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The integrated effect was investigated of inorganic and organic nitrogen sources on nutrient uptake
and crop quality of broccoli at Bangabandhu Sheikh Mujibur Rahman Agricultural University,
Gazipur, Bangladesh. The experiment was designed based on 24 treatment combinations
(integrated plant nutrition system [IPNS]-based) with four doses of inorganic nitrogen sources at
140, 160 and 180 kg N/ha as urea super granules (USG) and 180 kg N/ha as prilled urea (PU) in

Keywords: combination with two levels of three organic nitrogen sources being 1) 1 t/ha and 2 t/ha mustard
g mzmh’n oil cake (OC); 2) 2 t/ha and 3 t/ha poultry manure (PM) and 3) 3 t/ha and 5 t/ha cow dung (CD).
ead quality,

Nutrient uptake, The results indicated that the single-photon avalanche diode (SPAD) value, nutrient uptake,

Organic manure, nitrogen use efficiency and the head quality (compactness co-efficient, vitamin C, B-carotene and

Urea super granules (USG) chlorophyll content) of broccoli were superior following USG-organic manure integration compared
to PU-organic manure. Integration of USG-organic manure increased the head compactness with
the highest compactness coefficient (21.92) from USG-N,,,xOC,. Almost all the parameters such as
nutrient (N, P, K, S) uptake and head quality had increased values with increasing rates of inorganic
and organic fertilizer; however, N use efficiency and vitamin C contents were slightly decreased
with increasing levels of inorganic and organic fertilizer. Maximum N uptake (208.33 kg/ha)
was produced with USG-N;,XOC, followed by USG-N ,xOC, (204.30 kg/ha), but the maximum
N use efficiency (92.89%) was obtained with USG-N,,,xOC, followed by USG-N,;,xOC, (89.06%).
The highest vitamin C of 87.28 mg/100 g fresh weight (FW) and B-carotene content of 0.393 mg/
100 g FW were produced withbothUSG-N (*PM;and USG-N, 4, xPM,.

Introduction

Broccoli is one of the nutritious vegetables containing substantial
quantities of protein, carbohydrates, phosphorus, calcium, iron,
thiamine, riboflavin and niacin with very high levels of ascorbic acid
and carotene (Thomson and Kelly, 1985). Generally, the nutrient
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content and post-harvest quality of broccoli are influenced by the
application of different levels of N fertilizer. For example, Yoldas
et al. (2008) reported that the application of N fertilizer increased N,
P, K and Fe concentrations in broccoli heads. Everaarts and Willigen
(1999) found that deep placement of N positively influenced N uptake.
Chao-Jionget al. (2010) reported that the concentrations of ascorbic
acid and glucoraphanin in the broccoli floret and stem decreased
with an incremental rate of N application. Nitrogen also influences
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the chlorophyll content and single-photon avalanche diode (SPAD)
value of broccoli. Kapotis et al. (2003) reported that leaf greenness
is closely related to leaf chlorophyll (leaf N content) and there was
a proportional relationship between SPAD values and leaf chlorophyll
content. Wang et al. (2004) also observed a good correlation of
SPAD values with both the chlorophyll content and N status of the
ornamental plant peace lily. Thus, the assessment of plant nutrient and
quality for selection of appropriate N doses is important in quality
broccoli production. Therefore, the present study was undertaken to
assess the combined effect of urea (super granules [USG]) and 1 dose
of prilled urea (PU)] along with different organic sources of N [OC,
PM and CD] on the nutrient uptake and N use efficiency of broccoli
and the crop quality and to select the best combined dose of USG or PU
along with different organic sources of N for quality broccoli production.

Materials and Methods
Experimental site

The experiment was carried out at Bangabandhu Sheikh
Mujibur Rahman Agricultural University, Gazipur, Bangladesh from
October 2014 to June 2015. The soil texture of the experimental field
was a silty clay loam with poor physical properties, representing the
agro-ecological zone Madhupur Tract (AEZ 28).Before starting the
experiment, soil samples were collected from different experimental
plots and their physico-chemical properties were analyzed in the
laboratory and these are presented in Table 1. Samples were collected
from decomposed cow dung (CD), poultry manure (PM) and mustard
oil cake (OC) for chemical analysis and their analytical values are
presented in Table 2.

Experimental design

The experiment was designed based on 24 treatment combinations
(integrated plant nutrition system [IPNS)-based] with three replications.

