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Abstract

Chickpea is rich in protein and carbohydrates, of importance in human food. Currently, its
performance is limited due to a lack of recommendations on fertilization, mainly nitrogen (N) and
phosphorus (P). In this sense, these nutrients can contribute to increase yield, accelerate growth,
biomass accumulation and nutritional quality. The objectives of the study were to evaluate the
effect of N and P on the days to occurrence of phenological phases, grain yield, crop growth,
biomass accumulation and nutritional quality of chickpea. Under seasonal rain conditions in
Huitzuco, Guerrero, Mexico, chickpea was planted on June 1, 2017, with three levels of N (0, 75
and 150 kg N ha) and P (0, 75 and 150 kg N ha); respectively. During the study, the maximum
and minimum temperatures ranged from 31 to 35 °C and 16 to 18 °C respectively, with rainfall of
806 mm. The occurrence of phenological stages was similar between treatments, thus, emergence
occurred 10 days after sowing (dds), flowering at 55 dds and at 120 dds physiological maturity.
With 150 kg of N and P ha* (N150-P150), the highest grain yield was presented (580 g m™), the
highest accumulation of total biomass (490 g m), and the grain was the organ of the plant to which
the amount of accumulated biomass was modified with an increase of 3% in relation to treatments
without N. The average growth rate of the crop was higher with applications of N, while with P the
trend was similar. On the other hand, the nutrient that most influenced to intercept radiation was
N. With N and P, the concentration of proteins and soluble carbohydrates increased mainly.
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Introduction

Chickpea (Cicer arietinum L.) is one of the crops with the highest protein content and economic
importance, making it fifth in the world, where India contributes 75% of production, followed by
Turkey, Pakistan and Mexico, the latter occupies the second place as an exporter and the third in
production (FAOSTAT, 2019; SIAP, 2019).

According to Grelda et al. (1997), chickpea contains on average 69% carbohydrates, 5.3% fatty
acids, 3.9% fiber and 18% protein in total nitrogen. Kaur (2005) mentions that chickpea, in
addition to being an important source of protein and carbohydrates, also provides minerals such
as Ca, Mg, Zn, K, Fe and P, as well as thiamine and niacin. Furthermore, starch is the most
important carbohydrate in chickpea grain and is considered a competitive food in the food
industry (Gofi and Gamazo, 2003). In addition to the above, there are different types of crop
management that contribute to increasing production, the most important is to improve
nutrition.

In this sense, it is necessary to determine the most appropriate dose of fertilization source that
mainly includes nitrogen and phosphorus, nutrients most demanded by the plant (Olaleye et al.,
2011), when these elements are provided in appropriate amounts, greater total biomass production
is favored, increase the yield, number of pods and number of seeds per pod and there is even
research that shows that by applying these nutrients the nutritional quality could be increased,
mainly protein, which would lead to having a food that contributes a higher percentage with the
good eating dish, thus being able to substitute animal protein (Aguilar et al., 2005). The same
author mentions that the increase in performance is the result of intercepted radiation and this in
turn of the size of the plant canopy, which represents the photosynthetic machinery. They also
favor an increase in the leaf area and its duration, a consequence of greater leaf lamina growth
(Escalante and Rodriguez, 2011; Escalante et al., 2014).

The growth analysis is very useful to understand the physiological causes that determine the grain
yield due to the effect of fertilization. In addition, it is necessary to quantify important aspects such
as the speed with which the crop grows, duration of the vegetative cycle, efficiency in the
production of biomass, production speed of it in each phenological phase of the crop and its
distribution in each organ of the plant. For the aforementioned, indices are used, such as the average
growth rate of the crop (TCC). In addition, these measurements are helpful in improving
understanding of the relationships between source and demand, since TCC estimates the rate of
dry matter production per unit area planted per unit time.

Escalante, (1999) reports that the greater growth of the plant canopy increases the interception of
light, which increases photosynthesis and therefore the production of total biomass. On the other
hand, the investigations that are carried out at present are focused on the effect of the environment,
management in the growth and development of the crop, where it is sought to increase the yield,
the above merits evaluating the composition and nutritional quality of said legume. These types of
technologies, in addition to increasing production mainly of grain, can improve nutritional quality,
by increasing protein concentration and lowering fiber content mainly (Galal et al., 2010; Kozera
etal., 2013).
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Therefore, in this work, the study and knowledge of the proximal composition of the chickpea grain
is important, since it is the organ of agronomic interest, in order to quantify the effect of the dose
of nitrogen (N) and phosphorus (P), respectively. Thus, the objectives of the present investigation
were to evaluate the effect of the dose of N and P on: a) the days to occur of the phenological
stages, yield, biomass accumulation, average growth rate of the crop, intercepted radiation and b)
quality nutritious of chickpea grain.

