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Abstract 

 

Major nutrient fluxes in urban and peri-urban agriculture (UPA) under semi-arid conditions in north-west of Pakistan 

are not fully known. To envisage it, a field study was carried out in Faisalabad, Pakistan. Three fertilizers treatments (an 

unfertilized Control, F0; farm yard manure, FYM (F1) at 14.2 t dry matter (DM) ha-1 containing 108 kg Nitrogen (N), 27kg 

Phosphorus (P) and a mineral fertilizer treatment (F2) containing the same amount of N and P as in F1 were established 

during 2011-12. Fertilizer treatments were factorally combined with two irrigation levels i.e. RI; recommended irrigation 

when irrigation was applied weekly and HRI; half than recommended irrigation where irrigation was applied fortnightly. 

Subplots randomized within each main plot were assigned to either of the two vegetable species pea (Pisum sativum L.), 

cauliflower (Brassica oleracea L.). Highest crop dry matter yields (p>0.05) were recorded for pea (12 t ha-1) under F2 and 

lowest for cauliflower in RI (6.2 t ha-1) under F1 treatment, respectively. Dry matter yields of both crops were reduced to 11-

18% by reducing applying half of the HRI presumably due to water stress. Contrarily, water use efficiencies of both crops 

were significantly (32-36%) higher under HRI treatment than under RI. Apparent nutrient use efficiencies for C, N, P and K 

varied widely ranged from 27- 34%. However partial nutrient balances of major nutrients specially for K, remained 

negative. These results indicate large K mining in the soil which required proper balancing. 
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Introduction 

 

Despite its vast arid and semi-arid zones Pakistan’s 

agriculture contributes 21% to the GDP of the country 

and employs a major part (45%) of labor force. About 

25% of the country’s total surface of 796,000 km2 belongs 

to the largely irrigated Indus Plain and the Punjab 

(Government of Pakistan, 2002). Available water totals 

164920 Mio m3 which 95% is utilized for irrigation, 

contributing 80% to the agricultural outputs (Lipton et al., 

2003; Government of Pakistan, 2002a, 2010). Vegetable 

production is a common practice for most of the 

households that are related to farming in urban and peri-

urban agriculture (UPA) systems because UPA is a major 

food provider to the cities, especially in the developing 

world (Eriksen-Hamel & Danso, 2010). The short 

duration of vegetable cultivation makes it an attractive 

enterprise for smallholders who are can sell their products 

on spot thereby saving processing and transportation cost. 

High profits per unit area of UPA encourage growers to 

invest even with high cost of water and nutrient inputs. To 

meet the increasing water demands due to insufficient 

canal water (Malik, 1994; Palada et al., 2006), over a 

large amount of tube wells has been installed during the 

past three decades resulting in widespread accumulation 

of salts in agricultural lands (Sharif, 2011). The use of 

organic and inorganic fertilizers to enrich soil with 

nutrients remained common among growers. In UPA 

systems, availability of manure from intensive livestock 

systems has decreased the dependency of synthetic 

fertilizers (Zhao, et al., 2016). In this scenario, 

determination of nutrient-use efficiencies in UPA systems 

may be very helpful to formulate policies for 

environmentally safe food production (Oborn et al., 2003; 

Safi et al., 2011). In an effort to contribute to more 

informed management decisions in UPA of Faisalabad, a 

major city in Pakistan’s Punjab, the present study was 

conducted to investigate the effects of different soil 

amendments and irrigation levels on the dry matter yields 

and partial nutrient balances of representative vegetables. 

The key reason of focusing on Pea and Cauliflower in 

current study is the socio-economic factors of local 

farmers who prefer to grow pea and cauliflower for 

getting high profit during winter (Rehman et al., 2013). 