Table 1 Physicochemical properties of field soil in experiment

The treatments were randomly assigned based on four doses of
inorganic nitrogen sources [USG at 140, 160 and 180 kg N/ha, and PU
at 180 kg N/ha]with two levels of three organic nitrogen sources
[1 t/ha and 2 t/ha mustard oil cake (OC); 2 t/ha and 3 t/ha poultry
manure (PM), and 3 t/ha and 5 t/ha cow dung (CD)] comprising
24 (integrated plant nutrition system (IPNS)-based) treatment
combinations. Specifically, the combinations were as- T,: USG-
N,,0XOC,; T,: USG-N, ,,;xOC,; T5: USG-N, ,,xPM,; T,: USG-N, ,0<PM;;
T5: USG-N,,,XCDy; Tg: USG-N,,oxCDg; T,: USG-N,(xOC,; Tg:
USG-N,4(XOC,; Ty: USG-N,;(xPM,; T,,: USG-N,((xPM;; T ;:
USG-N,(,*xCD;; T,,: USG-N,,,*xCDs; T,3: USG-N,(xOC,; T\,
USG-N4,xOC,; T 5: USG-N,3xPM,; T s USG-N,4,xPM;; T,;: USG-
Ni50%CD;; T gt USG-N 3g¥CDs; Tyt PU-N 5oxOC; Tyt PU-N5pxOCy;
T,;: PU-N4o%PM,; T,,: PU-N0xPMj;; T,5: PU-N(XCD; and T,,:
PU-N,;(*xCDjs. Other fertilizers were applied as a blanket dose
at 53 kg/ha P, 83 kg/ha K, 20 kg/ha S, 2.0 kg/ha Zn, 1 kg/ha B and
0.8 kg/ha Mo, respectively in the form of triple super phosphate,
muriate of potash, gypsum, boric acid, zinc oxide and sodium
molybdate, respectively. Additional nutrients after obtaining nutrients
from these organic sources were adjusted from inorganic sources.
The adjusted treatment combinations (IPNS-based) were:T;:
N}15P1oKS 17Z0,B, M, +1/haOC; Ty: NgoP, K55S ,Zn,B, M, +2t/haOC;
Ts: NyjpP3pKeeS16Zn,B M5 +2 t/hha PM; Ty NyooPpKe,S14Zn,B, Mg s+3
t/ha PM; Ts: N, PLoKesS 6Zn,B, M, +3 t/ha CD; Ty Ny
P,KS,,Zn,B, M, ¢+5 t/ha CD; T,: N,35P,0K+6S,,Zn,B,M, +1 t/ha OC;
Ty NyooPssKo3S15Z0,B, M, +2 t/ha OC; To: N35P5K oS, Zn,B, M, 2
t/ha PM; T,,: N,P»K¢S,,Zn,B M, +3 t/ha PM; T,,:
N,47PaoKsS16Z0,B, M, +3 t/ha CD; Ty Ny3PuKeeS . Zn,B, M, o +5
t/ha CD; T,;: N,ssP,0K.¢S,,Zn,B,M,,+1 t/ha OC; T,,:
N,20P4sKo5S1,Z0,B, M, +2 t/ha OC; T,s: N ,P1,K S, Zn,B, M, 42
t/ha PM; T,s: N,4P»Ke,S4Zn,B, M, +3 t/ha PM; T,;:
N, 7P aoKsS 16Z0,B, M, +3 t/ha CD; Ty Ny5oPuoKeeS1,.Zn,B,M, o +5
t/ha CD; T,y: N,ssP,0K.sS,,Zn,B,M,+1 t/ha OC; T,,:
N,20P4sKo5S1,Z0,B, M, +2 t/ha OC; Tyy: NP K oS, Zn,B, M, 42
t/ha PM; T,,: N,,P,»KeS,,Zn,B, M, +3 t/ha PM; T,;:

Physical soil properties

Chemical soil properties

Soil property Analytical value Soil property Analytical value
Particle size distribution

Sand (%) 17.8 Soil pH 5.97

Silt (%) 45.6 Organic carbon (%) 0.96

Clay (%) 36.6 Total N (%) 0.083
Soil texture Silty clay loam Available P (ug/g) 15.14
Bulk density (g/cc) 1.34 Exchangeable K (meq/100g soil) 0.298
Particle density (g/cc) 2.61 Available S (ng/g) 11.878
Porosity (%) 47.47 Available B (ng/g) 0.182
Field capacity (%) 28.67 CEC (meq/100g soil) 12.67

Table 2 Nutrient status of cow dung, poultry manure and mustard oil cake
Source Nutrient content (oven-dry basis)
Moisture (%) N (%) P (%) K (%) S (%)

Cow dung 41.53 1.35 1.01 0.68 0.24
Poultry litter 48.57 1.72 1.29 0.82 0.38
Mustard oil cake 18.88 5.32 0.83 0.71 0.66
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NP ssKsS16Zn,B Mo g+3 t/ha CD and Tyy: NisgPyeKssS14Zn,B, Mg g+5
t’/ha CD. Broccoli seedlings (Brassica oleracea cv. Premium Crop)
were transplanted in lines maintaining row-to-row and plant-to-plant
distances of 0.60 m and 0.45 m, respectively.