Materials and methods

The study was established in Huitzuco, Guerrero., Mexico (18° 15° N, 99° 09’ W and 1 086 m
altitude). The climate of the region is identified as AWy (w) (i) g, which corresponds to warm sub-
humid with rains in summer. The chickpea genetic material was regional creole white. On June 1,
2017, the population density of 15 plants m? was planted. The treatments consisted of the
application of 0, 75 and 150 kg of N and P ha! (NO, N75 and N150; PO, P75 and P150,
respectively). The combination of N and P,Os generated nine treatments. All the P and half of N
were applied at 20 days after sowing (dds) and the rest at 45 dds. The sources used were ammonium
sulfate (20.5% N) and triple calcium superphosphate (46% P).

The experimental design was randomized blocks arranged in divided plots with four replications.
During the crop cycle the maximum temperature (Tmax, °C) and minimum (Tmin, °C) and
accumulated precipitation (mm) were recorded, the data were obtained from the 12115 Huitzuco
(DGE)-GRO weather station (18° 30’ north latitude and 99° 32’ west longitude). The phenological
phases were also recorded, which were: days to emergence (E), to beginning of flowering (R1),
beginning of fruiting (R2), end of fruiting (R3). To obtain the chickpea yield (RG, g m?), the
harvest was performed at 120 dds.

The total biomass (BT, dry matter g m) of each plant organ (stems, leaves, leaflets and grain) was
also recorded. For this, the samples were dried at 75 °C in a forced air oven to constant weight.
With these data, the absolute growth rate (TCC) was calculated, for the same periods (25.50, 75
and 100 dds), using the equation: TCC= [(PS2-PS1) / (T2-T1)], where: PS; and PS; indicate the dry
weight of the plant at times T» and Ty respectively (Hunt, 1990).

To estimate the intercepted radiation (IR) by the plant canopy for 25, 50, 75 and 100 dds, the
following equation was used: IR= RFA (1-e¥"'AF), where RFA is the photosynthetically active
radiation incident in the canopy (MJ m), e= exponential, -k= light extinction coefficient. A
regression analysis was also performed to determine the relationship between biomass production
and IR.

The nutritional quality of the chickpea grain (minerals, soluble carbohydrates, proteins, fats, crude
fiber, acid detergent fiber (FDA), neutral detergent fiber (FDN), hemicellulose, lignin and silica,
all in%) was determined by chemical analysis proximal (Sosa, 1979), in the animal nutrition
laboratory of the zootechnics department of the Autonomous University Chapingo (UACH).
Previously, the dried chickpea grain samples were crushed in an electric mill (Janke and Kunkel
Inka Model Kb 5/10®, Germany) with a 50 pum sieve.
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The variables were statistically analyzed with the SAS version 9.0 package and the Tukey mean
comparison test at 5% probability was applied to the differences between treatments (SAS,
2003).

Results and discussion
Climate and phenology

In Figure 1, which shows the maximum temperature (Tmax), minimum temperature (Tmin) (10-
year average) and seasonal precipitation (10-year sum), it is observed that during the cultivation
cycle the Tmax ranged between 31.3 and 35.8 °C and Tmin between 16.1 to 18.2 °C. The highest
Tmax occurred in the first ten after emergence (E), while the lowest Tmin occurred in the ten 12.
Total accumulated precipitation from planting (S) to physiological maturity (RH) was 806 mm, of
which, 458 mm (56%) occurred from S to the beginning of fruiting (R2).
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Figure 1. Maximum, minimum temperature (average 10-year) and precipitation (10-year sum) during the
chickpea cultivation cycle and occurrence of phenological phases. S= sowing; E= emergency; R1= start
of flowering; R2= beginning of fruiting; R3= end of fruiting and RH= physiological maturity. J= June; J=
July; A= August. Huitzuco, Guerrero. Summer 2017.

