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Abstract

Soil amendment using organic fertilizer has been used widely to dispose animal waste, reduce environmental 
pollution and improve soil and fruit quality. The objective of this two-year study was to assess the influence 
of organic and conventional systems on growth, marketable yield, head quality (chlorogenic acid and cynarin 
concentration) and soil chemical properties of globe artichoke (Cynara cardunculus). Cultivars used were De-
serto, Lulu, Romolo, 11-018, 12-179, Green Globe Improved and Imperial Star. Fertilizers were applied to both 
conventional and organic soil through drip irrigation system. In both years, significant differences were found 
across cultivars and soil type. Although cultivar response to soil system treatments were inconsistent across the 
two growing seasons, the cv. Imperial Star had the lowest marketable yield and head quality. Artichoke grown 
in the conventional field had higher plant height and width, chlorophyll content index (SPAD), leaf area index 
(LAI), stomatal conductance (gs), photosynthesis (Pn) and marketable yield. Conversely, artichoke head quality 
from the organic field was higher than conventional. Organic system increased chlorogenic acid by 31% and cy-
narin by 12% compared to the conventional system. In fact, after two years of soil amendment, organic fertilizer 
improved soil respiration-CO2 (soil health indicator) by 20-fold compared to chemical fertilizer (conventional 
field). Overall, based on this two-year study we suggest organic farming as the best system to improve soil and 
head quality of globe artichoke, but it may not be the best option for farmers when yield is the primary target 
short-term. 
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1. Introduction

The disposal of livestock and poultry animal waste 
constitutes an environmental hazard and health is-
sue. Soil amendment practices using organic fertil-
izers are preferred to mineral fertilizers because it 
disposes animal waste and reduces environmental 
pollution issues (Leogrande et al., 2013). The evalua-
tion of results from 150 studies comparing the quality 
of conventionally and organically produced food re-
vealed that inorganic cultivated vegetables had higher 
nitrate (NO3

-) content and pesticides residue levels 
than those grown under organic systems (Woese et al., 
1997). A meta-data analysis of organic and conven-
tional growing systems also found that organic crops 
contained higher vitamin C, iron (Fe), magnesium 
(Mg+2), and phosphorus (P) than conventional crops 
(Worthington, 2001). In fact, organic fertilizers have 
been reported as good sources of macro-nutrients (Gil 
et al., 2008). Additionally, the integration of optimum 
rates of inorganic and organic fertilizers can improve 
crop growth and productivity on a sustainable basis 
(Mahmood et al., 2017). In wheat (Triticum aestivum) 
grown under salinity stress (EC = 7.84 dS·m-1), the in-
tegrated application of bio-fertilizer (4 Kg·ha-1) with 
cattle manure (10 t·ha-1) and inorganic nitrogen-fer-
tilizers (55 kg·ha-1 N) significantly improved growth, 
yield, and chemical constituents, and reduced heavy 
metal contents in shoots and seeds (Rady et al., 2016). 
Organic farming has been known to increase soil N 
supply capacity and soil N sequestration (Gong et al., 
2011). After 12 years of continuous growing of 24 
crops under different cultural systems, soils analyses 
showed that organic systems using compost and peat 
sources increased soil organic carbon content and al-
tered microbial activities and microbial community 
structure compared with conventional system using 
inorganic chemical fertilizers) (Chang et al., 2014). 
More recently, Ciaccia et al. (2017) found that the 