Data collection

Data on different parameters were recorded at defined intervals
throughout the cropping season. The leaf chlorophyll content was
measured by the SPAD value calculated for each plot averaged data
recorded from five randomly selected mature leaves of each plant
according to Costa et al. (2003). SPAD values are directly proportional
to the leaf chlorophyll content which is closely related to the leaf N
content (Yamamoto et al., 2002).The instrument used to determine the
SPAD value was a Minolta SPAD-502. Measurements were done only
on the abaxial lateral part of the leaf in the same position at an interval
of 5 days after commencing the treatment.

Leaf, stem and head samples were collected for analysis of their N,
P, K and S contents to determine the nutrient contents at commercial
maturity. Samples for chemical analysis were collected from five
plants, selected randomly, after oven-drying at 65-70°C for 72 hr and
machine grinding followed by passing through a 20-mesh sieve.

To estimate the head quality, fresh samples were collected from
five randomly selected plants of each treatment for the chlorophyll
content, vitamin C and B-carotene analyses. From the plant sample,
the nitrogen content was determined following the micro-Kjeldahl
method (Bremner, 1965). Phosphorus was determined using a
spectrophotometric method (Fox et al., 1964) and the potassium
content in the leaf, stem and head samples of broccoli were determined
directly using a flame photometer (Jackson, 1973). The sulfur content
of broccoli head samples was determined by adding 6N HCI to plant
extract with BaCl, as suggested by Black (1965).

Calculations of parameters

The biomass per plant and biomass per plot (both measured in
grams) were calculated using Equations] and 2, respectively:

Biomass per plant = (Total above ground biological yield
from 10 plants) / 10 (1)

Biomass per plot = Biomass per plant x Number of plants at
final harvest in a plot 2)

Where all amounts are measured in grams.

The biomass per hectare measured in kilograms per hectare was
calculated using Equation 3:

Biomass per hectare = (Biomass yield per plot) / (Plot area) x
10,000 / 1,000 3)

Where the biomass per hectare is measured in kilograms,
the biomass yield per plot is measured in grams and the plot area is
measured in square meters.

The nutrient uptake from the soil in kilograms per hectare was
calculated using Equations 4 and 5:

Nutrient uptake = (%Nutrient x Y) / 100 4)

Where % Nutrientis the average percentage of nutrient content,
(%) of the plant or head biomass and Y is the total dry matter production
of the plant or head biomass measured in kilograms per hectare.

Nutrient uptake = (Nutrient x Y)) / (100 x 10,000) %)

Where Nutrientis the average nutrient content of the plant or head
biomass measured in micrograms per gram and Y is the total dry
matter production of the plant or head biomass measured in kilograms
per hectare.

The nitrogen use efficiency (NUE) was determined by the ratio of
N in the crop at harvest compared to the N applied by subtracting the
uptake made by the control plot. The efficiency of applied fertilizer N
was quantified using Equation 6 (Craswell and Godwin, 1984):

Nitrogen use efficiency = (N uptake F — N uptake C) /

(N fertilizer applied) x 100 (6)

Where F and C denote the fertilized crop and unfertilized control,

respectively.

The head compactness coefficient (CC) was estimated using
Equation 7:

Compactness coefficient = Head yield / Head diameter 7)

Where the head yield is measured in grams per plant and the head
diameter is measured in centimeters.

The ascorbic acid (vitamin C) content of the fresh head sample
was determined in milligrams per 100 grams fresh weight using a
centrifuge technique and the KIO; titration method using Equation 8
(Samotus et al., 1982):

Ascorbic acid (mg/100 g Fresh weight) = (f x V, x V, x 100) /
(WxVy) (®)

Where f'is the dye factor

V, is the titrated volume of KIO, (ml), V, is total volume of the
blended sample (100 ml), V, is the volume of sample extract taken
(5 ml), W is the weight of fresh head sample (20 g).

Chlorophyll-a, chlorophyll-b and B-carotene were determined
according to the acetone-haxene method of Nagata and Yamashita
(1992). All pigments in samples were extracted immediately with
acetone-hexane (4:6). Then the optical density of the supernatant
was measured at 663 nm, 645 nm, 505 nm and 453 nm using a
spectrophotometer. From these values, the contents of chlorophyll-a,
chlorophyll-b and B-carotene (all measured in milligrams per 100
milliliters) were estimated using Equations 9, 10 and 11:

Chlorophyll a = 0.999A; — 0.999A s )

Chlorophyll b= 0.328A45; — 1.77As (10)

B — Carotene = 0.216A5,— 1.22A45 — 0.304As + 0.452A,5; (11)

WhereAgq;, Ags, Asps andAys;are the absorbances at 663 nm,
645 nm, 505 nm and 453 nm, respectively.