According to Bejiga and VVan Der Maesen (2006) the climatic conditions of both temperature and
precipitation occurred in this study were appropriate for chickpea cultivation since the appropriate
temperature range is from 10 to 25 °C with an optimum of 20 °C. The occurrence of the
phenological phases was similar between treatments. Thus, emergence (E) appeared ten days after
sowing (dds), start of flowering (R1) and 55 dds, end of fruiting (R3) at 100 dds and physiological
maturity (RH) at the 120 dds (Figure 1).
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A similar response is reported by Apéaez et al. (2016) where the occurrence of the phenological
phases was not modified by the effect of nitrogen application. Contrasting results have already
been reported in other legumes such as beans, where according to Abayomi et al. (2008), with
application of N and P, the cultivation cycle was reduced by 6 days.

Grain yield

The grain yield (RG) presented significant changes due to the effect of N and P (Figure 2) and the
N = P interaction (Figure 3). The highest RG was achieved with the highest level of N (N150),

whose increase is 44% in relation to the control (NO). Regarding P, the high dose (P150) generated
an increase of 59% in relation to the control (PO).

Regarding the combined effect, N150-P150, followed by N75-P150 and N75-P150, which allowed
increasing the RG in relation to NO-PO by 450, 410 and 403 g m2 (Figure 2). The higher RG with
N150 is attributed to the fact that the application of this nutrient delays leaf senescence, with which
the duration of the leaf area is greater and therefore the production of photosynthates increases and
a higher yield is generated (Escalante et al., 2014).
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500 A RG, N = 350 + 1.4N - 0.0024N?; R2 = 0.99**
450 -
400 -
350
300 - RG, P =279 + 2.5P - 0.0095P2 ; R2 = 0.99**
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Figure 2. Grain yield (RG) of chickpea for main factors: nitrogen (N) and phosphorus (P). Huitzuco,
Guerrero. Summer 2017.

On the other hand, Caliskan et al. (2008), indicate that this nutrient increases the rate of
photosynthates and chlorophyll pigments and therefore the leaf area. With the above, a better
use of water by the plant is achieved, this is important under seasonal rain conditions where
this resource is limiting. Furthermore, by having a larger leaf area, the use of solar radiation is
more efficient (Garcia et al., 2002). Regarding the effect of P, Muhammad et al. (2008), report
that the addition of P generates greater leaf area in crops such as soybeans, chinese beans and
mung.
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Grain yield (RG) of chickpea as a function of the combined effect of nitrogen (N) and

phosphorus (P). DSHo0s= honest significant difference at 5% probability. Huitzuco, Guerrero.
Summer 2017.

Total biomass and its distribution in the plant

The total

biomass production (BT) presented significant changes due to the effect of N, P and the

N = P interaction, while the distribution to the plant organs was only affected by N (Figure 4). The

highest BT was generated with N75-P150 and N150-P150, with increases of 26 and 45% compared
to the control (NO-PO). A similar response was found by Bernal et al. (2007) in common beans
found increases of 46 to 66% in BT with phosphorus.
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Total biomass and its distribution in the chickpea organs as a function of nitrogen and
phosphorous levels. NO= 0, N75= 75 and N150= 150 kg of N ha, P0= 0, P75= 75 and P150=
150 kg P ha. DMSq0s= minimum significant difference. Huitzuco, Guerrero. Summer 2017.

1278



Rev. Mex. Cienc. Agric. vol. 11 num.6 August 14 - September 27, 2020

The application of N modified the distribution of BT in the plant, by reducing the accumulation
of DM in the grain as the dose of N increased. With the application of N150, an increase of 3%
of DM towards the grain was observed compared to the control treatment (NO). This response
is attributed to the fact that N greatly favored the growth of the plant canopy and that, therefore,
there is a greater source of photosynthates (Fageria and Baligar, 2005). The application of N75
and N150 decreased the biomass towards the stem by 7 and 6% in relation to the control
(Figure 4).

Average growth rate of the crop

In general, the highest biomass accumulation per day occurred at 75 dds. N significantly stimulated
the absolute growth rate (TCC), presenting the highest values with N150 (6.7 g m day™), followed
by N75 (5.2 g m? day?) and the lowest with the control (NO, 3.3 g m*? day™). According to the
regression model, the highest BT accumulation was achieved with N150 with a production of 0.32
g m2, while at NO it generated the lowest TCC (0.17 g m) (Figure 5).