 

Materials and Methods 

 

Site description: The controlled experiment was 

conducted on the research farm of the University of 

Agriculture, Faisalabad in two consecutive growing 

seasons of 2010 and 2011. The site is located at 

31°26’29’’ N, 73°04’34’’E and an elevation of 182 m asl, 

characterized by an arid subtropical climate. The 

monsoon-driven, unimodally distributed mean annual 

rainfall is 407 mm with daily mean temperatures ranging 

from 37°C to 24°C (maximum and minimum) in summer 

and 25°C to 10°C (maximum and minimum) in winter 

(Fig. 1) (Cheema et al., 2006). The soil has been 

characterized as aridisol (Chaudhry et al., 2003) derived 

from alluvial river deposits of silt loamy texture. Fresh 

irrigation water was applied from canals.  

 

Experimental design: The experiment was carried out as a 

split plot design. Main plots consisted of a randomized 

factorial with three rates of fertilization (unfertilized control, 

F0; farmyard manure FYM at 14.2 kg DM ha-1, F1; and 

mineral fertilizer F2 applied at 108 kg ha-1 N and 27 kg P ha-

1, rates equivalent to the total N and P content contained in 
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the manure. The amount of K from mineral fertilizer was not 

applied as soil fertility reports indicated its rich content in the 

soil. These were combined with two irrigation intervals: a 

recommended irrigation interval of two weeks in winter and 

one week in summer; and half the recommended interval. 

The 3 x 2 (fertilizer and irrigation treatments) main plot 

treatments were replicated four times yielding a total of 24 

plots of 51.90 m2 each divided into four equal subplots of 

11.74 m2 of which two were used for forages (Ul-Allah et 

al., 2014 & 2015) and the remaining two for vegetables. 

Only the latter are of relevance for this study. The two plots 

were randomly assigned to the two winter vegetables peas 

and cauliflower, sown on 16th and 18th of October 2011and 

2012 respectively. The sowing of pea and cauliflower was 

done on ridges with plant to plant distance (PxP) 8 cm, and 

row to row distance (RxR) 20 cm. The amount of irrigation 

water was calculated with a cutthroat flume meter (Saddiqui 

et al., 1996) installed at the entry point of the field to monitor 

inflow and outflow. Subplots consisted of two flat ridges of 

60 cm top width and three furrows 40cm wide and 12 cm 

deep. At harvest an area of 1 m2 having plant density 2.5, 24 

for cauliflower, pea respectively, was used to determine 

above ground fresh weight of the respective vegetable out of 

which 300 g was taken after oven drying at 60°C for 72 

hours to constant weight for DM assessment. Plots were 

weeded as necessary. 
 

 
 

Fig. 1. Monthly average temperature and rainfall in 2010-11 and 

2011-12 in Faisalabad, Pakistan. 
 

Soil, manure, water and plant sampling: Before 

planting and at harvest of each season, five subsamples of 

soil were randomly taken at 0-20cm and 20-40cm from 

each plot using an auger. The samples were pooled for 

each plot air-dried before grinding, passed through a 2-

mm mesh sieve and stored until analysis. To determine 

soil moisture content, separate samples were collected 

with a 7cm x 7cm auger below 60 cm the soil surface and 

soil moisture contents were measure. Subsamples of dried 

plant components were ground with a grinding mill (T-

Tecator Cyclotec 1093, Höganäs, Sweden) to a size of 1 

mm, and stored in sealed polyethylene bags. All plant 

samples were subjected to NIRS and reference samples 

were selected according to the Biewer et al., (2009) and 

Ul-Allah et al., (2014). Reference samples were analyzed 

in the laboratory as described in next paragraph. In 2011 

the number of reference samples differed between 

experimental years with n = 46 for 2011 and n = 80 for 

2012 due to a greater spectral heterogeneity in the second 

year. Furthermore, annual spectral data sets were not 

congruent between years. Hence, two independent 

calibrations were established. 

Five sub-samples of manure were also sampled from 

the manure heap with a soil sampler at the depth of about 

0.5 m depth, dried at room temperature followed by in 

oven at 60°C and ground with a grinding mill (Model 

MM 301, Retsch GmbH, Haan, Germany). 

For analyses of irrigation water, samples from each 

site with a frequency of three times per month. Rainwater 

was sampled (100mL) during each significant 

precipitation event during the experiment and was pooled 

before analyses. One drop of concentrated (32%) HCl was 

mixed to each sample before storage to avoid any 

chemical degradation. 