combined use of plant-based organic manure (Vicia 
villosa) and rock-phosphate significantly improve 
yield and nutrient use efficiency in corn (Zea mays). 
They concluded that P-enriched compost is a viable 
option to sustain plant nutrient requirements, includ-
ing N and P. In sugarcane (Saccharum officinarum), 
the combination of organic manure and chemical 
fertilizer increased soil fertility and leaf absorption 
of N, P and K compared to chemical fertilizer alone 
(Bokhtiar and Sakurai, 2005). It has been shown that 
organic fertilizers such as compost manure caused 
no heavy metal pollution into the soil and added ac-
ceptable levels of organic matter and nutrients to corn 
plants and soil (Gil et al., 2008). In a wheat–maize 
system, Yong et al. (2015) suggested that organic ma-
nure must be integrated with chemical N to sustain 
the productivity and promote C and N sequestration. 
However, organic farming is not an appropriate prac-
tice for growers when high yield and labor costs are 
the main concerns. In addition, it could add additional 
hidden management costs for growers due to the lack 
of consistent uniformity and stability of organic fertil-
izers (Gaskell and Smith, 2007). 
Compared to conventional farming using inorganic 
chemical fertilization, an organic system can improve 
soil physical properties by significantly increased soil 
water retention capacity, soil water content and de-
creased soil bulk density and penetration resistance 
(Bassouny and Chen, 2016). For example, organic 
amendments of mine tailings based on processed 
waste rock sites in Canada using paper-mill sludge 
at a rate of 5.3 t·ha-1 and woodchips at 5.6 t·ha-1 
led to improvements in plant cover of three species 
(Medicago sativa, Festuca rubra and Agropyron tra-
chycaulum) and also survival, substrate aggregation 
and organic content (Young et al., 2015). Conversely, 
other amendments using chemical fertilizers never 
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exceeded 50% cover, nor it improved soil physical 
properties (Young et al., 2015). The application of or-
ganic fertilizer such as chicken manure or municipal 
sewage sludge increased marketable yield, ascorbic 
acid and phenols in kale (Brassica oleracea) and col-
lard (Brassica oleracea) as compared to conventional 
soil amendments (Antonious et al., 2014). In addition, 
high soil organic matter resulted in higher soil bio-
logical activity as compared to soil with lower organic 
matter, and led to improve soil health and fruit quality, 
and suppressed plant diseases (Leskovar et al., 2016; 
Qiu et al., 2012). The application of bio-organic fertil-
izer based on a combination of manure composts and 
microorganisms was a useful and effective approach 
to suppress Fusarium wilt in cucumber (Cucumis sa-
tivus) plants (Qiu et al., 2012).
It has been claimed that organic agriculture could 
have more nutrients in the food products and lower 
negative impact to the environment (Santos et al., 
2016). A comprehensive meta-analysis study based 
on 343 peer-reviewed publications concluded that or-
ganic crops grown across diverse regions and produc-
tion seasons have higher antioxidant concentrations, 
lower cadmium concentrations and lower pesticide 
residues than conventional crops (Barański et al., 
2014). However, an early meta-data analysis study 
did not find a strong evidence that organic foods are 
significantly more nutritious than conventional foods 
(Smith- Spangler et al., 2012). Noteworthy, that same 
study also concluded that organic foods had less 
pesticide residues and antibiotic-resistant bacteria 
(Smith- Spangler et al., 2012). Other studies indicate 
that tomato and spinach (Spinacia olearacea) organ-
ically-grown products had higher levels of ascorbic 
acid (vitamin C) and phenolic compounds with less 
nitrates than conventional-grown products (Mitchell 
et al., 2008). Similarly, the application of organic fer-
tilizer increased total phenolics, flavonoids, ascorbic 
acid content and decreased nitrate in medicinal herb 

(Labisia pumila) as compared to inorganic fertilizer 
(Ibrahim et al., 2013). On average, the concentration 
of polyphenolic compounds was consistently higher 
in organic crops, with an increase of phenolic acids 
(19%), flavanones (69%), flavonols (50%) and antho-
cyanins (51%) (Barański et al., 2014). 
Globe artichoke (Cynara cardunculus) is a high valu-
able crop and rich source of antioxidant compounds 
such as dicaffeoylquinic acids, cynarin and phenolic 
acids, which are known to be beneficial for human 
health (Ciancolini et al., 2013; Moglia et al., 2008). 
Contemporary globe artichoke breeding program is 
aimed at developing new hybrid cultivars with en-
hanced vigor, quality and phytochemical content. 
However, how organic farming impact growth, head 
quality and soil health of field-grown globe artichoke 
is unknown, especially in newly developed genotypes.
The objective of this study was to assess the influ-
ence of organic and conventional chemical fertilizers 
on artichoke growth, yield, head chlorogenic acid and 
cynarin concentration, and soil nutrient availability 
and respiration CO2. 

