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ABSTRACT

BACKGROUND: Mineral nutrition is one of the most important factors affecting plant
growth and productivity, also growth analysis is a way to assess what events occurs during
plant growth.

OBJECTIVES: The goals of this study were to investigate the effect of different level of
nitrogen fertilizer and zinc sulfate on growth indices of Green bean.

METHODS: Current research was conducted according split plot experiment based on
randomized complete blocks design during summer of 2012 with three replications. The
main plots consisted of four level of nitrogen form source of urea (N;: 0, Ny: 30, Ns: 60,
Nu: 90 kg.ha™) and four levels of zinc sulfate (Z;: 0, Zy: 10, Z3: 20 and Z4: 30 kg.ha™) be-
longed to sub plots.

RESULT: According result of growth analysis the highest amount of total dry matter (800
gr.m™), leaf area index (4.21), crop growth rate (27.35 gr.m™>.day"), relative growth rate
(0.037 gr.gr'.day") and net assimilation rate (6.7 gr.m™.day"') was belonged to Ny treat-
ment and the lowest amount of treatments was for control.

CONCLUSION: Final result of current study revealed use of 90 kg.ha' nitrogen with con-
sume zinc sulfate treatment led to achieve maximum level of growth indices in compare to
another treatments and can advise to farmers in studied region.
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1. BACKGROUND

In many developing countries, pro-
tein rich foods, such as meat, milk, fish
are still quite expensive; hence, many
people still suffer from malnutrition.
For this reason, most of food scientists
are doing an effort that focusing on leg-
umes to be developed as source of non-
conventional protein (Adeniji and
Ehiermere, 2003). Grain legumes are a
major source of protein in human and
animal nutrition and play a key role in
crop rotations in most parts of the
world. When grown in rotation with
other crops, under certain environ-
mental conditions, they can improve
soil fertility and reduce the incidence of
weeds, diseases and pests (Albayrak et
al., 2006). Snap bean or ‘French bean’
(also referred to as green beans or string
beans) is a strain of common bean,
(Phaseolus vulgaris L), which is grown
as a cash crop at large scale and small-
holder farmers. So, snap bean is an im-
portant vegetable crop for local con-
sumption and export (El-Awadi et al.,
2011). Green bean is an important vege-
table crop widely used as a protein
source and for other nutrients in many
developing countries. The total world-
wide cultivated area of green beans is
1,527,613 hectares, producing
21,720,588 tons, as reported by FAO
(2017). Among different commercial
crops, green beans have the highest
level of protein contents. There are fa-
vorable light and moisture conditions in
Iran to plant such crops; sunny summers
and cool nights as well as high-quality
soil of Iran have prepared an ideal con-
dition for planting and producing green
beans, as the yield of this crop in Iran is