 

Chemical analysis: All collected soil samples were 

analyzed for bulk density, pH, cation exchange capacity 

(CEC), organic carbon (OC), exchangeable K, available P 

and total N. Soil pH was measured with a pH meter 

Ohaus, USA in a 2.5:1 water soil suspension. Total OC 

was measure following the method of Walkley and Black. 

The CEC was determined after sample extraction with 

ammonium acetate at pH 7. Total N was measured by 

Kjeldahl Method and available P by Olsen P method. 

Exchangeable K was measured by flame photometry. 

For those reference samples for which wet analysis 

needed to be performed total N was calculated using a 

LECO FP-328 (Leco Corp., St. Joseph, MI, USA) and OC 

as elaborated by Close & Menke (1986). OC content were 

multiplied with a factor of 1.724 to calculate the organic 

matter contents. All plant samples were burned at 550°C 

to get ash, dissolved in HCl, and analyzed for K by flame 

photometry and P by spectrophotometry. 

HCl-insoluble ash method was used to determine the 

adherent sand particles in manure. Total harvested dry 

matter was multiplied by a factor of 1.4 to calculate total 

photosynthetic derived C on the assumption that about 

30% of total assimilated C goes to root dry matter and net 

exudation (Kuzyakov & Domanski, 2002). Irrigation and 

rain water samples were subjected to N and P analyses 

using a Dimatec 100 automatic analyzer (Dimatec GmbH, 

Essen, Germany) and concentration of K and P were 

determind by spectrophotometry (Hitachi U-2000, Hitachi 

Ltd., Tokyo, Japan). 

 

Calculation of nutrient fluxes and apparent nutrient 

use efficiencies: Partial horizontal nutrients balances 

were determined for each plot based on the nutrient inputs 

(inorganic and organic fertilizer, rain water and irrigation 

water applied) and outputs (harvested crop biomass) per 

hectare. Nutrient fluxes were calculated according to 

following equation (EQ. 1; Khai et al., 2007). 
 

F = ∑ QiCi𝑛
𝑖=1          (1) 

 

where F is the total amount of element flow (input or 

output) during measurement period, n is the number of 

events (rain, irrigation and fertilizer application, and crop 

harvest), Qi is the plant dry matter measured at event i, 

and Ci is the elemental concentration in the plant dry 

matter measured at event i. 
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The element-balance equation is expressed as for any 

system: 
 

∆PE = IE – OE         (2) 
 

where ∆PE, OE and IE, stand for each change in the pool, 

the output and the input of element E respectively (Khai et 

al., 2007).  
 

With the application of Eq. 2 the input flows for C, 

N, P, and K were calculated for fertilizer (FE), irrigation 

water (IWE), and rainwater (RWE). The output flows were 

computed from the harvested DM of the crop (HE). If ∆PE 

is the net change in the soil storage of element E (∆SoilE), 

Eq. 2 can be rewritten as:  
 

∆SoilE = FE + IWE + RWE – HE     (3) 
 

In the study runoff on well leveled field, atmospheric 

deposition by dust and smoke, N2 fixation in symbiotic 

and non-symbiotic crops that may range from 2 to 5 kg N 

ha-1 y-1 (Roy et al., 2003) and the likely large 

volatilization of C and N were neglected during the study 

period. All calculations were made for each growing 

seasons from planting to harvest. 

Apparent use efficiencies for C, N, P, and K were 

accessed according to Wang et al., 2008, as: 
 

𝑈𝐸 =
∑𝑂

∑𝐼
𝑋100′           (4) 

 

where UE stands for apparent nutrient –use efficiency, O 

denotes the nutrient output and I denotes nutrient inputs. 

Water use efficiency (WUE) was calculated according to 

Hussein et al., (2011) as:  
 

WUE=
Y

I
          (5) 

 

where ‘Y’ stands for dry matter yield (DM) in kg while 

‘I’ denotes for irrigation water applied in m3. 