On the other hand, P also significantly stimulated TCC, presenting the highest values with P150
(5.8 g m2 day™), followed by P75 (5.2 g m day™) and the lowest with the control (PO, 4.3 g m™
day). According to the regression model, the highest BT accumulation was achieved with P150
with a production of 0.29 g m, while at PO it generated the lowest TCC (0.24 g m™) (Figure 5).
The increase in TCC with N is related to a larger canopy size measured through the number of
green leaves, leaf area index and longer leaf area duration and, consequently, a higher IR.
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Figure 5. Dynamics of the average growth rate of the crop (TCC) in chickpea as a function of nitrogen
(A1) and phosphorus (A2). DSHoes= minimum significant difference. Huitzuco, Guerrero.
Summer 2017.

Similar trends are reported by Apaez et al., 2014 in chinese beans when presenting the highest
values for TCC with the application of N150 and P150 (0.31 and 0.29 g m day*, respectively).
On the other hand, Escalante and Rodriguez (2014) in beans with application of N100 and P100,
the TCC was higher than the control, from 30 to 80 days, similar to what was found in this study.
This indicates that, in order to achieve greater biomass production, one must seek a larger canopy
size and growth rate of the crop.
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These results are attributed to the crop growth rate (TCC) which is considered an index of
agricultural productivity, since it measures the weight gain of a plant community per unit area of
soil (Castellanos, 2010). Furthermore, Escalante (1999) mentions that the increase in growth rates
is related to greater biomass accumulation and higher grain yield.

On the other hand, the positive effect of N and P can be related in part to the low initial level of N-
inorganic (0.11%) and P (14 ppm) in the soil. Therefore, by supplying fertilization with inorganic
sources of N and P, the leaf area is increased and consequently the absorption of water and nutrients
from the soil solution. This caused a larger canopy size, which according to Apéez et al. (2014)
could allow to increase the interception of solar radiation, photosynthetic activity and consequently
a higher RG.

Intercepted radiation

For the treatments studied, the intercepted radiation (IR) by the plant canopy during the crop
cycle showed a positive relationship, which responded to a second degree polynomial (Figure
6). In this sense Apaez et al. (2014) in Chinese beans report that there is a positive response to
BT and IR with the addition of the highest dose of N and P (N150 and P150). In relation to the
above, there are data on other crops such as sunflower where a high relationship between BT
and IR production has been found (Escalante, 1999). With the use of N, the efficiency in the
use of radiation was higher, as can be seen in the coefficient of determination of the regressions
presented.

Similar trends are reported by Morales et al. (2007) with the application of N and P. In the present
study, P also caused increases in the efficiency in the use of radiation, but to a lesser degree than
N (Figure 6). In summary, these results indicate that, with the application of N and P, the efficiency
in the use of radiation increases, which is related to a greater and earlier ground cover by the plant
canopy, attributable to a higher TCC.
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Figure 6. Total biomass as a function of intercepted radiation for nitrogen and phosphorus. NO= 0,
N75= 75 and N150= 150 kg of N ha?, P0= 0, P75= 75 and P150= 150 kg P ha™. Huitzuco,
Guerrero. Summer 2017.
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Chickpea grain nutritional quality

N caused significant changes in the content of minerals, protein, fats, crude fiber (FC), soluble
carbohydrates (CS), neutral detergent fiber (FDN), acid detergent fiber (FDA) and hemicellulose.
While P in fats, CS, silica and hemicellulose. The N = P interaction in minerals, proteins, fats, FC,

CS, FDN, FDA, silica and hemicellulose (Table 1).

Table 1. Analysis of variance of the nutritional quality components for chickpea grain according
to the N and P. Huitzuco, Guerrero. Summer, 2017.

Factor Minerals Proteins Fats Crude fiber CS
N ko skk skk £ £
P ns ns - ns **
Factor FDN FDA Lignin Silica Hemicellulose
P ns ns ns : **

*

, " =p<0.01 and 0.05, respectively; ns = not significant; N= nitrogen; P= phosphorus; CS= soluble carbohydrates;
FDN= neutral detergent fiber and FDA= acid detergent fiber.

On average, 100 g of grain provide 3.5% of minerals, 1.6% of fats, 5.5% of raw fiber, 59.9% of
soluble carbohydrates, 20.5% of FDN, 8.3% of FDA, 8.5% of lignin, 2.1 of silica and 29.2% protein
(Tables 2 and 3). These values are higher than those reported by Danuta et al. (2015). Therefore, it
is a food rich in proteins superior to common beans, which has ranges from 18 to 23% (Abubaker,
2008).