2.5 times more than the world average;
in other words, the average yield of
green beans in the world is 810 kg.ha™,
while in Iran it is 1800 kg.ha'
(Ghasempour and Ashori, 2014). Min-
eral fertilizers application is essential
for plant growth, development and pro-
ductivity of snap bean plants. With fer-
tilizers, farmers can produce more food
and cash crops of better quality, espe-
cially in the low soil fertility which has
been over-exploited. Nitrogen is one of
the 17 chemical elements required for
plant growth and reproduction. On the
other hand, frequent or excessive
amounts of nitrogen fertilizer would led
to un-favorite effect on the growth and
yield of snap bean plants and will lead
to increase the losses of nitrogen fertil-
izer. So, the adequate amounts of nitro-
gen fertilization led to improve growth,
yield and quality of pods (El-Awadi et
al., 2011). The growth and yield of a
crop can be adversely affected by defi-
cient or excessive supply of any one of
the essential nutrients. However, in in-
tensive agriculture nitrogen is the major
nutrient which determining crop yield.
Nitrogen as an essential constituent of
cell components having direct effect on
growth, yield and quality of crop. Plant
growth is affected more due to defi-
ciency of nitrogen than that of any other
nutrient. Nitrogen fertilization influ-
ences dry matter yield by influencing
leaf area index, leaf area duration and
photosynthetic efficiency (Mohan et al.,
2015). Nitrogen (N) is essential for all
biological process that occurs in the
plant. A sub-optimal supply of N limits
the expression of yield potentials of
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green bean varieties (Dauda et al.,
2015). Nitrogen deficiency is frequently
a major limiting factor for high yielding
crops all over the world (Salvagiotti et
al., 2008; Namvar et al., 2011a). The
most important role of N in the plant is
its presence in the structure of protein
and nucleic acids which are the most
important building and information sub-
stances of every cell. In addition, N is
also found in chlorophyll that enables
the plant to transfer energy from
sunlight by photosynthesis. Thus, the
supply of N to the plant will influence
the amount of protein, amino acids, pro-
toplasm and chlorophyll formed. Con-
sequently, it influences cell size, leaf
area and photosynthetic activity (Walley
et al., 2005; Caliskan et al., 2008).
Therefore, adequate supply of N is nec-
essary to achieve high yield potential in
crops. In general, N deficiency causes a
reduction in growth rate, general chlo-
rosis, often accompanied by early se-
nescence of older leaves, and reduced
yield (Erman et al., 2011). Mckenzie
and Hill (1995) studied the effects of
two levels of N applications (0 and 50
kg N ha™') on chickpea and reported that
the increase of N rate from 0 to 50 kg N
ha™ significantly enhanced seed and dry
matter yield, harvest index, number of
pods per plant and 1000 seed weight.
Nitrogen deficiency generally results in
stunted growth and chlorotic leaves
caused by poor assimilate formation
that leads to premature flowering and
shortening of the growth cycle (Lincoln
and Edvardo, 2006). Limitation of ni-
trogen in any phase of the plant growth,
causes reduction in yield (Moham-
madian, 2002). Seventy years ago, zinc

was recognized as an essential micronu-
trient (Sommer and Lipman, 1996), and
its deficiency in agricultural crops is
one of the most common micronutrient
deficiencies (Gupta, 1989). Zinc is the
second most abundant transition metal
after iron and is involved in various bio-
logical processes in organisms (Sida-
Arreola et al., 2017). Zinc (Zn) is an
important transitional metal, and is the
only metal present in all six classes of
enzymes and act as component for sev-
eral transcriptional factors (Prasad et
al., 2012). Zn plays an important role in
the synthesis of proteins and carbohy-
drates (Sajedi, ef al., 2009). Zinc plays a
significant role in various enzymatic
and physiological activities in the plant
system. It performs many catalytic
function in the plant besides transforma-
tion of carbohydrates, chlorophyll and
protein synthesis. Under conditions
where there is a lack of zinc, a decrease
of carbonic anhydrase enzyme can lead
to a diminished rate of net photosynthe-
sis. The use of zinc serves to increase
the density of zinc and protein in seeds,
pneumatic organs and the overall qual-
ity of seed production (Sharma et al,
2014). Zinc deficient soils have been
widely found in India, USA, Canada,
New Zealand, Africa, Europe and South
America (Pedersen, 1966). On the other
hand, World Health Organization
(WHO) reported that human population
of developing countries faced with the
deficiencies of zinc. Zn deficiency of
human is the fifth major cause of dis-
eases and deaths in these countries
(WHO, 2002). Foliar fertilization has
the advantage of low application rates,
uniform distribution of fertilizer materi-
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als and quick responses to applied nu-
trients. Moreover, hidden hungers can
easily be managed (Umer et al., 1999).
Mahady (1990) found that foliar appli-
cation of ZnSO, for faba bean plants
increased number of pods/plant and
seed yield. Thalooth ef al. (2005) indi-
cated that foliar spraying with Zn had a
positive effect on yield and yield attrib-
utes of sunflower plants. Several re-
search reports have established the es-
sentiality and role of micronutrient-zinc
on plant growth, development and yield
(Grzebisz et al., 1999). Zinc is an essen-
tial micronutrient in biological systems,
which is required in small quantities. It
is involved in the formation and activa-
tion of enzymes that impact on the
growth, development and production of
plants (Poblaciones and Rengel, 2016).
Its deficiency impacts on growth, pollen
viability, flowering and grain produc-
tion (Pandey et al., 2006). In humans,
its deficiency is associated with prob-
lems of growth and learning capacity in
children, and increases the risk of infec-
tions, cancer and DNA damage (Ahmed
et al., 2014). It is present in around one
third of the world population, which
represents the fifth risk factor for dis-
eases in developing countries (Shahzad
et al, 2014). Today still its deficiency
persists in our soils which creates prob-
lem in many physiological processes to
function normally. A critical small con-
centration of zinc is required to perform
several key pathways in plants. These
pathways have important roles in
growth regulation, photosynthesis and
sugar formation, fertility and seed pro-
duction, and defense against disease.
These physiological functions will be