Statistical analysis

The collected data were analyzed based on analysis of variance
using the statistical package MSTAT-C (Gomez and Gomez, 1984).
Means of the 24 combined treatments were calculated and compared
using Duncan’s multiple range test (DMRT) at 95% confidence interval.
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Results and Discussion

Integrated effect of inorganic and organic sources of N on single-photon
avalanche diode value of broccoli

The SPAD value was significantly affected from 30 days after
transplanting (DAT) by the different levels of USG and PU with
organic sources of N (Table 3). At 30 DAT, the highest SPAD value
(62.30) was recorded in the PU-N4,xOC, treatment followed by
USG-N,4,x0C,(60.50) and at 35 DAT the highest SPAD value (63.97)
was recorded in PU-N,,(xOC, which was followed by USG-N,4,,xOC,
(62.57). At 40 DAT, the highest SPAD value (66.17) was recorded
in both the treatments PU-N ;,OC, and USG-N 4,xOC, which was
followed by USG-N,,,xOC, (65.77) and at 45 DAT, it was highest
(69.83) in USG-N 4, xOC, which was followed by PU-N,;,xOC,
(69.73). An almost similar trend was observed in the SPAD readings
from 50 DAT to 70 DAT (Table 4).At70 DAT, the highest SPAD
value (76.97) was recorded with USG-N,4,<xOC, which was followed
by USG-N,,x0C, (76.90). It was observed that SPAD values were
increased with increasing levels of nitrogenous fertilizer and the
highest value was obtained with the USG-N,,,xOC, treatment, which
indicated the superiority of USG to PU. This might have been due
to sufficient available N supply from the organic matter and USG.
The higher supply of N might have increased the leaf chlorophyll
content which might have increased the SPAD value. This result was
supported by the findings of Yamamoto et al. (2002) and Kapotis

et al. (2003) as they reported that SPAD values are proportional to the
leaf chlorophyll content. Varvel et al. (1997) also demonstrated that
N fertilizer significantly increased both corn grain yield and SPAD
readings.

Nitrogen uptake

The nitrogen uptake by the broccoli plants was significantly
influenced by the different organic and inorganic sources of N.
The highest N uptake was recorded with treatment USG-N 4, xOC,
(208.33 kg/ha) followed by USG-N,4,xOC, (204.30 kg/ha), as shown in
Fig. 1. However, USG-N 4 xPM; (202.84 kg/ha), PU-N;,*xOC,
(199.83 kg/ha), USG-N3xCD; (198.08 kg/ha) and PU-N,4,xPM;
(193.26 kg/ha) had higher levels of N uptake. It was observed that the
N uptake increased with increasing levels of N applied and that this
was higher in the USG-applied plots with mustard oil cake than for
PU. This might have been due to the high availability and continuous
supply of N with the deep-placed USG in combination with mustard
oil cake. Organic manure might act as a slow-release N source which
can supply N for a long time to the plant, resulting the plant having
a higher N uptake. This result was supported by the findings of
Rickard (2008) who reported that the plant N uptake was strongly
affected by N application. Tremblay et al. (2001) also showed that
the N uptake was approximately 260 kg N/ha for an average yield of
field vegetables. Everaarts and Willigen (1999) reported a maximum
N uptake of 300 kg N/ha for broccoli.

Table 3 Integrated effect of different levels of inorganic and organic sources of N on single-photon avalanche diodevalues at different days after transplanting (DAT)