2. Materials and Methods

2.1. Site description and plant material

The study was conducted over two years during Oc-
tober 2014 to June 2016, at the Texas A&M AgriLife 
Research & Extension Center in Uvalde (long. 29° 
13″ N, lat. 99° 45″ W). Two sites were used, a con-
ventional and certified organic field (with a previous 
history of 6 years under organic regimes), both hav-
ing a clay soil type (hyperthermic Aridic Calciustolls 
of the Uvalde series). The organic field was certified 
organic by the Texas Department of Agriculture, 
Austin in 2009. For the conventional field, artichoke 
seeds of 7 cultivars were sown in polystyrene Speed-
ling trays with 128 cells (3.2 x 3.2 cm square and 6.4 
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cm deep) and placed in a germination chamber for 4 
days in darkness inside an incubator chamber set at 
20 ºC. Then, seedlings were transferred and grown 
in greenhouse conditions for 7 weeks prior to field 
planting. Mean minimum and maximum temperatures 
in the greenhouse were 22 °C and 27 °C, relative hu-
midity were 30% to 60% and light intensity during 
the daytime was on average 960 µmol·s-1·m-2. For 

the organic field, artichoke transplants of the same 
7 cultivars were grown in a certified organic nursery 
(Speedling Inc., Florida) for 8 weeks and transported 
to Uvalde prior to planting. Meteorological data of 
both fields, were obtained from the Texas A & M 
AgriLife Research & Extension Center weather sta-
tion located nearby of both fields (Figure 1).

Figure 1. Average air temperature, relative humidity and precipitation of the study sites at Uvalde, Texas, during 
the experimental period (August 2014 - June 2016).
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2.2. Treatments and cultural practices

Seven artichoke cultivars were used, Green Globe 
Improved and Imperial Star as open pollinated types 
with green-light purple color heads and the more con-
temporary hybrid cultivars Deserto, Lulu, Romolo, 

12-179 and 11-018 (Big Heart Seed Co, Brawley, 
California) with purple color heads except for 11-018 
that was green-light head. Mature 7-8 week-old trans-
plants were established in the field in either organic 
or conventional beds with plants spaced in the cen-
ter at 0.9 m within the row and 1.5 m apart between 
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rows. Beds were laid out with a black plastic mulch 
to reduce weed pressure and soil evaporative water 
losses. In both sites, irrigation was established using 
a subsurface drip system placed in the middle of the 
bed at 15 cm depth. Drip tape used had emitters 
spaced every 30 cm with a flow rate of 0.91 lˑh-1 
at 0.07 MPa (06SLF15636.2-12 Model; Netafim, 
Fresno, CA). Organic and inorganic fertilizers 
were injected through the irrigation system at an 
equivalent rate of 120 N, 100 P and 100 K kgˑha-1. 
Fertilizers were applied in 3 split doses across the 
growing seasons. The first dose (20% of total fer-
tilizers) was applied three weeks after transplant-
ing, the second dose (40%) at the 8-leaf stage and 
the third (40%) prior to the harvesting stage. The 
inorganic fertilizers 4N-4.4P-8.3K and 32N-0P-0K 
were used for the conventional site and Phytamin 
all purpose (3.7-2.7-3.7) was used in the organic 
field. Organic potash (0-0-4) and phosphate (0-20-
0) were also incorporated into the top 20 cm soil 
surface in the organic site prior to planting to level 
the amount of P and K to that of the conventional 
field. Phytamin all purpose, organic potash and 
phosphate fertilizers were in the list of OMRI-ap-
proved (Organic Materials Review Institute). Dur-
ing the period between 2009 and 2014, the organic 
field was grown with winter wheat and legume 
crops. Commercial organic fertilizer (Phytamin all 
purpose) was inclusively added during the experi-
mental period, 2014-2016. 
Gibberellic acid (GA3, 4%, CP Bio, Inc., Chino, 
CA) was sprayed twice at 20 mg·L-1, the first at 
the four-leaf stage and the second 10 d after the 
first application to the conventional artichoke field 
(inorganic fertilizer). Additionally, esfenvalerate 
(Asana XL, 8.4% by weight, DuPont, Wilmington, 
DE) at 70 mlˑha-1 were applied to control cucum-
ber beetle (Diabrotica undecimpunctata) during 
the vegetative stage. Due to the regulations of the 

Texas State Department of Agriculture for certified 
organic fields, neither GA3 nor esfenvalerate were 
applied to the organic artichoke site. 