 

Statistical analysis 
 

All collected data for nutrient inputs, outputs, and 
horizontal fluxes of total N, OC, plant available K and P 
data were analyzed for analyses of variance using software 
package MSTAT-C (Russell, 1994), considering the 
treatments arranged in a split-plot design. Tukey test was 
used to compare the means of significant treatment/ 
variables. 

 

Results 

 

Soil nutrient status: The soil of experimental site was 

slightly alkaline, non-sodic and silt loam in texture with 

an electrical conductivity (EC) of 0.56 mS/m of 0.62 % 

respectively (Table 1). After two years the concentration 

of C was higher in F1 and F2 than in F0, whereas N 

remained almost unchanged in F1, but was lower in F0 and 

F2. Phosphorus and K concentration decreased in F0, F1 

and F2 except for K which increased in F1. pH and bulk 

density slightly increased in F0 and F2 while they 

decreased in F1 (Table 1). 

Nutrient inputs: During the 2-year study, average 
seasonal amounts of irrigation water applied for each 
winter crop were 3,429 m3 for RI and 1,905 m3 ha-1 for 
HRI respectively. These contained 44 kg N ha-1, 10 kg ha-

1each of P and K for RI and half of this amount was 
applied in HRI treatments.  

The 14.2 t FYM ha-1 applied to each crop per season 
in F1 added a total of 6,000 kg C ha-1, 108 kg N ha-1, 27 
kg P ha-1 and 88 kg K ha-1. In F2, application of 131 kg 
Di-Ammonium Phosphate (DAP) and 183 kg Urea ha-1 
added on the average 108 kg ha-1 N, and 27 kg ha-1 for 
each crop throughout the study period. On a biennial 
average, the photosynthetic and FYM oriented carbon 
addition was 4 to 12 t ha-1 in both crops.  
 

Horizontal balances: Partial C balances were positive in 
all treatments and with both irrigations. The lowest and 
highest surpluses were 0.6 t C ha-1 for F0 and 9.6 t C ha-1 
for F1 with HRI. In the first year of study (2010), total C 
surpluses were 9 t, 2.9 t and 2.6 t while in the second year 
(2011) they amounted to 7.1 t, 1.4 t and 0.9 t for F0, F1 
and F2 in RI, respectively. For both years, cumulative 
cauliflower partial N balances were negative in all 
treatments ranging from -54 kg N ha-1 to -141 kg N ha-1 
(p<0.05). Averaged across treatments and crops 
cumulative cauliflower P balances were negative for F0 (-
15 kg P ha-1), but positive for F1 (9.3 kg P ha-1) and F2 
(1.2 kg P ha-1) over the two years of study period. For K 
throughout the study period deficits ranged from -421 kg 
ha-1 for F2 to -176 kg ha-1 for F1 with RI (Fig. 2). 

For pea as a whole, C balances were positive for all 
treatments and both years with the highest surplus of 8 t C 
ha-1 in F1 under RI, whereas the lowest surplus of 1 t C ha-

1 was recorded in F0 under HRI. Nitrogen balances were 
negative for all treatments and seasons. Phosphorus 
deficits amounted to -23 kg ha-1 in F0 and -9 kg ha-1 in F1 
for RI and to -20 kg ha-1 and -13 kg ha-1 in HRI while -9 
kg P ha-1 and -13 kg P ha-1 were observed in F2. For K, 
deficits were high in all treatments (Fig. 3). 
 

Apparent use efficiencies of N, P and K: Over the 2 years 
of the study, apparent use efficiencies for C, N, P and 
(exchangeable) K varied widely range from 27% to 34% 
largely reflecting the amount of inputs applied during the 
study period. Efficiencies were highest (p< 0.05) in pea 
with F0 in HRI for N (800%), P (441%) and K (38%), and 
remained lowest in cauliflower for N (1.3%), P (78%) and 
K (780%). Across crops, average NUE ranged from 292% 
for F0, 122% for F1 and 126% for F2 in RI. For PUE it 
amounted to 165%, 66% and 39% and for KUE to 1505%, 
252%, 2054% for F0, F1 and F2, respectively.  
 

