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Abstract 
Nitrogen fertilization and supplying of water are crucial factors for quality and quantity produces of coriander. 
The objective of this study was to evaluate morphological and ecophysiological characteristics for coriander 
under five irrigation depths and two doses of nitrogen (N). Experimental layout was completely randomized 
design in a split plot scheme with five replications. The irrigation depths (plot) was 25, 50, 75, 100 and 125% of 
crop evapotranspiration (ETc). The doses of N (subplot) corresponded to 35 and 70 kg ha-1. The cultivation of 
coriander (“Vedete”) was in a protected environment. The ratio between the aerial part and roots linearly 
increased with the increment of the irrigation depths and was highest under 70 kg ha-1 of nitrogen. The leaf area 
index linearly increased with the increment of the irrigation depths at both doses of N. The leaf index of 
chlorophyll “a” was highest under irrigation depths of 87 and 75% of ETc for 35 and 70 kg ha-1 of N, 
respectively. The leaf index of chlorophyll “b” decrease linearly with the increase of irrigation depths in both 
doses of N. The nitrogen use efficiency was maximized with high soil moisture conditions. The water use 
efficiency decreases linearly with increasing of irrigation depth. The best irrigation depth and nitrogen dose 
obtained in this study was 125% of ETc and 70 kg/ha. The leaf index of chlorophyll “a” and “b” are important 
indicators of hydric stress. The leaf index of chlorophyll “b” are negatively correlated with leaf area index. N 
supply increase the water use efficiency. 
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1. Introduction 
The coriander (Coriandrum sativum L.), a member of Apiaceae family, is an important herbaceous-horticultural 
annual spices and medicinal plant. Original from the Mediterranean, it is cultivated in the entire world due 
culinary and industrial uses mainly by strong and typical aroma. For this plant, leafs are used in many regional 
dishes and seeds are natural sources of essential oils such as limonene, β-cymene, linalool, α-Terpineol, nerol 
and geraniol (Hassan & Ali, 2013; Hani et al., 2015). Furthermore, the seeds compose several condiments and 
cosmetics (Diwan et al., 2018). 

Nutrients fertilization, mainly nitrogen (N), has great importance in quality and quantity of coriander produce 
(Diwan et al., 2018; Angeli et al., 2016). N is necessary for protein synthesis and the N leaf status is frequently 
measured by chlorophyll contents through indirect methods as leaf chlorophyll index (Andrade et al., 2017). 

The response of coriander to nitrogen fertilization depends primarily of soil water conditions (Bhunia et al., 2009; 
Carruba, 2009). Deficit irrigation in coriander reduces leafs (Drunasky & Struve, 2005) and seeds (Kumar et al., 
2008) production and the critical crop phenology are flowering (Kumar, 2008). Water requirement depends 
predominantly on the edaphoclimatic conditions and crop phenology. However, was demonstrate that coriander 
growing are maximized at higher (> 100%) irrigation depths (Angeli et al., 2016; Hassan & Ali, 2013). 

The interaction of irrigation depth and nitrogen fertilization is not clear for cultivation of coriander. However, the 
objective was to evaluate morphological and ecophysiological characteristics for coriander under five irrigation 
depths and two doses of nitrogen. 
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2. Method 
2.1 Experimental Conditions 
Coriander (“Vedete”) was cultivated under five irrigation depths and two doses of nitrogen during September and 
October 2014 at Experimental Horticulture of the Department of Plant Science, in the Federal University of 
Viçosa (UFV), in Viçosa, Brazil (20º45′ S, 42°52′ W and 648 m). The cultivation was in a protected environment 
(7.0 × 24.0 m) with anti-aphids screen on the sides and a transparent plastic cover (40 μm). The soil was Argissol 
with physical, hydric and chemical characteristics show in Table 1. 

 

Table 1. Chemical, physical and soil water characteristics in the experimental area Viçosa, Minas Gerais, Brazil, 
2014 

Depth (cm) 0-20 Depth (cm) 0-20 

pH in H2O 6.30 V (%) 81.00 

P (mg dm-3) 126.10 MO (dag kg-1) 3.10 

K (mg dm-3) 189.00 P-rem (mg L-1) 34.30 

Ca (cmolc dm-3) 7.30 θFC (m3 m-3)1 0.40 

Mg (cmolc dm-3) 1.50 θWP (m3 m-3)2 0.25 

Al (cmolc dm-3) 0.00 Clay (dag kg-1)3 33.0 

H+Al (cmolc dm-3) 2.15 Silt (dag kg-1)3 19.0 

T (cmolc dm-3) 11.40 Sand (dag kg-1)3 48.0 

Note. 1Field capacity. 2Permanent wilting point. Textural classification according to the Brazilian Society of Soil 
Sciences (Santos et al., 2005). P, K, Fe, Zn, Mn and Cu available, extracted by Mehlich. Ca, Mg and 
exchangeable Al extracted with KCl 1.0 mol L-1. Potential acidity at 7.0 pH, extracted with calcium acetate 1.0 
mol L-1. B extracted with hot water.  