2.3. Plant morphology, physiology, yield and head 
phytochemical measurements

Plant size (height and width), chlorophyll content 
index (SPAD), leaf area index (LAI), photosynthetic 
rate (Pn), stomatal conductance (gs), and transpiration 
(E) were measured at the vegetative and harvesting 
stage in both growing seasons. Morpho-physiological 
measurements were conducted between 1100 and 
1300 HR. Chlorophyll content index was measured 
using a chlorophyll meter (SPAD-502 Plus, Minolta, 
Japan), and LAI with a ceptometer (LP-80, Decagon 
Devices, Pullman, WA). Gas exchange (Pn, gs and E) 
measurements were determined from two fully ex-
panded sunny-exposed leaves using a portable photo-
synthesis system (LI-6400XT; LI-COR, Lincoln, NE) 
following the procedures of Othman et al. (2014). Ar-
tichoke harvests were conducted between April and 
June 2015 and 2016 and marketable yield (tˑha-1) was 
determined. A head was considered marketable when 
its diameter was higher than 7 cm and without tip-
burn and/or open bracts. During the harvesting stage 
in 2016, a representative head sample size (secondary 
heads, 8 heads per treatment) was taken and used to 
measure phytochemicals (chlorogenic acid and cy-
narin) concentration using a High Performance Liq-
uid Chromatography system (HPLC, Waters Alliance 
2695 Separation Module, Milford, MA 01757). 

2.4. Soil chemical properties analysis

Soil samples (top 30 cm) from plots where the 
cv. 12-179 was established in the organic and con-
ventional sites were collected at the beginning (Sep-
tember 2014) and end of the study (July 2016). We 
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selected this cultivar-location since an early study 
demonstrated the superior performance and adapt-
ability of 12-179 for the semi-arid conditions of Texas 
(Leskovar and Othman, 2016). Soil respiration was 
measured using the Solvita Soil Respiration System. 
A 40 g of air-dried sieved (2 mm) soil was used. 
Soil CO2-C released was measured using a digital-
color reader (Solvita-DCR, Woods End Laborato-
ries, Inc, Mt. Vernon ME). For soil chemical analy-
sis, samples were oven dried at 65 oC for 16 hours. 
Electrical conductivity and pH was determined in a 
1:2 (water:soil) extract. Soil NO3-N was measured 
using a spectrophotometer (Genesys 20, Thermo 
Scientific, Waltham, MA). Soil P, K, Ca+2, Mg+2, 
Na and S were measured by inductively coupled 
plasma mass spectrometry (ELAN ICP-MS, Perki-
nElmer Inc. Waltham, MA). 

2.5. Graphing and statistical analysis

A randomized complete block design with two factors 
(seven cultivars and two soil sources) and four repli-
cations were used. Each plot consisted of 8 plants (32 
plants total per cultivar and soil source). The analysis 
of variance (ANOVA) and the least significant defer-
ence test (P = 0.05) in SAS (Version 9.4 for Windows; 
SAS Institute, Cary, NC) was used to identify differ-
ences between cultivars, soil source (organic vs. con-
ventional) and their interactions. Sigmaplot (Version 
10.0 for Windows; Systat Software, San Jose, CA) 
was used to graph the results. 

3. Results

3.1. Morphology and physiology

Plant height and width, chlorophyll content index 
(SPAD) and LAI were statistically different across 
cultivars and soil source during the experimental 

period (Table 1). In both years, cvs. 11-018, 12-
179, Deserto, Lulu, and Romolo had higher plant 
width and LAI than the open pollinated Green 
Globe Improved and Imperial Star. Plant height 
was similar for the open pollinated artichokes, 
while it was higher for cvs. 11-018, 12-179, Deser-
to, Lulu, and Romolo in 2016 compared to 2015. 
Open pollinated (Green Globe Improved and Im-
perial Star) cultivars had slightly lower plant width 
compared to hybrids cvs. 11-018, 12-179, Deserto, 
Lulu, ad Romolo in 2016 as compared to 2015. 
However, all cultivars had higher LAI in 2016 than 
in 2015 (Table 1). Artichoke plants grown in the 
conventional site (inorganic fertilizers) had con-
sistently higher plant height and width, SPAD and 
LAI compared to those grown in the organic site 
in both years. There was a significant cultivar and 
soil type interaction for LAI in 2015 (Figure 2). 
The partitioning of that interaction indicated that 
six cultivars, ‘11-018’ ’12-179’, ‘Deserto’, ‘GGI’, 
‘Lulu’, and ‘Romolo’, had higher LAI than the 
open pollinated ‘IS’ in the conventional compared 
to the organic field 
Leaf gas exchange measurements (Pn, gs and E) 
were overall similar among cultivars during the 
study period, 2015-2016, except for E in 2016, 
which was higher for the hybrids and lower for 
the open pollinated cultivars (Table 2). However, 
across all cultivars leaf gas exchange was sig-
nificantly different between the two soil sources. 
Specifically, Pn and gs from the conventional soil 
were higher than those from the organic soil in 
2015. Additionally, plants in the conventional soil 
had higher gs and E than those grown in organic soil 
in 2016 (Table 2). After two years of soil amendment 
using organic (Phytamin all purpose) and synthetic 
(chemical) fertilizers, shoot total N and NO3

