cool in summer (Ra-
makrishna et al., 2006). The application of organic and

Spanish Journal of Agricultural Research

inorganic mulches creates an additive effect by restric-
ting the nutrient removal through weeds and ultimately
creating favorable conditions for availability of nutrients
for getting higher productivity of good quality fruits on
sustainable basis (Bakshi ef al., 2015).

Agriculture sector has transformed from sustainable to
business-oriented enterprise and it has increased pressure
on soil productivity, health and sustainability. Potential
of organic amendments vary in different regions, which
need to be carefully monitored (Sajjad et al., 2018). The
leguminous green manure (GM) crops are comparatively
better than non- leguminous GM crops (Aynehband et a!.,
2012). However, there is a need to investigate the poten-
tial of green manuring and mulching with conservation
tillage (i.e. mulch with no-till) for wheat production and
profitability under semiarid conditions. Conservation of
soil moisture is imperative owing to meager costly irriga-
tion facilities.

It is quite evident from the above review that issues
of water resources management and soil health improve-
ment as well as soil erosion are required to be addressed
for arid and semi-arid agriculture. There is a dire need
of rainfed areas to study economical methods for water
conservation and improvement of soil health and pro-
ductivity. Application of leguminous crops as GM and
mulch is one of such economical methods. The present
study was executed to evaluate the role of cowpea when
used as “green manure” and “mulch with no till” in ra-
inwater harvesting and increasing wheat productivity in
Pothwar area of Pakistan.

Material and methods

A field experiment was executed to study the role of
cowpea (Vigna unguiculata L.) in rainwater harvesting
and enhancing the wheat (7riticum aestivum L.) yield un-
der rainfed conditions from 2014-15 to 2017-18. The ex-
periment was conducted at the research area of Soil & Wa-
ter Conservation Research Institute (SAWCRI) Chakwal,
located at 32°55.756" N latitude, 72°43.650" E longitu-
de with an altitude of 524 m. The climate of Chakwal is
semi-arid, subtropical with hot summers and cold winters.
The average rainfall of the area is 565 mm (http://clima-
te-data.org). Weather data recorded at the meteorological
observatory of SAWCRI, located within 1 km distance
from the experimental site, were used. Detailed descrip-
tion of all data recorded with observations frequency is
given in Table 1. Daily rainfall data was obtained from
the SAWCRI observatory and estimated effective rainfall
for the entire experimental duration (2014-2018). Rainfall
events equal and above 5 mm were considered effective
and showers below 5 mm were ignored. The experimen-
tal seasons generally comprise the months of July-August
(for cowpea) and November-April (for wheat). However,
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Table 1. Detail of data elements and their frequency of observation.

;l; Major data elements Variables Frequency of observation

1. Composite soil samples Soil texture; organic matter; pH; ECe; available P; At beginning of experiment
extractable K

2. Rainfall Water availability in the root zone Fortnightly

Soil moisture (gravimetric
method)

4.  Crop data of cowpea Fresh biomass

Crop data of wheat
yield

Water retention; water availability

Plant population; fertile tillers; straw yield; and grain

Before wheat sowing
After 2 months of sowing; 4 months
of sowing; at harvesting

After harvesting

Once in season after germination and
after harvesting wheat crop

actual dates of cowpea growth, its incorporation & de-
composition, and wheat growth for each year and accor-
dingly the monthly effective rainfall values are presented
in Table 2.

Soil samples were collected down to the depths 0-15
cm and 15-30 cm from various random locations in the
experimental field. Then, composite soil samples were
prepared before execution of the experiment to study the
physio-chemical characteristics of experimental field
which are presented in Table 3. The soil samples were
air dried and sieved prior to analysis. Particle size dis-
tribution (Bouyoucos, 1962), soil pH (McLean, 1982),
ECe (USDA, 1954), organic matter (Walkley, 1947),

available phosphorus (Olsen & Sommers, 1982) and ex-
tractable potassium (USDA, 1954) were analyzed.
Experiment was laid in a randomized comple-
te block design with four replications and three treat-
ments: T1 = control (conventional farmer’s practice),
T2 = cowpea sown after conventional tillage practi-
ces and incorporated in the soil to act as “green manu-
re”, and T3 = cowpea sown with no-tillage, cut with
sickle and spread to use as “mulch with no-till”. The size
of each experimental plot was 19 m x 25 m. The con-
ventional farmer’s practice comprises one tillage with
moldboard plow followed by repeated tillage with culti-
vator, then wheat seed is sown without mulch and GM.