Treatment 25DAT 30DAT 35DAT 40DAT 45DAT
USG-N,,,<OC, 55.43 57,130 58.70% 63.130f 65.97%
USG-N,,,x0C, 57.07 58,2010 60,8704 65.77% 67,7000
USG-N,,,xPM, 52.87 53.83¢ 58.17¢ 62.80% 66.77°%
USG-N,,,xPM, 57.47 56.500d 59.70%t 63.930der 68.70%xde
USG-N,,,xCD, 55.30 55.20% 56.40 62.201 65.40¢
USG-N,;,xCD; 57.07 57.53bcde 60.20dere 63.10%f 67,7000
USG-N,,<OC, 56.00 56.730de 60.10%et 62374 68.43tcde
USG-N,,xOC, 56.50 57.830ede 61.30%¢ 65.60 69.17
USG-N,,*PM, 57.30 55.90¢ 59,07 62.90% 66.73%%
USG-N,(,xPM, 58.17 59,33 60.90bdr 65.07x4 68,60t
USG-N,,xCD, 57.67 53.93¢ 5727 62.77% 67.23¢cr
USG-N,,*CD; 54.90 59.30%< 60.270cdee 6473 67,7300
USG-N,,<OC, 57.77 58,701 61.93x 64.200bcder 69.03d
USG-N,;,xOC, 59.60 60.50 6257 66.17° 69.83
USG-N,,xPM, 52.97 57,7704 59.13¢f 63.430f 68.93d
USG-N,)xPM, 55.47 58.201 62.43% 64.37bece 69.001¢
USG-N,;,xCD, 54.17 56.230de 5823w 62.83% 67.074
USG-N,*CD; 57.17 57.93bcde 59.37¢f 64.0770cdet 68,1070
PU-N,,,xOC, 59.23 60.07 61.170ete 64.70x¢ 68.27¢0xde
PU-N,;,(x0C, 61.27 62.30° 63.97° 66.17° 69.73%
PU-N,,*PM, 56.83 58.17%< 59,674 63 47cdef 68.47:bcde
PU-N,;xPM, 57.17 58,370 60.07dete 6460 69.03d
PU-N,4xCD, 56.80 58,8010 61.030dr 63.27¢0r 68.970d
PU-N,4,*CD; 58.43 59.13%e 61270 64.8370cd 68,6704
CV (%) 4.03 372 2.09 2.01 1.53

CV = coefficient of variation;

Means in a column superscripted by different lowercase letters are significantly different (p< 0.05). Treatments are detailed in the experimental design section.
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Table 4 Integrated effect of different levels of inorganic and organic sources of N on single-photon avalanche diode values at different days after transplanting (DAT)

Treatment SODAT S5DAT 60DAT 65DAT 70DAT
USG-N, ,,xOC, 70.97¢% 73.67¢ 75.43defeni 73.83¢ 71.83%k
USG-N,,,x0C, 72.03bdel 75,2 3dbedet 76900 7523 74.275<
USG-N,,,»xPM, 69.47 71.60' 74,502 72,70 71,701
USG-N, ;,xPM, 69.83¢ 74.43cccfeh 75.87ccefen 74,270k 73,300
USG-N, ,,xCD, 70.27% 72.53h 74.37¢hi 70.500  72.77¢ 68.63"
USG-N,,,xCD, 70.90¢% 75,1 7abeder 74 870 73,3700 73 200
USG-N,,<OC, 70.87¢% 75.00b<dete 76.900 77.03% 70.301
USG-N,x0C, 74.10% 76.80% 78.57% 74374 76.90°
USG-N,,xPM, 72.830ede 73.83¢% 76.13¢ct 74.90%0 72.43¢0
USG-N,,*PM, 72.00bset 74,1 7c¢efeh 76.73%% 74.17¢% 74,50
USG-N,xCD, 71.13¢fe 74.87bdele 76,40 74.83¢F 7360w
USG-N,,xCD, 72.10b<der 74,03 76.930de 74.10¢% 73.630de
USG-N,<OC, 72,70k 75.4750cde 75.67cdefeni 77.73 72,90t
USG-N,4x0C, 75.67° 76.97¢ 79.03¢ 74.40¢% 76.97¢
USG-N,,*PM, 73.23wd 74,3 3cdeteh 75.20¢%i 76.00% 73,670
USG-N,*PM, 73370 76.17%%¢ 77.070 72,93 75.00%
USG-N,4xCD, 71,30t 74, 37cdefeh 74270 75.20%0 721 3edefe
USG-N,,xCD, 72,600 74,9 7vedere 74,831 73377 73.570ede
PU-N,4,xOC, 72.1 3bccet 73.57¢f 77100 76,730 72.10%et
PU-N,4,xOC, 7347 76.10%0c 77270 73.37% 75.87%
PU-N,,*PM, 70.83¢% 73275 74,631 73 4700 70.93¢
PU-N,4,xPM, 72,600 73.83¢f 74.801 71.207 72.67¢4t
PU-N,,xCD, 70.97¢% 72.97¢h 73.87 72.400 69.30¢"
PU-N,;,<CD; 72.27vel 73.60%% 74,602 71.23¢%
CV (%) 1.51 1.42 1.22 1.28 2.04

CV = coefficient of variation;
Means in a column superscripted by different lowercase letters are significantly different (p< 0.05).
Treatments are detailed in the experimental design section.
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Fig. 1 Integrated effect of inorganic and organic sources of N on N uptake by broccoli plants, where values are mean and error bars represent £SD; treatments
are detailed in the experimental design section.
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Nitrogen use efficiency