 

The sowing was performed on 19 September 2014 in polyethylene trays of 200 cells (three seeds for cell). The 
substrate used was Carolina®, Standard II, with electrical conductivity of 1.5 mS cm-1. The transplanting was 
carried out fifteen days after sowing, when the seedlings had the first pair of definitive leaves. The spacing 
adopted was 0.20 × 0.05 m in beds with 1.2 m wide and 3.0 m long. Each experimental unit corresponded to a 
total area of 0.60 m2, and the useful area considered was 0.24 m2.  

It was applied 133 kg/ha of monoammonium phosphate (MAP) (45% P2O5 and 9% N) at transplanting. The 
nitrogen source was urea and was it applied in two covering fertilization, the first at 10 and the second at 20 days 
after transplanting. There was not need to correct the soil acidity.  

2.2 Experimental Design 
Experiment layout was completely randomized design in a split plot scheme with five replications. The irrigation 
depths corresponding to 25, 50, 75, 100 and 125% of the crop evapotranspiration (ETc) were evaluated in the 
plots. The doses of 35 (N1) and 70 (N2) kg ha-1 of nitrogen (Oliveira et al., 2003) were evaluated in the subplots. 

The ETc was estimated through climatic variables (Allen et al., 1998, Angeli et al., 2016; Freitas et al., 2017). 
The initial, medium and end Kcb were 0.15, 1.15 and 0.70, respectively (Allen et al., 1998). The period of the 
initial, intermediate, middle and final crop phenology stages were 70, 186, 310 and 360 degree days, respectively, 
considering as basal temperature of 12 ºC. The equation is as follows: 

ETc = ET0 × (Kcb·Ks + Ke)                                (1) 

Where, ETc is coriander evapotranspiration (mm d-1), ET0 is reference evapotranspiration (mm d-1), Kcb is 
coriander basal coefficient, Ks is stress coefficient and Ke is water coefficient of evaporation in soil.  

Five days after the transplanting was implemented the irrigation depths. It was used drip irrigation with a flow 
rate of 1.13 L h-1, operation pressure of 80 kPa and Christiansen uniformity coefficient of 97.9%. The spacing 
between emitters was 0.30 × 0.20 cm, resulting in an application intensity of 14.07 mm h-1. 

2.3 Measurements 
The aerial part (leafs and stem) and roots were collected from five plants when they achieved a commercial size 
(height of 0.2 to 0.3 m). Both parts were dried at 70 °C to constant mass. Posteriorly was obtain the ratio AP/R, 
reason between dry masses of the aerial part (AP) and roots (R).  
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The leaf area was determined with scanner (LI-COR BIOSCIENCE., model LAI 3001, Nebraska, USA). 
Subsequently, the leaf area index (LAI) was calculated by the reason between the leaf area and the surface soil 
area occupied by the plant.  

Leaf index chlorophyll “a” (LICa) and “b” (LICb) were estimated by a portable electronic chlorophyll measurer 
(FALKER, model CFL 1030, Porto Alegre, Brazil). The leaf index of chlorophyll ranged from 0.0 to 100.0 with 
a resolution of 0.1. It was realized three measurements in each five healthy plants for experimental unit.  

Nitrogen use efficiency (NUE) and water use efficiency (WUE) were obtained by the Equation 2 and 3. 

NUE	=	 AP

N
                                      (2) 

WUE	=	 AP

VW
                                      (3) 

Where, NUE is nitrogen use efficiency (kg kg-1), WUE is water use efficiency (kg m-3), AP is dry mass of aerial 
part (kg ha-1), N is dose of nitrogen (kg ha-1) and VW is applied volume of water (m-3). 

2.4 Statistical Analysis 
The values of the response variables were analyzed by regression analysis. For this, the models were selected 
based on the significance of their terms, in the t test at the probability of 0.01, 0.05 and 0.10, in the coefficient of 
determination and on the agronomic meaning of the variable. 

2.5 Climatic Conditions 
The data of air temperature, air relative humidity, solar radiation and evapotranspiration were obtained from a 
meteorological station installed in the experiment. 