Table 2. Growing cycles of cowpea and wheat along with effective rainfall, mean temperature and mean humidity.

Jul  Aug Sep Oct Nov Dec Jan Feb Mar Apr Total rainfall (mm)
o Wheat period T T
I ]

2 2014-15 78.0 152.0 141.0 75.0 00 0.0 6.0 21.0 203.0 112.0 230.0 216.0 342.0
§ 2015-16 150.0 72.0 77.0 43.0 00 0.0 190 380 60.0 29.0 222.0 120.0 146.0
E 2016-17 269.0 63.0 95.0 0.0 00 0.0 340 250 6.0 85.0 332.0 95.0 150.0
& 2017-18 226.0 161.0 18.0 0.0 140 180 00 18.0 320 780 387.0 18.0 160.0
g 2014-15 232 228 203 14.9 75 22 22 53 8.8 14.9

f: _ 2015-16 236 225 213 14.5 86 45 23 44 107 137

g < 2016-17 24.0 240 205 15.9 81 35 4.0 5.8 9.4 154

S

p 2017-18 23.6 246 21.6 14.2 76 23 0.9 5.1 114 158

g* 2014-15 336 322 327 300 299 199 169 180 199 292

ﬂg o 2015-16 353 344 35.1 33.0 261 232 173 222 241 323

g = 2016-17 34.0 344 344 331 241 206 154 21.0 257 315

S

> 2017-18 345 353 344 298 246 246 198 214 275 307

z 2014-15 753 804 735 539 647 664 728 71.0 775 73.0

T§ @ 2015-16 724 715 66.2 588 60.7 672 838 729 765 59.0

g = 2016-17 73.6 73.6 632 540 77.0 815 86.0 682 62.0 47.1

ﬁ 2017-18 69.0 714 63.8 584 60.7 728 651 639 61.7 53.0
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Table 3. Soil characteristics of the experimental field.

Characteristics Depth (cm) Value
pH 0-15 7.87
15-30 7.78
ECe (dS/m) 0-15 0.48
15-30 0.50
Organic matter (%) 0-15 0.53
15-30 0.48
Available P (mg/kg) 0-15 4.80
15-30 3.30
Extractable K (mg/kg) 0-15 88.00
15-30 80.00
Textural class 0-15 Sandy loam
15-30 Sandy loam

Wheat variety 'Chakwal-50' and cowpea variety
'Rawan-2003' were used in the current experiment.
Cowpea was sown between last week of June and 1%
week of July, using seed at rate of 60 kg/ha under treat-
ments T2 & T3. Under treatment T2, cowpea was crushed
and incorporated into the soil with rotavator to act as “GM”
during the last week of August, when cowpea attained the
maximum biomass (i.e., about 60 days after sowing). Un-
der treatment T3 the cowpea was reaped with sickle and
spread on the soil surface to act as a “mulch”. Biomass of
cowpea was recorded at humidity levels of 80.4%, 71.5%,
73.6% and 71.4% during 2014, 2015, 2016, and 2017, res-
pectively. Observations were recorded (thrice from each
treatment with four replications) on fresh biomass produc-
tion of cowpea at the time of incorporation and spreading
as mulch. After the above activity, wheat (Triticum aestivum
L.) seed pre-treated with 2 g/kg Topsin M was sown, using
125 kg/ha seed with row spacing of 22.5 cm between last

30

week of October and first week of November under all three
treatments. Mineral fertilizers were applied at 120-80-60
kg N-P,0;-K,O per hectare at the time of sowing as a ba-
sal dose and other agronomic practices were kept uniform
in all treatments. On maturity wheat crop was harvested by
manual reaping with sickle and threshing with mini thresher.
All the pre-defined variables were recorded using standard
procedures. Economic analysis of the experiment in ter-
ms of benefit-cost ratio (BCR) was carried out to study the
net return from farmer’s perspective. All costs involved in
carrying out the experiment and returns obtained from all of
three treatments were recorded. The variable costs compri-
sed the cost of tillage, cost of cowpea and wheat seed, labo-
rer’s cost, cost of fertilizers, cost of weedicides etc. Prevai-
ling market rates of wheat grains and its straw (bhoosa) were
collected from local markets.