It was speculated that N use efficiency would decrease with
increasing levels of N fertilizer. The highest N use efficiency (92.89%)
was obtained with USG-N,,,xOC, followed by USG-N,,*xOC,
(89.06%) and the lowest N use efficiency (55.45%) was found with
PU-N,,(xPM, (Fig.2). USG-N(,,xOC, and USG-N (,xPM; also
showed higher N use efficiency levels. However, it was higher in the
USG-treated plots compared to PU. This mighthave been due to the slow
release but over a long time of N from the organic manure such as the
mustard oilcake, cow dung and poultry litter. USG could ensure higher
N use efficiency than PU with a continuous N supply and a greater recovery
percentage of fertilizer-N. Similar findings were observed by Riley and
Vagen (2003), where the N use efficiency of broccoli decreased with
increasing amounts of fertilizer. Khalil et al. (2011) reported that USG
in deeper placement (5.0-7.5 cm) resulted in greater fertilizer-N recovery
(70.5-78.0%) in the crop compared to the use of prills (56.6%). An
apparent fertilizer-N recovery by the aboveground part of the plant
decreased linearly from between 46 to 93% with 125 kg N/ha to
between 20 to 44% with 625 kg N/ha (Zebarth et al., 1995). These
results were corroborated by the findings of the present study.
The higher use efficiency might reflect the impact of USG with
deep placement where comparatively lower numbers of nitrifying
bacteria participate to convert a large granule of urea due to its smaller
surface area compared to PU, thus taking a longer time to convert it
to an available form that can be taken up by plants. This phenomenon
occurring following deep placement of USG where a zone of concentrated
urea solution was created meant that the denitrifying bacteria could
not work actively and consequently the N produced there remained in
the root zone for plant uptake (Mukherjee, 1986).

Md. J. Hussain et al. / Agr. Nat. Resour. 55 (2021) 71-80

Phosphorus and potassium uptake

The phosphorus uptake was significantly increased with increasing
levels of nitrogenous fertilizer and the highest P uptake (33.04 kg/
ha) was recorded with USG-N4(*xOC, followed by USG-N,,xOC,
(33.01 kg/ha) which was not significantly different from USG-
N oXPM,, PU-N,4(*xOC, and USG-N,,,xOC,. The lowest P uptake
(22.16 kg/ha) was with USG-N,,,xPM,. However, the P uptake was
higher in the USG-treated plants with organic manure than for PU
(Fig. 3).

Similarly, the K uptake increased with increasing levels of
nitrogenous fertilizer and the highest K uptake (247.32 kg/ha) was
recorded with USG-N,4,(*OC, followed by USG-N,,,xOC, (246.96
kg/ha) and both USG-N,,,xOC, and USG-N 4,PM;, (238.32 kg/ha) that
were not significantly different. The lowest K uptake (187.20 kg/ha)
was recorded with the treatment USG-N,,,xPM, (Fig. 4). This was due to
the continuous supply and greater recovery of P and K fertilizer with
USG with organic manure than for PU. This result was supported
by Yoldas et al. (2008) who reported that application of nitrogen
increased the N, P, K and Fe concentrations in broccoli heads. Similar
results were obtained by Abdelrazzag (2002) and Magnusson (2002)
with several vegetable crops. The possible reason for the higher P
and K uptakes was the conversion of N to nitrate in the soil and
the subsequent nitrate absorption by roots resulting in a negative
charge in root cells with charge equilibrium being driven by cation
absorption and consequently, P and K absorption by the plant
increased (Moniruzzaman et al., 2007).
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Fig. 2 Integrated effect of inorganic and organic sources of N on N use efficiency by the broccoli plants, where values are mean and error bars represent +£SD); treatments

are detailed in the experimental design section.
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Fig. 3 Integrated effect of inorganic and organic sources of N on P uptake by the broccoli plants, where values are mean and error bars represent +SD; treatments
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Sulfur uptake

The sulfur uptake increased significantly with increasing levels
of nitrogenous fertilizer and the highest S uptake (3.45 kg/ha)
was recorded in USG-N 4,xOC, followed by USG-N,,,xOC, (3.24 kg/
ha) with these results not being significantly different. Here, the higher
uptake was recorded in the USG-treated plots rather than for PU
(Fig. 5) and there was greater S uptake from the higher amount of
organic manure. This might have been due to the continuous supply
and the greater amount of S recovery with USG in combination
with organic manure than for PU. The higher N supply from USG
synergistically induced a higher uptake of S by the crop.