- (shoot 
samples were taken from ‘12-179’) were significant-
ly higher in conventional site (inorganic fertilizers) 
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Table 1. Plant height and width, chlorophyll content index (SPAD) and leaf area index (LAI) for artichoke 
cultivars grown in conventional or organic soils during 2015 and 2016. Measurements were conducted during the 
early harvesting stage. 

Different letters within columns indicate a significant difference between cultivars (P-value < 0.05). Differences between con-

ventional and organic soils are significant if P ≤ 0.05.

 

 

Year   Height 
cm 

Width 
cm SPAD LAI 

2015 Cultivar (C) Deserto 63.6 a 145 ab 55.6 bc 4.32 a 
  Lulu 59.0 ab  148 a 59.0 a 4.04 a 
  Romolo 63.9 a 146 ab 55.2 bc 4.24 a 
  11-018 54.8 b 145 ab 56.3 bc 4.54 a 
  12-179 64.0 a 148 ab 54.8 c 4.43 a 
  Green Globe Improved 63.8 a 138 bc 57.5 ab 3.36 b 
  Imperial Star 55.9 b 133 c 55.3 bc 3.11 b 
 Soil (S) Conventional 67.9 153 59.2 4.81 
  Organic 53.5 134 53.3 3.20 
       
 P-value C 0.03 0.02 0.02 0.0001 
  S 0.0001 0.0001 0.0001 0.0001 
  C×S 0.54 0.06 0.79 0.001 
       
2016 Cultivar  Deserto 70.4 ab 152 a 54.4 ab 5.13 ab 
  Lulu 71.4 a 157 a 55.8 a 5.59 a 
  Romolo 74.4 a 157 a 48.7 b 5.24 ab 
  11-018 72.1 a  157 a 58.5 a 5.63 a 
  12-179 73.1 a 164 a 53.8 ab 5.76 a 
  Green Globe Improved 63.0 bc 130 b 54.4 ab 4.49 bc 
  Imperial Star 55.8 c 124 b 49.5 b 3.87 c 
 Soil  Conventional 86.9 160  57.7 6.3 
  Organic 50.3 138 49.5 3.9 
       
 P-value C 0.0001 0.0002 0.03 0.005 
  S 0.0001 0.0001 0.0001 0.0001 
  C×S 0.14 0.54 0.03 0.15 

than in organic. For the conventional field the total N 
and NO3 - were 3.21% and 0.34%, respectively. 

Conversely, for the organic field, the total shoot N and 
NO3 - were 2.01% and 0.1%, respectively.
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3.2. Yield and head quality

Overall, marketable yield was lower in the 2015 
growing season compared to 2016 in both soil 
types (organic and conventional) and across all 
cultivars (Figure 3). The open pollinated ’Imperial 
Star’ had the lowest yield compared to other culti-
vars in conventional field in 2015 and in organic in 
2016; while ‘Green Globe Improved’ had uniform 
yields in both seasons, being the highest in 2015. 
Averaged across both years, the hybrids ‘12-179’ 
and ‘11-018’ had about 9 % and 54% higher yields 

than the open pollinated ‘Green Globe Improved’ 
and ‘Imperial Star’, respectively. However, there 
were significant cultivar and soil treatment interac-
tions for marketable yields in both years (P=0.0001 
in 2015 and P=0.04 in 2016). The cultivar and soil 
treatment interactions revealed that, in both years, 
cultivars ‘12-179’, ‘11-018’ and Lulu from con-
ventional soil had the highest yield compared to 
other cultivars from both organic and conventional 
soil (Figure 3). Marketable yield from conven-
tional (inorganic fertilizer) was 9.7 and 6.4 t·ha-1 

higher than organic in 2015 and 2016, respectively. 

Figure 2. Leaf area index for artichoke cultivars grown in conventional or organic soil in 2015 and 2016. 
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In this study, the cvs. 11-018, Green Globe Im-
proved (GGI) and Lulu from organic soil had 
higher chlorogenic acid and cynarin than con-
ventional soil (Figure 4). However, although 
cvs. 12-179 and Imperial Star (IS) had similar 
chlorogenic acid head content in both soil type 

treatments, both cultivars had higher cynarin 
head content when grown in conventional soil 
(Figure 3). Overall, artichoke heads from the or-
ganic field had higher concentration of chloro-
genic acid (31%) and cynarin (12.4%) than the 
conventional chemical fertilized treatment. 