impaired and the health and productiv-
ity of the plants will be adversely af-
fected due to zinc deficiency. Thus re-
sulting in lower yields (or even crop
failure) and frequently in poorer quality
crop products (Tahir ez al., 2009). Zinc
deficiency is a global nutritional con-
straint for plant growth, particularly in
calcareous soils of arid and semi arid
regions. One of the most important mi-
cronutrient deficiencies is attributed to
zinc deficiency that is a worldwide
problem in human nutrition. More than
2 billion people suffer from micronutri-
ent deficiency including zinc defi-
ciency. The major reasons for the wide-
spread occurrence of Zn deficiency in
humans, especially in developing coun-
tries is a high proportion of cereal-based
foods in the human being daily diet.
Zinc deficiency causes a number of
health problems like impairment in lin-
ear growth, sexual maturation, learning
ability, immune functions and the cen-
tral nervous system. Selection and
breeding of plant genotypes for higher
resistance against Zn deficiency is a re-
alistic and long-term solution to over-
come Zn deficiency in soils. Breeding
genotypes for resistance to Zn defi-
ciency may, however, take considerable
time. Therefore, Zn fertilization is still a
widely used agronomic practice for
farmers to correct Zn deficiency (Ran-
jbar and Bahmaniar, 2007). Nicolas et
al. (2011) testing yield and nutritional
quality of snap bean reported highest
pod yield and pod number with the ap-
plication of 200 kg N ha compared to
100 and 0 kg N ha™' and that pod length
was not significantly affected. Begum et
al. (2003) reported that highest fertilizer



Journal of Crop Nutrition Science, 5(1): 61-78, Winter 2019 65

rate (90:50:120) produced the highest
pod yield, pod length and pod weight.
Castor Omar Ponce et al. (2019) re-
ported the doses best favoring an in-
crease in biomass, production, and ni-
trogen assimilation in Green Beans
were 50 ppm of ZnSO4, 100 ppm of
DTPA-Zn, and 25 ppm of zinc oxide
nano fertilizers (NfsOZn). Mbeke et al.
(2014) reported it can be recommended
that 22 kg N ha would be economical
for snap beans production. Srinivas and
Naik observed that the pod yield of
French bean increased with increasing
rate of N application and they obtained
13.2 tha” pod by using 160 kg N ha™
(Srinivas and Naik, 1988). Guu et al.
(1997) recorded 17.2 tha' pod yield
with fertilizer and manure application.
Sena et al. (2010) reported that 150 kg
nitrogen, 40 kg phosphorus along with a
basal dose of 80 kg potassium, 10 kg
sulphur and 5 t cow dung ha™ are found
economic for optimum yield of French
bean. Negash et al. (2018) reported that
application of 123 kg N ha™” and 92 kg
P,0s ha' led produce the highest
amount of seed yield. Physiological
growth analysis is the important in pre-
diction of yield. Growth analysis is a
way to assess what events occurs during
plant growth. Total dry matter trend
(TDM), Crop growth rate (CGR) and
relative growth rate are, the most impor-
tant traits in plant growth analysis.
Growth analysis is a way to assess what
events occurs during plant growth. To-
tal dry matter trend (TDM), Crop
growth rate (CGR) and relative growth
rate are, the most important traits in
plant growth analysis. Growth analysis
is a suitable method for plant response