Results and discussion
Rain harvesting during cowpea growing period

Agriculture in Pothwar area mostly depends on rain-
fall, which is quite erratic with large temporal variations
(Table 2). Monthly effective rainfall, actually available
to crop and fresh biomass production of cowpea from
both treatments (i.e, cowpea sown in tilled soil to be used
as GM and cowpea sown without tillage to be used as
mulch) were estimated (Fig. 1).

It was observed that biomass production of cowpea
depends on effective rainfall as well as soil tillage. Figu-
re 1 shows that there were less fresh biomass of cowpea
under T3 (cowpea sown with no till practice) than under
T2 (cowpea sown after conventional tillage) with the
same amount of rainfall. Analysis of data revealed that
biomass production under T2 and T3 was 15.20 t/ha and
13.72 t/ha, respectively, corresponding to the minimum

® Biomass under tilled soil

Biomass under no till

25

20

15

Cowpea biomass, tons/ha

2014
Figure 1. Biomass production of cowpea during the study period

2015
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effective rainfall of 222 mm during cowpea growth period
2015. Nevertheless, the maximum effective rainfall (387
mm) of cowpea growth period was observed in 2017 with
biomass production of 25.69 t/ha and 24.21 t/ha under
T2 and T3, respectively. It means biomass production of
cowpea is highly dependent on rainfall during its growing
season. Data of rainfall and biomass production revealed
that biomass production under tilled land was 7% more as
compared to no tilled land, which shows the vital role of
tillage in rainwater harvesting for soil moisture storage.
A similar trend of biomass production in relation to pre-
cipitation was also observed by Yan et al. (2015), which
confirms the above results.

Rainwater harvesting and soil water availability
for wheat

Statistical analysis of data regarding available soil wa-
ter showed a variable trend. At sowing of wheat, available
soil water was 79, 80 and 78 mm/m under T2 and 76, 80
and 50 mm/m under T3, while in control it was 75, 80
and 75 mm/m during 2014-15, 2015-16 and 2016-17, res-
pectively (Table 4). However, exceptional values of soil
moisture were observed during 2017-18 (Table 5), which
will separately be dealt with.

During the first two years of study, soil water was sta-
tistically at par among the treatments, while in 3* year the
trend was a bit different. It was observed that T3 statis-
tically conserved less moisture (50 mm/m) as compared

Table 4. Soil water availability at various time intervals.

to green manuring (78 mm/m) and control (75 mm/m).
Available mean soil water was maximum (79 mm/m) in
green manuring treatment followed by control (77 mm/m)
but the results were statistically non-significant and both
treatments significantly improved available soil moisture
as compared to mulching (69 mm/m). Green manuring
of cowpea improved soil moisture retention and availa-
bility during the entire wheat growing periods. Table 4
also shows estimations of soil water availability during
the wheat growing period at intervals of 2 months and 4
months after sowing as well as at harvesting. Although
the soil water availability after 2 months of sowing and at
harvesting was lower compared to that at sowing and after
4 months of sowing, this phenomenon is explained by the
occurrence of rainfall during February and March. Sultani
et al. (2007) and Sajjad et al. (2018) have also reported
improvement in soil moisture by green manuring.

As explained above, the available soil moisture at all
three intervals in 2017-18 was comparatively lower than
that of other years (Table 5). This happened due to qui-
te low rainfall during decomposition of GM compared to
other years and available soil water was consumed for de-
composition of biomass, thus less soil water was availa-
ble. Rainfall occurred during March-April was eventually
consumed by the thirsty crop. It is therefore concluded
that rainfall occurrence from the start of decomposition
period to one month after sowing plays vital role in soil
water availability at various stages. Salahin et al. (2013)
also reported that different GM crops improve soil mois-
ture contents.

2014-15 2015-16 2016-17 Mean 2014-15 2015-16 2016-17 Mean
Treatments Available water (mm/m) at sowing Available water (mm/m) after 60 days
T1 75a 80 a 75a 77 A 56 ab 28 de 40 cd 41 B
T2 79 a 80 a 78 a 79 A 67 a 46 be 45 be 53A
T3 76 a 80 a 50b 69 B 57 ab 45 be 23 e 42 B
Mean 77 A 80 A 67B - 60 A 39B 36 B -
Critical value for comparison: Critical value for comparison:
Treatment & Year = 3.600, Treatment & Year = 6.55,
Interaction = 8.48 Interaction = 15.444
Available water (mm/m) after 120 days Available water (mm/m) at harvesting
T1 80 a 80 a 57c¢ 72 B 52 ab 23d 33 cd 36 AB
T2 80 a 80 a 67b 76 A 56a 26d 40 be 41 A
T3 80 a 80 a 48d 69 C 54a 26d 24 d 35B
Mean 80 A 80 A 57B - 54 A 25C 32B -

Critical value for comparison:
Treatment & Year =2.41,
Interaction = 5.68

Critical value for comparison:
Treatment & Year= 6.034,
Interaction = 14.221

Lowercase letters indicate significant differences among the values of interaction between treatments and years and different uppercase
letter indicate significant differences between mean values of each column and row
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Table 5. Effect of green manuring and mulching on available soil water (2017-18).