Table 2. Leaf-level photosynthesis (Pn), stomatal conductance (gs) and transpiration (E) of artichoke plants 
grown in conventional or organic soils. Measurements were conducted during the early harvesting stage. 

 

 

Year 

 

 
Pn 

(µmol·m-2·s-1) 
gs 

(mol·m-2·s-1) 
E 

(mmol·m-2·s-1) 
2015 Cultivar (C) Deserto 25.2 0.31 2.82 

  Lulu 25.1 0.34 2.99 

  Romolo 24.9 0.30 2.69 

  11-018 24.5 0.31 2.72 

  12-179 26.2 0.37 2.93 

  Green Globe Improved 24.3 0.35 2.76 

  Imperial Star 25.1 0.36 2.97 

 Soil (S) Conventional 27.7 0.37 2.73 

  Organic        22.4 0.29 2.95 
      
 P-value C        0.54 0.15 0.87 

  S   0.0001     0.0001 0.13 

  C×S 0.15 0.17 0.75 

      

2016 Cultivar  Deserto 17.7 0.35     4.68 ab 

  Lulu 20.1 0.38     4.78 ab 

  Romolo 21.5 0.38     4.80 ab 

  11-018 20.0 0.39   4.97 a 

  12-179 20.4 0.38     4.64 ab 

  Green Globe Improved 18.6 0.33   4.16 c 

  Imperial Star 16.4 0.34     4.48 bc 

 Soil (S) Conventional 18.8 0.46         5.91 

  Organic 19.8 0.27         3.38 
      
 P-value C 0.25 0.24         0.04 

  S 0.37     0.0001    0.0001 

  C×S 0.79 0.21         0.11 

Different letters within columns indicate a significant difference between treatments (P-value < 0.05). 
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3.3. Soil chemical properties

In this study, soil chemical analysis at the beginning 
of the experimental period (2014) revealed significant 
differences between organic and conventional fields 
in terms of soil pH, EC and nutrient concentration 
(NO3-N, P, Ca+2, Mg+2, S and Na) (Table 3). However, 
at that time no significant difference was noticed in 
soil respiration CO2 and K. In addition, soil pH, EC, 
and S were similar in both fields at the end of the ex-
periment (June 2016). After two years of soil amend-
ment (2014-2016) using organic and conventional 

systems, organic soil had lower NO3
-, P, K, Mg+2 and 

higher Ca+2 than conventional soil. In 2016, organic 
soil had a higher level of Na than conventional (Ta-
ble 3). In fact, Na increased 3-fold in organic soil 
and decreased 2-fold in conventional soil during the 
experimental period (2014 to 2016). While soil res-
piration was similar in the conventional field (inor-
ganic fertilizer) across the study period (2014-2016), 
a significant 15-fold increase in soil respiration CO2 
was found in the organic field (Table 3) as compared 
to the baseline soil from 2014. 

Figure 3. Marketable yield for artichoke cultivars grown in conventional or organic soil in 2015 and 2016 seasons. 
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4. Discussion

4.1. Morphology and physiology

Plant morphology (height and width) and physiology 
(SPAD and LAI) were statistically different across 
cultivars and soil source (Table 1). Artichoke plants 
grown in the conventional site had consistently higher 
plant size (height and width), SPAD and LAI com-
pared to organic site in both years, except LAI of IS 
in 2015. Higher plant size and LAI in the conventional 
site could be attributed to the promotion effect of GA3 
application, since it is known that exogenous GA3 en-
hances shoot growth and yield of globe artichoke by 
increasing the number of secondary heads (Paradiso 
et al., 2007). Additionally, higher shoot and SPAD 
values in conventional field could be attributed to 
the higher soil nutrient levels (NO3, P, Mg+2 and S) at 
the beginning of growing season (Table 3). The chal-
lenge to synchronize nutrient release, specifically N, 