to different environmental conditions
during plant life (Hokmalipour and
Hamele Darbandi, 2011). Growth
analysis is one way to verify the crops
ecological adaptation to new environ-
ments, the competition between species,
crops management effects and the iden-
tification of the productive capacity of
different genotypes. The dynamics of
dry matter distribution to various plant
organs, their yielding and productivity
may be characterized by using various
indices of growth analysis (Zajac et al.,
2005). Growth analysis is still the most
simple and precise method to evaluate
the contribution of different physiologi-
cal processes in plant development. It
provides a considerable insight into the
functioning of a plant as depends on
genotype or environment. The purpose
of growth analysis is the determination
of the increase in dry matter referred to
a suitable basis for photosynthetically
active tissue, LAI and amount of leaf
protein (Ali et al., 2004; Gupta and
Gupta, 2005; Alam and Haider, 2006).
Kibe et al. (2006) in wheat and Yasari
and Patwardhan (2006) in rapeseed
concluded same results about growth
indices. Namvar et al. (2011b) applica-
tion of suitable amounts of nitrogen fer-
tilizer (i. e. between 50 and 75 kg urea
ha') as a starter can be beneficial in im-
proving growth indices, development
and total yield of inoculated chickpea.

2. OBJECTIVES

The goals of this study were to inves-
tigate the effect of different level of ni-
trogen fertilizer and zinc sulfate on
growth indices of Green bean.



Kermanshahi and Noriani, Impact of Zinc Sulfate and Nitrogen... 66

3. MATERIALS AND METHODS
3.1. Field and Treatments Information
This research was conducted in
Dezful to assessment growth curves and
crop production of green beans affected
different level of nitrogen fertilizer and
zinc sulfate via split plot experiment
based on randomized complete blocks
design during summer of 2012 with
three replications. The main plots con-
sisted of four level of nitrogen form
source of urea (0, 30, 60 and 90 kg.ha™)
and four levels of zinc sulfate (0, 10, 20
and 30 kgha') belonged to sub plots.
Place of research was located in Ahvaz
city at longitude 45°25'E and latitude

32°16'N in Khuzestan province (South-
west of Iran). The average annual rain-
fall, temperature, humidity and evapora-
tion in the region is 386 mm, 24 C, 55%
and 2800 mm, respectively. The aver-
ages of some meteorological parameters
of the studied area were presented in
table 1. The physical and chemical
properties of studied field mentioned in
table 2. The size of each plot was 6x4
m? and each block has 16 treatments.
For the experiment, the distance be-
tween rows to rows was 50 cm with six
rows per treatment.

Table 1. Mean of metrological information of experiment location at 2012

Month July August September October November

Mean of Max. degree (C") 46.4 24.4 36.6 25.6
Mean of Min. degree (C°) 25.8 22.9 18.8 13.6
Mean of Month degree (C°) 36.1 32.7 27.7 19.6
Earth temperature (C°) 24 20.5 23.3 12.6
Monthly Rainfall (mm) 0 0 0 82.2
Max. absolute relative humidity 48 57 72 83

Min. absolute relative humidity 9 13 12 37

Monthly sunny hours 290.6  317.8 32.7 268.5 170.6
Monthly average evaporation 133 102 71 3.3

from evaporation pan

3.2. Farm Management

Amount of phosphate was computed
and consumed on the basis of 50 kg
phosphorous per hectare from triple su-
per phosphate source, also Potassium
consumed on the basis of 70 kg per hec-
tare from sulfate potassium source.
Mentioned fertilizer with Zinc sulfate
treatments and 50% nitrogen fertilizer
treatments were distributed in the field
and mixed with soil by disk. Also 50%
of the residual nitrogen fertilizer was
applied at the beginning of flowering
stage. During the growth period, all
plots were weeded manually. No seri-

ous incidence of insect or disease was
observed and no pesticide or fungicide
was applied. Irrigation was done when
needed depending on soil moisture.