Head yield

The head yield was significantly affected by the treatment
combinations and the highest head yield (14.75 t/ha) was recorded
with USG-N 4,xOC, followed by USG-N,4,*xOC, (14.48 t/ha), USG-
N40XPM; (13.84 t/ha) and PU-N,;,xPM, (13.72 t/ha) which were
not significantly different but were significantly higher than those
of all other treatment combinations (Table 5). The lowest head yield
(11.87 t/ha) was obtained from USG-N,,xCD;. Here, the treatment
combinations USG-N,,,xOC,, USG-N ;,xOC,,USG-N,,,*PM; and
PU-N ¢ xPM,; produced more or less similar performance in terms
of yield. This might have been due to the higher availability and
continuous and uniform supply of N that caused optimum growth and
induced a maximum marketable head yield than was achieved from
the highest level of USG. However, mustard oilcake supplied more
available N to the crop where maximum vegetative growth occurred.
The low yield from crops harvested from the treatments were due to
the insufficient supply of N to the plants, leading to limited carbon
assimilation and resulting in a reduction in plant productivity (Lawlor,
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2002). This result was in agreement with Kandil and Gad (2009) who
concluded that using organic manure plus inorganic solution fertilizers
had a significant promotive effect on plant growth, head yield,
chemical constituents and the mineral composition of broccoli. Abou
El-Magdet al., (2006) found the highest total yield of broccoli for the
variety ‘Premium crop’ and indicated that broccoli plants with 100%
cattle manure produced the highest vegetative growth and the highest
total yield, with better quality achieved by adding poultry manure.
Similar results were reported by Rickard (2008) for broccoli.

Compactness coefficient

The CC is an important quality indicator of the broccoli head. It
was significantly influenced by the treatment combinations (Table 5).
The highest CC (21.92) was recorded in USG-N,4,xOC, followed by
USG-N,4,x0C,(21.63) and the lowest CC (19.00) was recorded with
USG-N,,,*xPM,. These results indicated that USG-organic manure
might increase head compactness as well as head quality due to the
higher availability and continuous, uniform supply of N resulting
in higher uptake and use efficiency of N which had maximum
assimulation for higher compactness and quality of broccoli head.
This result was supported by the findings of Wojciechowska et al.
(2005) in broccoli.

Vitamin C and f-carotene content

The vitamin C content of broccoli head was significantly influenced
by the treatment combinations (Table 5) and the highest vitamin content
(87.28 mg/100g FW) was found in USG-N,,*xPM; followed by
USG-N 4p*PM, (85.20 mg/100g FW). The lowest vitamin C (56.06 mg/
100g FW) was notedwithPU-N,4,xOC,. Karitonas (2001) reported
that an increased level of N supply slightly reduced vitamin C from
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Fig. 5 Integrated effect of inorganic and organic sources of N on S uptake by broccoli plants, where values are mean and error bars represent +SD; treatments

are detailed in the experimental design section.
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Table 5 Integrated effect of different forms and levels of inorganic and organic sources of N on head yield and quality of broccoli

Treatment Head yield Compactness Vitamin-C B-carotene Chlophyll-a Chlophyll-b
(t/ha’) coefficient (CC) (mg/100g FW) (mg/100g FW) (mg/100g FW) (mg/100g FW)
USG-N,,,xOC, 12.16" 19.43% 74450t 0.2631 0.663) 0.885¢
USG-N,,,x0C, 13.19bedel 20.46b<d 72074 0.380% 0.7244" 1.015¢
USG-N ,,xPM, 11.91 19.00¢ 82.607°d 0.330cd 0.705% 0.840n
USG-N,,,xPM; 12.69dfen 19.46% 79.96bede 0.327¢4 0.715* 1.081%
USG-N,,,xCD, 11.87 19.06¢ 80.62:bcde 0.250¢ 0.609' 0.776'
USG-N 4,xCDj 12.95bedet 19.79¢d 74,4624t 0.380* 0.710f 1.070b
USG-N,,,xOC, 13.42bcde 20.03bede 79.8 ] ebede 0.260 0.688¢n 0.844ni
USG-N,4,x0C, 14.75 21.92¢ 75.38bcdele 0.387% 0.747%¢ 1.143¢
USG-N,(,xPM, 12.8cdefen 19.90¢ 84.53%®¢ 0.343¢ 0.720° 0.957¢f
USG-N,4,xPM; 13.84¢ 20.78bcde 87.28¢ 0.393¢ 0.733¢ 1.036¢
USG-N,4,xCD, 13.02bcdel 19.29% 78.71bede 0.277¢ 0.669 0.980%"
USG-N,4,xCDj 13.29bede 19.93bede 71.18f 0.383% 0.738bed 1.068b
USG-N,4,,xOC, 13.4(Qbcde 20.86bcd 77.400edef 0.283¢ 0.715* 0.866"
USG-N,4,x0C, 14.48° 21.63% 78.13abedef 0.317¢ 0.761° 1.168
USG-N 4,xPM, 12.67¢t 19.91c 85.20® 0.370° 0.634k 0.906%"
USG-N 4,xPM; 13.58" 20.92bede 81.77bede 0.387® 0.755% 1.140%
USG-N,4,xCD, 12471 20.25b¢de 81.350bede 0.267° 0.713° 1.093¢
USG-N 4,xCDj 13.3]0cde 20.20bede 66.23¢ 0.387% 0.691¢" 1.132%®
PU-N4,,xOC, 12.9]bedefe 20.97bede 81.06cde 0.283¢ 0.663) 0.897f
PU-N 4;(*OC, 13.67° 21.14b4 56.06" 0.383% 0.751%¢ 1.136%
PU-N, 4 xPM, 13.09bedet 19.75¢d 82.93%®¢ 0.263f 0.6617 0.861™
PU-N,*PM, 13.72¢ 20.52bede 68.251% 0.393¢ 0.677" 1.030c
PU-N 4(*CD, 12.162" 20.88bede 75.55bcdele 0.260% 0.6721 1.016
PU-N,,xCD; 13.25bedet 21.29bd 74,4624t 0.383% 0.718 1.038¢
CV (%) 3.09 491 6.96 4.79 3.03 5.18