Crop yields and nutrient export (removal): Dry matter 
yields differed widely between the selected crops. Highest 
yields (p> 0.05) were recorded for pea (12 t ha-1) and 
remained lowest ones for cauliflower in RI (6.2 t ha-1); these 
values were reduced by 11% and 18% for HRI (Fig. 4). 
Water stress reduced average yield in all crops by 17% for 
F0, 9% for F1 and11% for F2. For cauliflower, average DM 
yield was the highest (p< 0.05) in F2 (9.5 t ha-1), followed by 
F1 (7.7 t ha-1) and F0 (6.3 ha-1) in RI, which was reduced by 
13% in F0, 6% in F1 and 15% in F2. For pea, average DM 
was highest in F1 (p < 0.5 %), (12 t ha-1) followed by F2 (11.8 
t ha-1) and F0 (8.4 t ha-1) in RI with corresponding yield 
reductions of 5%, 7% and 20% in HRI (Fig. 4).  
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Table 1. Average values of selected soil properties over the 24 months experimental period at the UAF  

experimental research farm (n = 6). 

Soil characteristics 

F0 F1 F2 

Period 

2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 

C (g kg-1) 7.25 (±0.26) 6.83 (±0.16) 7.67 (±0.09) 8.68 (±0.17) 7.82 (±0.13) 7.74 (±0.13) 

N (g kg kg-1) 0.39 (±0.02) 0.33 (±0.02) 0.42 (±0.01) 0.41 (±0.01) 0.38 (±0.01) 0.37 (±0.02) 

P (mg kg-1) 6.26 (±0.24) 5.89 (±0.23) 9.19 (±0.40) 8.08 (±0.54) 7.70 (±0.29) 7.69 (±0.34) 

K (mg kg-1) 144 (±5.94) 118 (±7.60) 194 (±9.96) 178 (±9.66) 167 (±10.7) 155 (±4.39) 

Bulk density (g cm-3) 1.33 (±0.00) 1.34 (±0.01) 1.31 (±0.01) 1.30 (±0.01) 1.33 (±0.01) 1.34 (±0.01) 

pH 8.23 (±0.03) 8.30 (±0.03) 8.05 (±0.04) 8.02 (±0.03) 8.19 (±0.03) 8.21 (±0.02) 

Numbers inside parentheses represent ± standard error (SE) of the mean 

 

Table 2. Average water use efficiency (WUE) values represented in kg DM m-3 over the 24 months experimental  

period at the UAF experimental research farm (n = 4). 

Crop Treatment 
Recommended irrigation (RI) Half of recommended irrigation (HRI) 

Year 2010-11 Year 2011-12 Year 2010-11 Year 2011-12 

  WUE SE WUE SE WUE SE WUE SE 

Cauliflower F0 1.88c (±0.04) 1.63b (±0.04) 3.41c (±0.05) 1.88b (±0.03) 

 F1 2.18b (±0.04) 2.13a (±0.03) 3.76b (±0.06) 3.31a (±0.07) 

 F2 2.74a (±0.06) 2.58a (±0.08) 4.69a (±0.05) 3.11a (±0.05) 

Pea F0 2.51b (±0.05) 2.21c (±0.02) 3.35b (±0.03) 3.18b (±0.02) 

 F1 3.14a (±0.02) 3.59a (±0.03) 5.61a (±0.05) 5.44a (±0.09) 

 F2 3.33a (±0.04) 3.29b (±0.03) 5.45a (±0.10) 5.20a (±0.14) 

Numbers inside parentheses represent ± standard error (SE) of the mean 

Superscripted small alphabets are statistically assigned, according significant differences among varying treatment levels 
 

 
 

Fig. 2. Partial balances for nitrogen (N), phosphorus (P) and 

potassium (K) in cauliflower production over a 24 months 

research period at the research station of University of 

Agriculture, Faisalabad, Pakistan. Data show means ± standard 

error, (n = 4). Capital letters indicate significant differences 

between fertilizer treatments and small letters significant inter-

annual differences using Tukey’s mean separation test at p< 0.05. 