Available water (mm/m)

Treatments

At sowing After 02 months  After 04 months At harvesting
Tl 46 a 69a 32a 73 a
T2 12¢ 59a 26 a 75 a
T3 22b 45b 28a 77a

Critical value for comparison: sowing = 6.048, 02 months =

harvesting = 9.0596

Hence, the results revealed that available soil water
can be linked with amount of effective rainfall and its dis-
tribution as well as the tillage practice. This phenomenon
is in confirmation of Mosavi et al. (2012), who described
that GM application has significant effects on water infil-
tration rate and available soil moisture. Rainwater harves-
ting and its in-situ conservation to be available for plants
greatly depend upon the amount and temporal distribution
of rainfall. Although the uniform temporal distribution of
rainfall over the crop season plays a vital role, rainfall
during decomposition (transition) period is the most im-
portant and effective for moisture availability when green
manuring is applied. To study this effect, temporal distri-
bution of rainfall was also noted by recording the quanti-
ties of rainfall per event and number of dry days between
two events. Dry spells of each year are depicted in Fig.
2 and their effect can be seen in soil water availability as
given in Table 4, which shows that soil water availabili-
ty was the lowest in 2016-17 due to longest dry spell of
114 days and in 2017-18 due to comparative low rainfall
(18 mm). This leads to the finding that GM may affect
the soil moisture adversely if rainfall is low during de-
composition period (Table 2). GM application in rotation
with spring wheat requires more intensive management
techniques than traditional fallow wheat system in rainfed
conditions, as reported by Pikul et al. (1997) who further

@ Rainfall cowpea period
= Rainfall wheat period
® Moisture at 2 months

e dry sepll, days

12.701, 04 months = 8.9581,

found that leguminous GM crops consumed more soil wa-
ter, remaining thus the wheat yield unstable.

Effect of harvested rainwater on wheat crop
production

Plant population

Plant population of wheat crop per square meter was
recorded each year for each treatment as given in Table
6 and was studied in relation to rainwater harvested and
store in the root-zone as soil water considering given
treatments and rainfall distribution. Results showed that
plant population is directly proportional to available soil
water at sowing time and rainfall pattern, especially ra-
infall occurrence during cowpea decomposition. Among
the three years, higher plant population of wheat was
observed under T2 than under T3. The lowest plant
population amongst the years and amongst the treat-
ments was observed during 2016-17. On one hand,
plant population increases with rainfall and subse-
quently soil water availability; on the other hand, it
endorses the role of cowpea and tillage in rainwater
conservation when used as GM, thus ultimately gives
more plant population. These results verify the findings

m Rainfall transition period
® Moisture at sowing
® Moisture at 4 months

2014-15 2015-16 2016-17 2017-18
: — 200

100 ~ |
£ 150%a
% 200 | T4 E
= ° o
2 300 100 2
s (i 69 2
=4 ° 65 %

400 ° E

50 2
500
600 0

Figure 2. Effective rainfall during cowpea growing period vs. biomass production
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Table 6. Effect of green manuring and mulching on various yield attributes of wheat.

2014-15 2015-16 2016-17 Mean 2014-15 2015-16 2016-17 Mean

Treatments

Plant population/m? Fertile tillers/m?
T1 207 ab 218 ab 105d 178 A 324b 405 a 193 ¢ 307 A
T2 224 ab 230 a 109d 186 A 333 b 424 a 195¢ 317A
T3 199 be 175¢ 94d 156 B 327b 350b 131d 269 B
Mean 210A 208 A 103 B Mean 328 B 393 A 173 C -

Critical value for comparison: Critical value for comparison:
Treatment =10.61, Year = 10.610, Treatment =15.59, Year = 15.59,
Interaction = 25.006 Interaction =36.74
Wheat straw yield (kg/ha) Wheat grain yield (kg/ha)