from organic fertilizer sources with the plant growth 
demand has been discussed by Mikkelsen and Hartz 
(2008). In fact, these materials do not release consid-
erable amount of N to a subsequent crop beyond 6 to 8 
weeks after incorporation (Gaskell and Smith, 2007). 
Inadequate N supply during the growing season often 
results in low chlorophyll and growth rate, poor yield 
and inefficient water use (Mikkelsen and Hartz, 2008; 
Zhao et al., 2015). 
Soil amendment systems (organic vs. conventional) 
can significantly impact plant growth and productiv-
ity (Antonious et al., 2014). Corn plants treated with 
organic fertilizer or microbial inoculant had higher 
Pn under soil water deficits than those treated with 
chemical fertilizers (Xu, 2001). However, although 
leaf gas exchange (Pn, gs and E) did not differ sig-
nificantly across cultivars during the study period, gas 
exchange from the conventional site were higher than 
those from the organic soil (i.e. Pn, gs in 2015 and gs 
and E in 2016) (Table 2). 

Figure 4. Chlorogenic acid and cynarin content for artichoke cultivars grown in conventional or organic soil in 2016. 
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4.2. Yield and head quality

This study showed lower marketable yields in the 
2015 growing season compared to 2016 in both 
soil types (organic and conventional). In addition, 
yield from the conventional site was higher than in 
the organic site in both growing seasons. It is well 
recognized that plant yield is associated with high 
photosynthetic values (Bondada and Oosterhuis, 
2001). Interestingly, the percent increase in market-
able yield from 2015 to 2016 was 31.3% in conven-
tional field and 132% in organic field (Figure 3). One 
reason for this increase in the organic field might be 

attributed in part to the low soil microbial activity 
during the first growing season. Organic fertilizer 
treatments significantly improved soil respiration 
CO2 by 15-fold, from 3.17 to 45.6 mg·l-1, at the end 
of the study period (Table 3). In addition, mean max-
imum and minimum temperatures from Jan. - March 
2015 was lower than in 2016 (Table 4). For example, 
in Jan. 2015, mean maximum temperatures was 16.2 
ºC and minimum was 3.2 ºC. In that month of 2016, 
mean maximum and minimum temperatures were 
17.3 and 4.0 ºC, respectively. Lower temperatures in 
2015 resulted in a lower yield compared to 2016 in 
both fields.

Table 3. Soil chemical properties for artichoke (cv. 12-179) grown in conventional and organic soil at the 
beginning (September, 2014) and the end (July, 2016) of the study period. 

    Soil type   
 Year Soil analysis   Conventional Organic P-value 
2014 pH  7.95 8.43 0.0004 
  EC (µmho·cm-1) 559 341 0.0002 
  NO3-N (mg·l-1) 28.5 5.7 0.0002 
  P (mg·l-1) 54.5 36.0 <0.0001 
  K (mg·l-1) 810 838 0.443 
  Ca+2 (mg·l-1) 12939 15027 0.011 
  Mg+2 (mg·l-1) 333 293 0.006 
  S (mg·l-1) 29.0 15.7 0.0008 
  Na (mg·l-1) 49.5 20.0 0.0005 
  CO2-C (mg·l-1) 2.67 3.17 0.44 
      
2016 pH  8.1 8.2 0.35 
  EC (µmho·cm-1) 359 391 0.51 
  NO3-N (mg·l-1) 22.0 4.8 0.01 
  P (mg·l-1) 61.5 34.0 <0.0001 
  K (mg·l-1) 669 588 0.045 
  Ca+2 (mg·l-1) 10804 11199 0.06 
  Mg+2 (mg·l-1) 307 263 0.012 
  S (mg·l-1) 16.3 15.8 0.65 
  Na (mg·l-1) 28.3 64.3 0.0003 
  CO2-C (mg·l-1) 2.3 45.6 0.0001 
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Globe artichoke is a rich source of phenolic com-
pounds which have been used for therapeutic ef-
fects (Ciancolini et al., 2013). In this study, arti-
choke heads from the organic site had higher con-
centration of chlorogenic acid and cynarin than the 
conventional site. Ibrahim et al. (2013) found that 
organic fertilizer significantly increased phenolic 
compounds, flavonoids, and ascorbic acid content 
in Labisia pumila as compared to chemical fertil-
izer. Phenolic profiles and antioxidant activities 
of Ziziphus jujube grown in organic soil were also 
reported to be higher than those grow by conven-
tional fertilization (Wu et al., 2013).