Table 2. Physical and chemical properties
of studied field
Depth of soil sampling

(cm) 0-30
Depth of soil sampling 11
(cm) ’
fldl:.c;::};al conductivity Silty loam
Soil texture 7

pH 0.49
Organic carbon (%) 0.23
Nitrogen (mg.kg™") 4.9
Phosphorus (mg.kg™) 105
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3.3. Measured Traits

To quantitatively measure the plant
growth and leaf area during the growing
season from lines 2 and 6 of each plot, 3
plants were randomly selected after re-
moving one margin meter from the top
and bottom of each planting line (every
two weeks). Then leaf area was deter-
mined by the weight method and after
that the leaf area index was calculated
in different experimental treatments. In
order to measure the dry weight, sam-
ples were dried in oven device at 75-
80°C for 48-72 hours in the laboratory.
After ensuring that moisture was not
reduced, the dry weight of the samples
was determined with precise scales. Af-
ter physiological ripening the final har-
vest area of each plot was 1 m” Crop
growth rate (CGR), net assimilation rate
(NAR) and the relative growth rate
(RGR) was measured according fallow-
ing formula (Redford, 1967):
Equ.1l. CGR (gr.m'z.day'l) = TDM;-
TDM/T>-Th.
TDM = Primary dry weight (gr)
TDM,= Secondary dry weight (gr)
T,= initial sampling time
T,= Secondary sampling time
Equ.2. NAR (gr.m™.day') = CGR x
LI]LAz—LnLAl/LAz—LAl .
LA, = Initial leaf area
LA, = Secondary leaf arca
Equ.3. RGR (grgr'day') = [Ln
(TDM2) — Ln (TDM1))/T>-T;.

3.4. Statistical Analysis

Analysis of variance and mean com-
parisons were done by SAS (Ver.8),
Minitab software (Ver.14) and Duncan
multiple range test at 5% probability
level.

4. RESULT AND DISCUSSION
4.1. Total Dry Matter (TDM)

Several equations were tested to
study the trend of TDM changes over
time. In the meantime, the equation
whose coefficient of determination (R?)
was high for different treatments was
identified as the best justification for
plant dry matter changes during growth
to maturity. Proper distribution of actual
points around the curve and the ration-
ality of displaying the trend of total dry
weight changes physiologically indi-
cated that this relationship was correct
for all the treatments. The process of
accumulation of dry matter at all levels
in the formation and growth of dry mat-
ter in beans, like other crops, is sig-
moid. After about 30 days, the dry mat-
ter accumulation in all treatments accel-
erated due to increased light absorption
by the leaf surface and improved leaf
photosynthetic efficiency. Over time
and with increasing leaf area and greater
radiation absorption, photosynthesis
rates in the plant increased and the slope
of the dry matter curve became more
intense. At the end of the plant growth
period, total dry matter decreased, due
to the aging the plant and the decay of
old and inferior bean leaves. The high-
est dry matter accumulation was ob-
tained with application of 90 kg.ha™
nitrogen fertilizer treatment and nonuse
of nitrogen fertilizer (control treatment)
showed the lowest dry matter accumula-
tion (Fig. 1). So nitrogen use therefore
prolongs the growth stages. Due to in-
creasing plant age, decrease in photo-
synthetic efficiency, leaf loss and net
photosynthesis led to reduce the shoot
dry matter content.
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Fig. 1. Trend of regression variation of total
dry matter affected different level of nitro-
gen.

It seems that increasing the amount
of dry matter accumulation in different
nitrogen treatments, due to higher vege-
tative growth, increased leaf photosyn-
thetic efficiency due to increased chlo-
rophyll content and later emergence of
aging symptoms, thereby increasing
plant photosynthetic capacity and dry
weight production. The positive effect
of nitrogen on dry matter accumulation
in beans and other crops has been re-
ported by Khavarinejad ef al. (2011). It
was improved by the application of sul-
fate on the dry matter accumulation
process. As shown in Fig. 2, dry matter
accumulation process it was improved
by use of zinc sulfate.

1000 - ¢ +IN
i ——
% 800-
:& P = Poly. (+ ZN)
< 600 -
H - -« -Poly. (- 2N)
g = 2
S 40- +ZN—-0.037E23x +11.733x + 564
< . R?=098
o200 . 2N = 0.00532 + 8.4717x + 340.15
& R?= 09

0 : ; ‘
0 30 60 90

Different level of nitrogen (kg.ha')

Fig. 2. Trend of regression variation of total
dry matter affected different level of zinc
sulfate

Zinc sulfate treatment had the high-
est dry matter, due to the increased leaf,
stem and pod dry matter.