T1 6116 be 6387 be 5677 ¢ 6060 B 3480 ab 3672 a 2789 ¢ 3314B
T2 7686 a 6609 abc 5691 c 6662 A 4068 a 4072 a 2890 be 3677 A
T3 7051 ab 5532c¢ 3588 ¢ 5390 C 3835a 3064 be 1904 d 2934 C
Mean 6951 A 6176 B 4985 C 3794 A 3603 A 2528 B

Critical value for comparison:
Treatment = 518.03, Year = 518.03
Interaction = 1220.9

Critical value for comparison:
Treatment = 254.87, Year = 254.87,
Interaction = 600.68

Lowercase letters indicate significant differences among the values of interaction between treatments and years. Uppercase letters indicate

differences between mean values of each column and row

of Podolsky (2013) who reported that the plant density
of wheat was significantly affected by GM application.
Similarly, Sajjad et al. (2018) observed a 4% increase
in the plant population after the application of cowpea
green manuring.

Productive tillers

Productive tillers of wheat crop showed significant va-
riation among years and small variation among treatments
(Table 6). It was observed that maximum number of fertile
tillers were observed during the year 2015-16 under T2, whe-
rein rainfall was well distributed during wheat season with
least dry spell during decomposition period; T3 produced
significantly lower number of productive tillers (131) during
2016-17 when longest dry spell was observed. However,
cowpea incorporation slightly (3.3%) increased the number
of productive tillers, which confirms the results of Khan et
al. (1996). Hoque et al. (2016) reported that Sesbania acu-
leata green manuring increased the number of effective
tillers up to 7.5%. Similarly, Sajjad et al. (2018) also reported
an increase of 7% in productive tillers by applying GM.

Straw yield
Data on straw yield revealed significant variations
during the first 3 years (Table 6). More straw yield was

observed in cowpea incorporation as GM during all three
years with the highest value (7686 kg/ha) in 2014-15.

Spanish Journal of Agricultural Research

Green manuring of cowpea improved straw yield as com-
pared to control and mulching with no-till. It was observed
that straw yield was largely affected by available moisture
at sowing as well as during 3 and 4™ months. These re-
sults are in line with findings of Sultani et al. (2004) who
observed an increase of 16% in total wheat biomass by
using S. aculeata as GM. Above results also confirm the
findings of Zhang et al. (2013), who reported that incor-
poration of leguminous GMs enables the soil to harvest
the rain water and increases soil water use efficiency in
dry land system. Sajjad et al. (2018), reported an increase
of 14% in biomass production of wheat by using GMs.

Grain yield

It was observed that T2 produced higher grain yield to
the tune (17%, 11% and 4% during 2014-15, 2015-16 and
2016-17, respectively) as compared to control (Table 6).
T3 resulted in 10% higher yield during the year 2014-15
(3835 kg/ha) as compared to control (3480 kg/ha). Howe-
ver, T3 resulted in yield reduction of 17%, 32% and 23%
respect to control during 2015-16, 2016-17 and 2017-18,
respectively. It means tillage is also an important factor in
conserving the moisture as was also indicated by Kova¢
et al. (2005), who reported that tillage with moldboard
plough resulted in more soil moisture content than redu-
ced till, mulch till and no-till treatments. Thus, T2 is a
better option for enhancing wheat productivity and ensu-
ring soil health in rainfed conditions of Pothwar plateau
as compared to fallow-wheat (T1) and cowpea mulching
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with no- till (T3). Results of current study confirms the fin-
dings of Yadav et al. (2003), who reported a similar trend
of improved crop growth and yield by GM application.
GMs from leguminous crops improve crop yield through
improvement in soil conditions and nutrient status (Shah
et al.,2011). Hoque ef al. (2016) reported that application
of GM significantly increases the yield of wheat. Bai ez al.
(2017) and Sajjad et al. (2018) reported an improved crop
growth and yield by GM application. The average maize
grain yield was 22% higher as compared to the control
when GM was applied (Yang et al., 2018).

Exceptional results

Analysis of data on various crop yield attributes for the
last year (2017-18) showed quite contrary results as com-
pared to first three years (Table 7). It was observed that
crop yield attributes i.e., plant population (105 plants/m?),
productive tillers (179 tillers/m?), straw yield (2880 kg/ha)
and grain yield (1563 kg/ha) under green manuring were
the least among all three treatments during the last year.