4.3. Soil chemical properties

Soil amendment using organic system had resulted 
in reductions of soil NO3

-, P, K, Mg+2 and increased 
Ca+2 compared to conventional. An early study 
comparing 21-year results from organic farming 
and conventional systems showed that nutrient in-
puts (N, P, K) in the organic systems was 34 to 51% 
lower than in the conventional systems whereas 
Ca+2 and Mg+2 were higher (30 -50%) (Mäder et al., 
2002). After two years of soil amendments (2014-
2016), Na in organic soil was markedly higher than 
conventional site. Li-Xian et al. (2007) found a 
potential risk for secondary soil salinization when 
high rates of chicken and pigeon manure are ap-

Table 4. Monthly maximum and minimum air temperatures and total precipitation of the study sites during grow-
ing seasons (2015 - 2016).

 

Date 
Temperature  

(Max. oC) 
 Temperature  

(Min. oC) 
 Rainfall  

(mm) 
 2015 2016  2015 2016  2015 2016 
Jan.  16.2 17.3       3.2     4.0  50.3 24.9 
Feb.  17.8 22.9       6.3     7.4  15.5 44.0 
March 20.8 24.5  10.0 12.3  51.8 28.7 
April 26.1 27.4  16.5 15.5  69.3 34.8 
May 28.7 29.4  19.0 18.9      281.0     164.0  

 

plied. This is because external salt is normally 
added to animal diet to increase productivity and 
prevent mineral disorders (Diacono and Monte-
murro, 2015). Therefore, it is highly probable that 
organic fertilizer sources will significantly impact 
soil chemical properties as recently reported for 
animal-based (fish meal, blood meal, and chicken 
manure) or plant-based (alfalfa meal) fertilizers 
(Othman and Leskovar, 2018). 
The remarkable benefit of organic farming is the 
strong and significant increase in microbial activ-
ity and diversity (Mäder et al., 2002). Soil res-
piration in the organic field was 20-fold higher 
compared to conventional site (inorganic fertil-
izer) at the end of the experimental period (July, 
2016). After three years of soil amendment using 
organic and inorganic fertilizers, organic compost 
increased soil CO2 respiration and enzyme activi-
ties compared to mineral fertilizers in vegetables 
grown in field conditions such as tomato (Solanum 
lycopersicum), snap bean (Phaseolus vulgaris) 
and lettuce (Lactuca sativa) (Iovieno et al., 2009). 
Organic farming was also shown to improve soil 
physical properties such as bulk density and pen-
etration resistance, in addition to be a good source 
of macro-nutrients (Bassouny and Chen, 2016; Gil 
et al., 2008). After a long-term (18 years) study 
differing in chemical and organic fertilization pro-
grams, N storage of organic manure treated soil 
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increased by 50% in the 20 cm topsoil over the 
chemical fertilizer NPK (Gong et al., 2011). 
Soil microorganism and biotic parameters (e.g. abun-
dance, diversity, food web structure, or community 
stability) are useful indicators of soil quality (Dorana 
and Zeiss, 2000). Soil microorganisms can potentially 
improve plant growth and fruit quality, decompose 
organic matter and suppress soil-borne diseases (Les-
kovar et al., 2016; Qiu et al., 2012). A recent study 
has shown a close association between soil microbial 
biomass C and the release of CO2 from the top soil 
(Franzluebbers, 2016). For example, the application 
of organic fertilization in an almond field (Prunus 
amygdalus) increased soil organic matter content and 
microbial activity whereas the inorganic fertilization 
resulted in higher release of C and N water soluble 
compounds (Macci et al., 2016). 

Conclusions

Significant differences in plant morphology (plant 
height and width), physiology (SPAD, LAI and gas 
exchange), marketable yield, and head quality (chlo-
rogenic acid and cynarin) were found in globe arti-
choke cultivars grown in conventional and organic 
soils. In the semi-arid to sub-humid conditions of 
southwest Texas, the standard open pollinated cv. Im-
perial Star and the hybrid cv. Romolo had the low-
est marketable yield and head quality. In contrast cv. 
12-179 had a consistent high yield and head quality 
across the study period. Artichoke plants grown in 
conventional fields had higher plant morphology, 
physiology, and marketable yield than in the organic 
field in both growing seasons. Conversely artichoke 
head from organic soil had higher chlorogenic acid, 
(considered a head quality indicator) and soil respi-
ration CO2 (soil health indicator) than conventional 
soil. This 2-year study suggests that short-term con-
ventional farming have a greater capacity to increase 

yield of artichoke compared to organic farming, while 
the latter may be a viable option long-term to improve 
soil and head quality. 
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