4.2. Leaf Area Index (LAI)

At the beginning of growth, the leaf
area of the plant is made up by young
leaves with high photosynthetic capac-
ity, i.e., high efficiency of fixation of
atmospheric CO,. As the plant devel-
ops, leaf senescence enhances, reducing
the photosynthetic efficiency of the
leaves besides increasing respiratory
losses, compromising the NAR and
LAR, and consequently the RGR (Wil-
son, 1981). Leaf area index (LAI) is the
main physiological determinant of crop
yield. It describes the surface growth
and light use during crop period (Ullah
et al., 2013). Heinemann et al. (2006)
reported enhanced leaf area index by
applying higher levels of nitrogen fertil-
izer. To better understand the relation-
ship between radiation and photosyn-
thesis and biomass production, leaf area
index changes over time were investi-
gated. The best fitting equation for pre-
dicting the trend of leaf area index
changes over time is shown in Fig. 3.
Increase in leaf area index due to differ-
ent levels of nitrogen application was
initially gradual and then had increasing
trend due to development leaf area and
canopy. Then LAI reached the maxi-
mum amount in flowering stage (about
60 days after planting). So nitrogen ap-
plication led to increase LAI in 4.55. By
increase nitrogen consumption more
leaf area is created which, by absorbing
more radiation, increases photosynthe-
sis in the plant and eventually produces
more dry matter.
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Fig. 3. Trend of regression variation of leaf
area index affected different level of nitro-
gen.

The trend of changes in leaf area index
for use zinc sulfate and control treat-
ments under different levels of nitrogen
is shown in Fig. 4. The trend of LAI
changes shows that the pattern of leaf
area index changes in both treatments is
similar and follows a quadratic func-
tion. In this study, zinc sulfate treatment
produced more LAI (4.21) at flowering
stage than control treatment (nonuse
zinc sulfate). The superiority of leaf
area index in use zinc sulfate treatment
was due to its greater leaf area than con-
trol treatment.

+ 2N =-0.0004%7 + 0.065% + 2006 R?=0.99

Leal area index

1e -ZN=-0.0003k? + 0.0304x + 17515 R?=0.97

0 30 60 €

Different level of nitrogen (kg.ha)

Fig. 4. Trend of regression variation of leaf
area index affected different level of zinc
sulfate

Hani et al. (2006) reported that plant
height, stem diameters, LAI (leaf area
index) increased significantly with in-
crease in levels of nitrogen from 0 to 80
kg N ha'. However 40 and 80 kg N ha™'
remained at par with each other in fod-
der maize. While increasing nitrogen
levels did not significantly affect num-
ber of leaves per plant. Application of
80 kg N ha' produced significantly
higher LAI (20.20) as compared to 40
kg N ha (16.78) and control (7.93).

4.3. Crop Growth Rate (CGR)

The growth rate of the plant can be used
as an appropriate criterion for estimat-
ing the potential of the plant community
and indicates the slope of dry matter
accumulation in the plant. Fig. 5 shows
the trends of crop growth rate based on
days after planting due to nitrogen up-
take to maturity. According to Fig. 5,
the crop growth rate was slow at the
beginning of growth, but then started to
increase and reached its peak about 70
days after planting. The highest CGR
was obtained at 90 kg N ha at amount
27.35 gr. m™.day”". After CGR reached
its maximum at all four levels of nitro-
gen treatment, it decreased to zero
within 85 days after planting and then
negative. Observing such a trend in the
plant, due to the gradual and increasing
solar radiation absorption, as the leaf
area index increases, the dry matter ac-
cumulation rate in the plant increases.
Over time, the rate of dry matter accu-
mulation after it reached to final level,
with leaf aging and net photosynthesis
decrease and led to reduce crop growth
rate.
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Fig. 5. Trend of regression variation of crop
growth rate affected different level of nitro-
gen.

Decreasing crop growth rate to zero
can be attributed to a decrease in net
photosynthesis and negative trend of it
related to reduce of dry matter at the last
stages of plant growth due to leaf fall
and negative net photosynthesis. In 90
kg.ha! nitrogen treatment, due to higher
nitrogen content, leaf area increase and
canopy spreading in the plant, lower
leaf fall at late stages of growth, had
lowest decreasing trend. The pattern of
changes in crop growth rate influenced
by use zinc sulfate and control treat-
ments is shown in Fig. 6. The best-
fitting equations showed that the CGR
reaction to different levels of nitrogen
followed quadratic linear functions.