 
 

Fig. 3. Partial balances for nitrogen (N), phosphorus (P) and 

potassium (K) in pea production over a 24 months research 

period at the research station of University of Agriculture, 

Faisalabad, Pakistan. Data show means ± standard error, (n = 4). 

Capital letters indicate significant differences between fertilizer 

treatments and small letters significant inter-annual differences 

using Tukey’s mean separation test at p< 0.05. 
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Fig. 4. Dry matter yields of cauliflower and pea during the 24 

months experimental period at the research station of University 

of Agriculture, Faisalabad, Pakistan. Data show means ± 

standard error, (n = 4). Capital letters indicate significant 

differences between fertilizer treatments and small letters 

significant inter-annual differences using Tukey’s mean 

separation test at p< 0.05. 

 
Water use efficiency: On biennial study, an average 
water use efficiency (WUE) for cauliflower was 1.8, 2.2 
and 2.7 kg DM m-3 with RI while 2.6, 3.5 and 4 kg DM 
m-3 with HRI for F0, F1 and F2 respectively. The highest 
WUE was recorded with HRI (5.5 kg DM m-3) for pea. 
Overall WUE with F0, F1, F2 treatments amounted to 32- 
36% higher with HRI than RI in all crops (Table 2). 
 

Discussion 

 
Soil nutrient status: Changes in soil bulk density and pH 
of similar magnitude than those determined in our study 
were previously reported by Ishaq et al., (2002) and 
Muhammad et al., (2008) for arable soils of Faisalabad. 
These authors attributed such changes to prolonged 
effects of tillage, fertilizer application and crop residue 
application. The decline in pH and bulk density seemed 
closely related to the application of organic carbon to the 
soil. Current soil OC and N losses occurred due soil 
moisture and OM loss coupled with high temperature-
related turnover (Kirschbaum, 2013) particularly in sandy 
soil (Russow et al., 2008). In a similar study, Predotova et 
al., (2010) reported that under irrigated UPA vegetable 
production gardens in semi-arid Niamey, Niger, the high 
temperatures coupled with low soil moisture probably 
reduced soil Corg.  

Under semiarid subtropical climate conditions, 

Mahmood et al., (1998) reported that N losses due to 

denitrification were higher in maize than in wheat season 

due to higher soil temperatures in sandy-clay loam. Under 

such extreme environmental conditions specially for sandy 

soils, the inorganic-N losses can be minimized by reducing 

the volume of waste applied per each irrigation turn or by 

plastic roofing over FYM heaps (Predotova et al., 2010).  
 

Nutrient removal: Nutrient use efficiencies varied across 

amendments, irrigation regimes and crops. Our data 

indicate that K depletion was highest in F2 with HRI and 

lowest for F1 with RI.  

The soil K status in the present study represents the 

exchangeable K, slightly changed from the beginning to 

the end of the study period indicating the possible 

differences in the effects of manure incorporation and the 

application of mineral (N, P) fertilizers. Similar to our 

results, Safi et al., (2011) also reported variations in K 

status due to FYM and city sewage wastes in soils of 

Kabul under UPA farming. Wang et al., (2008) also 

reported the imbalances in NPK in vegetable farming of 

two contrasting peri-urban areas, close to river delta of 

Yangtze in China where they found imbalances in N, P 

and particularly negative for K. According to Wang et al., 

(2008), nutrient imbalances particularly the negative K 

status could be due to the deteriorated soil quality that 

often may mislead the farmers to apply more N and P that 

in turn affects nutrient balance of soil (Wang et al., 2008). 

However, the apparent reason for negative K status in 

current study contrary to N&P is that no K fertilizer was 

applied as nutrient input throughout for current envisaged 

vegetables crops throughout the study period. Since 

cauliflower and pea are relatively high K requiring crops, 

consequently more K was removed from soil by the both 

crops without any replenishment in the form of nutrient 

input that consequently resulted in negative K balance. 