The ranged of air temperature was from 22.6 to 26.3 °C, air relative humidity was from 75 to 89%, the solar 
radiation was from 53 to 162 W m-1 and the reference evapotranspiration (ET0) was from 1.2 to 3.3 mm d-1 
(Figures 1A and 1B). 

 

 
Figure 1. Maximum, average and minimum temperature; air relative humidity (A). Solar radiation and reference 

evapotranspiration (ET0) (B), during the experiment 
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The Figure 2 shows the water soil balance in the irrigation depth of 100% of ETc. The soil moisture remained in 
the interval comprised between the field capacity and the safety humidity during the experimental period. 

 

 
Figure 2. Walter balance for the irrigation depths corresponding to 100% of the ETc during the experimental 

period 

 

3. Results 
3.1 The Effect of the Irrigation Depths and Nitrogen Fertilization on Plant Morphology 

The ratio, between dry mass of the aerial part and roots, AP/R linearly increased with the increment of the 
irrigation depths. The ratio AP/R was 10.9 and 14.9 g g-1 for N1 and N2, respectively in irrigation depth of 125% 
of ETc. Moreover, this increasing was more expressive under the higher dose of N (Figure 3A). 

 

 
Figure 3. Ratio between dry mass of the aerial part and roots (A) and leaf area index (B) as a function of 

irrigation depths (% of ETc) and doses of nitrogen (kg ha-1). ***, ** significant at 0.01 and 0.05 by the test t of 
Student, respectively 

 

The leaf area index (LAI) linearly increased with the increment of the irrigation depths at both doses of N 
(Figure 3B). The LAI was 4.0 and 4.2 m2 m-2 for N1 and N2, respectively in irrigation depth of 125% of ETc. 
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2***

100

2***
50





Irrigation depth  (% of ETc)

0 25 50 75 100 125 150

L
A

I 
(m

2  m
-2

)

1.0

2.0

3.0

4.0

5.0 35 kg ha-1 N

70 kg ha-1 N

9266.0rL0.01152.8720Ŷ
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3.2 The Effect of the Irrigation Depths on Chlorophyll a and b 

The leaf index of chlorophyll “a” (LICa) was highest under irrigation depths of 87 and 75% of ETc for N1 (35.2) 
and N2 (36.4), respectively (Figure 4A). 

 

 

Figure 4. Leaf index of chlorophyll “a” (A) and “b” (B) as a function of irrigation depths (% of ETc) and doses 
of nitrogen (kg ha-1). **, * significant at 0.05 and 0.10 by the test t of Student, respectively 

 

The leaf index of chlorophyll “b” (LICb) decrease linearly with the increase of irrigation depths in both doses of 
N (Figure 4B). 
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The nitrogen use efficiency (NUE) was maximized (64.5 and 38.4 kg kg-1) under irrigation depths by 94 and 
97% of ETc for N1 and N2, respectively. Furthermore, the increment of 100% of N dose increased NUE by only 
70% (Figure 5A). 
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Figure 5. Nitrogen use efficiency (A) and water use efficiency (B) as a function of irrigation depths (% of ETc) 

and doses of nitrogen (kg ha-1). ***, ** and * significant at 0.01, 0.05 and 0.10 by the test t of Student, 
respectively 

 

The water use efficiency (WUE) decreases linearly with increment of irrigation depths. The WUE was maximum 
under 25% of ETc, with values of 6.0 and 7.5 kg m-3 for N1 and N2, respectively (Figure 5B). 

4. Discussion 

In the cultivation of coriander is interesting for farmers maximize the reason AP/R. This reason provides 
evidence about the photoassimilates direction in the plants. Increment of water application was favorable to 
growing of leafs and stems than roots. Adequate soil moisture favorable to leaf transpiration and, as consequently, 
growing of leafs and stems (Hassan & Ali, 2014). Contrarily, low soil moisture caused a plant morphological 
adaptation. The coriander reduce considerable the growing of aerial part for increase root development to found 
water (Hassan & Ali, 2014). This information is crucial for irrigation management at the farmer level. 

The N supply was determinant for the proportionality of the reason AP/R in rice (Ren et al., 2015) and wheat 
(Pietro-Souza et al., 2013). These authors observed considerable reducing of root development with N applying. 
For coriander, was observed growing of branches, leafs and umbels for adequate N applying (Angeli et al., 2016; 
Bhunia et al., 2009; Pooja & Yadav, 2017). The N improves photosynthesis, rate of water uptake and root 
hydraulic conductance accompanied by aquaporin activity for rice crop (Ren et al., 2015). 