These exceptional results of green manuring were
due to very low rainfall during the decomposition of
cowpea and during the first 2 months, thus the existing
soil moisture was consumed for decomposition of green
biomass during decomposition period. Since there was
very low rainfall (18 mm), soil moisture was very low
at the time of wheat sowing and no further rainfall was
received, this resulted in very low soil moisture and thus
in a poor wheat crop. This finding leads to the fact that
green manuring is only beneficial if rainfall occurs du-
ring decomposition period, otherwise negative results
are expected. So, the forecast of next three months at the
time of sowing of leguminous crops for GM must be used
for decision-making. Therefore, climatic factors need to
be carefully observed for evaluating the effects of green
manuring on crop productivity. Some negative results
have also been earlier reported by Pikul ef al. (1997).
He reported 25% reduction in wheat yield with GM
application as it consumed more soil water and unstable
wheat production. Hence, soil water use efficiency under
GM applications in comparison with fellow cropping
system, particularly in rainfed parts of the world, must
be carefully evaluated.

Cost and return analysis

Total costs, returns along with net returns are depicted
in Fig. 3. The cost of treatments slightly varied during four
years of experimentation, while return varied a lot. Du-
ring the first two years the highest return of all treatments
were those from T2, but in the third year return from all
treatments reduced due to moisture shortage. During the
4% year net return was negative from T2 treatment due to
the reason above described. The overall data revealed that
incorporation of cowpea as GM gave higher net profit in
wheat production than T3 and control (without cowpea)
treatments. Green manuring of cowpea increased the net
profitability up to 13%, provided that rainfall occurs in
time, while in case of T3 the profitability was reduced to
24% as compared to control (Fig. 4).

Fig. 4 shows that BCR of all treatments was >1,
except T2 during 2017-18. It means all treatments are
feasible and T2 is the most profitable treatment (with
BCR=1.8) which conserves moisture as well as impro-
ves the soil health by providing organic matter and ad-
ditional N with exception mentioned above. The results
also highlighted the potential of rainfed agriculture of
Pothwar. Kumar et al. (2011) found that GM application
resulted in higher BCR and net return through increased
productivity and less labor expenses. Similarly, Fabun-
mi et al. (2012) reported 78% higher returns from mai-
ze crop through cowpea GM. Hirpa (2013) observed an
increased dry matter and grain yield in the subsequent
maize crop and highest net benefits with the incorpo-
ration of cowpea. Above findings are also in line with
Mooleki et al. (2016), who concluded that GM is practi-
cable and viable as compared to summer fallowing. Fer-
tilizer use can be reduced 15-30% of recommended dose
through GM treatment (Yang et al., 2018).

Conclusions

It is concluded that cowpea incorporation has the
potential to harvest rainfall, conserve soil moisture and
improve soil health, ultimately increasing the wheat
productivity in rainfed conditions. Mulching of cowpea
with no tillage is not a sustainable option to enhance
wheat productivity as negative trends were observed.

Table 7. Effect of green manuring and mulching on wheat yield attributes (2017-18).

Treatments Grain yield Straw yield Plant Fertile
(kg/ha) (kg/ha) population/m? tillers/m?

T1 2404 a 4294 a 110a 204 a

T2 1563 ¢ 2880 b 105 a 179 b

T3 1849 b 3328Db 108 a 186 b

Critical value for comparison: grain =239.08, straw = 471.37, plant population = 6.6263, tillers = 11.437
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Figure 4. Net return and benefit-cost ratio (BCR) of all treatments

However, wheat productivity by green manuring and
mulching largely depends on rainfall distribution/pattern
and hence available soil water. The experimental results
highlight that rainfall pattern and distribution during the
growth period and critical stages are more reliable in-
dicators, as soil water availability is essentially needed
during entire growth period. GM of cowpea seems to
be useful and effective for growth and development of
succeeding wheat crop, provided appropriate rainfall is
received. Furthermore, exceptional trends revealed that
GM would not perform better as compared to control
and mulch with no-till if prolonged dry periods prevail.
Hence, it is concluded that climate change is a key factor
affecting wheat crop productivity under semi-arid condi-
tions of Pothwar plateau.

Considering the above findings, especially the excep-
tional results obtained during 2017-18, it is suggested that
cowpea should be used as green manure for longer pe-
riods and results should be investigated for sustainability
of agricultural system in rainfed conditions. In addition to
this, mulch with till may be studied in different agro-eco-

Spanish Journal of Agricultural Research

logical zones in future for establishing a comprehensive
understanding of green manuring and mulching. Climatic
and environmental effects on wheat productivity must be
further investigated.
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