The notion behind not applying K fertilizer is that there is 

no trend of using K fertilizers in Pakistan since most 

agriculture is usually fed with canal water which is 

believed to sufficiently maintain the existing K status of 

soil (Ullah, et al., 2018; Zahoor, et al., 2017; Wakeel, 

2014). Furthermore, the Pakistani soils are of mica origin, 

especially the soils of current study site Faisalabad are 

developed from smectite (Akhtar & Dixon, 2013). The 

present negative K status in our study emphasizes a 

careful evaluation of existing nutrient status of soil 

updated recommendations particularly for K, enabling 

effective synchrony with crop’s nutrient demand.  
 

Partial nutrient balance: In the current study, annual 

application of 4,572 m3 irrigation water ha-1 was only 

slightly smaller than the 5,820 m3 reported from UPA 

vegetable production in Kabul (Safi et al., 2011) but 

almost ten-fold higher than the 573 m3 reported by 

Abdalla et al., (2012) from Khartoum (Sudan) where the 

floods of the River Nile soaked the land for 2-4 months 

per year which resulted in lower water requirements by 

the soil. The partial annual nutrient balances of 131 kg N, 

37 kg P and 84 kg K ha-1 from irrigated vegetable 

production systems under hot dry conditions of Oman 

reported by Buerkert et al., (2005) and of 215 kg N, 150 

kg P and -250 kg K ha-1 reported by Safi et al., (2011) at 

Kabul, Afghanistan are many fold larger than our 

findings.  Such variations in partial nutrient balances 

under sub-tropical conditions are mainly governed by the 

differences in irrigation regimes and fertilizer application 

(Abdalla et al., 2012; Safi et al., 2011; Ertek et al., 2006). 
 

Dry matter yields and water use efficiency: In the 

present study, DM yield of both crops slightly varied 

among both irrigation and fertilization treatments. The 

highest DM yield was found in Pea (12 t ha-1) than in 

cauliflower under FYM treatment but remained negligibly 

affected by both irrigation regimes. However contrary to 
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pea, cauliflower DM yield was slightly reduced (7-16%) in 

FYM treatment, fed with reduced irrigation (HRI), 

compared to full water supply (RI) presumably due to 

water stress. Similar to our results, Bozkurt (2011) recorded 

a decline of 25- 50% in cauliflower under mediterrainen 

climate. The decrease in DM yields under reduced 

irrigation for other horticultural crops e.g. for bitter gourd 

(Behera et al., 2010), eggplant (Solanum melongena L.; 

Kirnak et al., 2002), cucumber (Cucumis sativus L.), and 

tomato (Lycopersicon esculentum L.; Topcu et al., 2007) 

respectively, have also been reported. The water stress 

caused by reduced irrigation lowers the fertilizer use 

efficiency of crops (Bozkurt et al., 2011; Ul-Allah et al., 

2018) thereby affecting DM yields. Compared to DM 

yields, WUE of both crops was significantly higher under 

HRI than in RI treatment which suggest a careful revision 

of existing irrigation scheduling, issued by local agriculture 

extension department. 

 

Conclusions 

 

The present study showed negative balances for N, P 

and particularly higher in K for both crops under different 

fertilization treatments, suggesting a careful crop based-soil 

nutrient management prior to cultivation. The high 

temperatures coupled with low soil moisture and poor soil 

structure possibly reduced the current soil OC content and 

induced more N losses due to leaching which inevitably 

influenced partial nutrient balances in soil. The higher 

WUE under reduced irrigation (HRI) than in full irrigation 

(RI) treatment raises question on the existing irrigation 

recommendations. Our findings suggest partial nutrient 

balances as a useful indicator for the sustainability 

assessment of vegetable production systems particularly 

under urban farming. However, the assessment of major 

nutrient losses through leaching and volatilization will give 

further deeper insights into the full matter fluxes thereby 

resulting in a more comprehensive prediction of treatment 

effects on long-term changes in soil quality and vegetable 

yields in urban vegetable gardens. 
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