CV = coefficient of variation;

Means in a column superscripted by different lowercase letters are significantly different (p< 0.05).

Treatments are detailed in the experimental design section.

83 mg/100g FW to 73 mg/100g FW in broccoli flowers. Similar
results were reported by Chao-Jiong et al. (2010) who observed that
the concentrations of ascorbic acid in the broccoli floret and stem
decreased with increasing N application and a significantly lower
amount of ascorbic acid was detected following N fertilization at the
rate of 300-400 kg/ha N which was agreed with the present study.
Similarly, the B-carotene content of broccoli heads was significantly
influenced by the treatments (Table 4) and the highest B-carotene
content (0.393 mg/100g FW) was obtained with both USG-N,¢*PM,
and PU-N 4, xPM, followed by USG-N,,,xOC,,USG-N 4, xPM, and
USG-N (,xCDjs (0.387 mg/100g FW). The lowest B-carotene content
(0.250 mg/100g FW) was recorded in USG-N,,xCD,. This finding
was similar to the results reported by Decoteau (2000) for broccoli.

Chlorophyll-a and chlorophyll-b contents

The chlorophyll-a content of broccoli heads was significantly
influenced by the treatment combinations and the highest chlorophyll-a
content (0.761mg/100g FW) was obtained with USG-N;,xOC,
followed by USG-N 4,*PM, (0.755mg/100g FW), as shown in Table 5.
The lowest chlorophyll-a content (0.661mg/100g FW) was recorded
inPU-N,4(xPM,. Similarly, the chlorophyll-b content of broccoli
heads was significantly influenced by the treatment combinations
and the highest chlorophyll-b content (1.168 mg/100g FW) was

found in USG-N4,xOC, followed by USG-N,,,xOC, (1.143 mg/100g
FW). The lowest content (0.776 mg/100g FW) was produced by
the treatmentUSG-N,,xCD;. These findings were similar to those
of Oudaet al. (2008) who reported that the chlorophyll content was
higher when a combination of organic and inorganic fertilizers was
added compared with their individual addition.

Based on the findings, the SPAD value, nutrient uptake and N
use efficiency as well as the head quality (compactness co-efficient,
vitamin C, B-carotene and chlorophyll content) were all superior in the
USG-organic manure integration compared to PU-organic manure. The
SPAD value, nutrient (NPKS) uptake and head quality (compactness
co-efficient, B-carotene and chlorophyll content) all increased with
incremental rates of inorganic and organic fertilizer; however, N use
efficiency and the vitamin C content slightly decreased. The highest
amounts of N, P, K and S uptake (208.33 kg/ha, 33.04 kg/ha, 247.32
kg/ha and 3.45 kg/ha) were produced with USG-N,4,xOC, followed
by USG-N,4,xOC,,but the maximum N use efficiency (92.89%)
was obtained with USG-N,,xOC,.USG-organic manure and the
highest head CC (21.92) was from USG-N,,,xOC, followed by USG-
NioXOC,. The highest vitamin C content (87.28mg/100g FW) was
recorded with USG-N,4,*xPM, and the maximum J-carotene content
(0.393 mg/100g FW) was recorded from both the USG-N,(,xPM, and
PU-N,5,<PM,; treatments.
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