Table 2. Nutritional analysis (%) of dry weight of dry chickpea grain as a function of nitrogen
(N) and phosphorus (P). Huitzuco, Guerrero. Summer 2017.

N P Minerals Protein Fats Raw fiber CS
0 0 3.1bc 28 ¢ 1.2d 5.1d 58.5 ef
75 3.2bc 28.2¢c 1.2d 51d 57.8 bed
150 3.3ab 28.5¢ 1l.4cd 5.2 cd 579f
75 0 3.3bc 28.8 bc 1l.4cd 5.4 cd 59.1 def
75 35b 28.9 bc 1l.4cd 5.4 cd 59.5 cde
150 3.7 ab 29.7 ab 15¢c 5.4 cd 60.7 abc
150 0 3.8ab 29.8 ab 18b 5.6 bc 61.3 ab
75 3.9ab 30.2a 18b 6a 61.8a
150 4.1a 30.3a 2a 6a 61.8a
General mean 3.5 29.2 1.6 55 59.9
DSH, 0.43 1.2 0.12 0.44 1.4
CVv 3.83 1.73 3.3 3.35 0.99

Different letters in the same column indicate significant differences, according to Tukey (o= 0.05); DSHo.05= honest
significant difference at 5% probability. CV= coefficient of variation; CS= soluble carbohydrates.
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Table 3. Nutritional analysis (% of dry weight) of the dry grain of chickpea as a function of
nitrogen (N) and phosphorus (P). Huitzuco, Guerrero. Summer 2017.

N P FDN FDA Lignin Silica Hemicellulose
0 18.3d 74 e 8.1a l4e 14.8 a
0 75 19.7 ¢ 74 e 8.8a 1.7 be I1.1¢
150 19.8 ¢ 7.6¢ 84a l4e 11.7 be
0 20.1 be 8.1d 8.7a l4e 12.2 be
75 75 20.5 be 8.2d 8a 1.5de 12.2 be
150 20.5 be 8.3 cd 85a 1.7 be 12.6 be
0 21.2 ab 8.5¢ 85a 1.7 bd 13b
150 75 21.5ab 9b 8.6a 1.9 ab 13b
150 22.2a 94a 8.6a 2.1a 148 a
General mean 20.5 8.3 8.5 1.6 12.2
DSH, . 1.43 0.32 0.9 0.23 1.44
Cv 2.94 1.64 4.51 4.01 4.95

Different letters in the same column indicate significant differences, according to Tukey (0= 0.05); DSHo.0s= honest
significant difference at 5% probability; CV= coefficient of variation; FDN= neutral detergent fiber and FDA= acid
detergent fiber.

With the application of N150-P150, the highest values of minerals, proteins, fats, crude fiber, CS,
FDN, FDA, silica and hemicellulose were presented in relation to NO-PO (Tables 2 and 3). A similar
response is reported by Alajaji and Adawy (2006), with a variation of 5.2% in protein content due
to the effect of N. In other legumes such as common beans, the concentration of proteins increased.
On the other hand, fertilization with N and P decreased the digestibility of the grain, by increasing
the content of crude fiber, FDA and silica. Similar trends are reported in broad beans, as the crude
fiber content increased by 0.48% (Galal et al., 2010).

With the application of N and P, the content of minerals, proteins, fats, FC, CS, FDN, FDA, silica
and hemicellulose was improved (Tables 2 and 3). In this sense, fertilization with inorganic sources
improves the nutritional quality of chickpea, mainly protein. With the combination N150-P150,
N150-P75 the highest content of minerals, proteins, crude fiber, fats, CS, FDN, FDA, silica and
hemicellulose was achieved (Tables 2 and 3). Thus, with these treatments, in addition to generating
the highest RG, there is also a better nutritional quality.

Conclusions

The level of N and P did not modify the time to the occurrence of the phenological stages, but the
grain yield, biomass accumulation, average growth rate of the crop, intercepted roots and nutrient
content. The highest grain yield, biomass accumulation, average growth rate of the crop and
intercepted roots are achieved with the N150-P150 combination. High doses of N and P increased
the nutritional quality of the chickpea grain, by increasing the content of minerals, proteins, crude
fiber, carbohydrates, FDN, FDA and lignin.
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