Leaf area is correlated with biomass and seed production in coriander (Yeganehpoor et al., 2017). On leafs 
important physiological processes occur such as photosynthesis, respiration and transpiration. These processes 
are dependents of stomatal opening, which is closely correlated with soil moisture (Valença et al., 2018; Mu & 
Fang, 2017). Undoubtedly, the condition of high soil water depletion is unfavorable to growing of coriander. 
Under low soil moisture, the transpiration reduce drastically, consequently decrease the assimilation of CO2 (Mu 
& Fang, 2017), resulting in low leaf area development. 

Under moderate soil water deficit, maybe the coriander produce more chlorophyll “a” in order to maximize the 
efficiency of solar radiation absorption or it is possible that occurs the effect of concentration due to the lower 
growth observed for the leafs (Valença et al., 2018). However, under severe soil water deficit can increase the 
degradation of chlorophyll “a” (Valença et al., 2018) as observed in arugula (Freitas et al., 2017) and sweet 
potato (Delazari et al., 2018). Low chlorophyll “a” means decreasing of photosynthesis efficiency and 
consequently, less biomass accumulation. 

N
U

E
 (

kg
 k

g-1
)

0

20

40

60

80

100

35 kg ha-1 N

70 kg ha-1 N

9858.0RL0018.0L0.349121.4472Ŷ
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22****

100

22**
50





Irrigation depth  (% of ETc)
0 25 50 75 100 125 150

W
U

E
 (

kg
 m

-3
)

2.0

4.0

6.0

8.0

10.0

35 kg ha-1 N

70 kg ha-1 N

9955.0rL0.03708.4452Ŷ
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Satisfactory N supplying result in more leaf chlorophyll content (Sen et al., 2016). This occurs due increasing of 
enzymes production manly the Rubisco, which increase the demand of chlorophyll (Taiz & Zaiguer, 2015). 

The LAI was correlated negatively with LICb (r2: -0.84, P: 0.027). Probably, occur the effect of concentration of 
chlorophyll “b” (Valença et al., 2018). Possibly, the chlorophyll “b” is more resistant to degradation than 
chlorophyll “a” and can be an important index of hydric stress. However, contrarily to these results, in literature 
was observed decreasing in sugarcane (Gonçalves et al., 2017) and wheat (Al-Ghzawi et al., 2018) or not effect 
in Thymus daenensis (Bahreininejad et al., 2013) on chlorophyll “b” under soil hydric deficit. 

Similar to leaf chlorophyll “a”, adequate N supplying result in more leaf chlorophyll “b” content. Nitrogen being 
a major plant nutrient plays a major role in chlorophyll synthesis (Ren et al., 2015), photosynthetic activity (Ren 
et al., 2015) and crop growth (Angeli et al., 2016; Freitas et al., 2017).  

The NUE is not proportional to N dose because the efficiency of N uptake decrease when increases the N supply 
(Bhunia et al., 2009) or because occurs loss by sublimation, denitrification, leaching (Mossavi, 2012). Moreover, 
high frequency of irrigation enhance the N uptake, which consequently improved the crop growth (Bhunia et al., 
2009). 

The lower WUE allied with increment of irrigation depths (Hassan & Ali, 2014) could be due to a greater loss of 
water by evaporation than the corresponding increase of biomass (Allen et al., 1998). Higher N fertilization 
improve plant dry matter accumulation, manly due leaf grown (Angeli et al., 2016; Moosavi, 2012) increasing 
the WUE. Furthermore, high dose of N is linked with highest net return (Singh et al., 2018; Bhunia et al., 2009). 
In same crops it is possible used the regulated deficit irrigation for lower cost and high the WUE (Coelho et al., 
2018). In this context, Angeli et al. (2016) suggest that products with high WUE should be paid differently, 
especially with the current situation of water available. 

5. Conclusion 
The treatment corresponding to 125% of ETc was the best irrigation depth, resulting in a greater relationship 
between the mass of the aerial part and mass of roots. The dose of 70 kg/ha of nitrogen provided the best result. 
The leaf index of chlorophyll “a” and “b” are important indicators of hydric stress. The leaf index of chlorophyll 
“b” are negatively correlated with leaf area index. The leaf index of chlorophyll “b” decrease linearly with the 
increase of irrigation depths in both doses of nitrogen. The nitrogen use efficiency was maximized with high soil 
moisture conditions. The water use efficiency decreases linearly with increasing of irrigation depth. Nitrogen 
supply increase the water use efficiency. 
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