- P
+ZN=6.03746""%  R*=0.99

¢ u -N

SZN=34707e™ R'=097

e EX00N. (+ ZN)

5 =« =Expon (- ZN)

Crop growth rate (gr.m2.day )

Different level of nitrogen (kg.ha!)

Fig. 6. Trend of regression variation of crop
growth rate affected different level of zinc
sulfate.

According to the regression equa-
tions between these functions, the high-
est rate of crop growth rate was ob-
tained in zinc sulfate treatment and in
high nitrogen treatments of both treat-
ments. It seems that under these condi-
tions, the mentioned treatment with
more access to food has been able to
provide adequate cover in its canopy
and produce more CGR. Since leaves
are the major contributor to photosyn-
thesis and dry matter increment per unit
area, it can be expected that treatments
that produce more leaf area, produce
more LAI and have a higher crop
growth rate. Because leaves are a major
factor to photosynthesis and increase in
dry matter per unit area, it can be ex-
pected that treatments produce more
leaf area, produce more LAI and have a
higher crop growth rate. Valadabadi and
Farahani (2012) reported that applica-
tion of nitrogen fertilizer significantly
affected the total dry weight (TDW),
leaf area index (LAI), relative growth
rate (RGR) and crop growth rate (CGR)
of maize crop. The highest total dry
weight (TDW) (1910 gr.m™), LAI (4.2),
RGR (0.08 gr.gr'.day") and CGR (31.2
gr.m™~.day") were obtained with appli-
cation of 520 Kg urea ha’', respectively.

4.4. Relative Growth Rate (RGR)

The relative growth rate indicates the
amount of dry matter accumulated per
unit of primary dry weight of the crop.
The highest RGR was obtained at all
four levels of nitrogen at the beginning
of the growing season (Fig. 7). The
higher relative growth rate in the 90
kg.ha™ nitrogen treatment at the begin-
ning of the period was probably due to



Journal of Crop Nutrition Science, 5(1): 61-78, Winter 2019 71

the higher photosynthetic rate resulting
from this treatment and higher effi-
ciency in dry matter production at this
time. Relative growth rate due to
change in photosynthesis and respira-
tion crop situation.

006 - RGR(90) =-0.0327Ln(x) + 0.1549 R=0.86
RGR(60)=-0.0335Ln(x) + 01525 R?= 095
RGR(30) =-0.0307Ln(x) + 01357 R?= 098

0.04 -

002 -

Relative growth rate (gr.gr'.day™")

Days after plant

Fig. 7. Trend of regression variation of rela-
tive growth rate affected different level of
nitrogen.

As a result, by increase age of lower,
stay leaves in shade and fall, dry matter
accumulation, increase in respiration
and reduce CGR led to become negative
RGR at the end of the growing season
(Tadayon and Emam, 2007). Fig. 8
shows the trends of variation of relative
growth rate from the beginning of the
growth period to maturity under the in-
fluence of different levels of nitrogen
(0, 30, 60 and 90 kg.ha nitrogen) with
zinc sulfate and control treatments. The
RGR reaction is affected by the differ-
ent levels of the above treatments per
unit time in descending order. The RGR
reaction is affected by the different lev-
els of the above treatments per unit time
has descending trend. The highest rela-
tive growth rate at the beginning of the
growth period was achieved at 0.037
gar. gr'l.day'1 from zinc sulfate treatment.
The decrease of RGR with increasing

age of plant was more severe in the
early stages of growth and gradually
decreased with past time. In general, the
slope of relative growth rate curve
shows the rate of dry matter accumula-
tion in the plant.

005 -
+N=00386e""?  R?=0.96

0.04 SIN= 00357692 RP=099
003
002

001

Relative grow th rate (gr.grl.day)

0

0 30 60 0
Different level of nitrogen (kg.ha)

Fig. 8. Trend of regression variation of rela-
tive growth rate affected different level of
zinc sulfate.

The relative growth rate of zinc sulfate
treatment was slower than the control
treatment and therefore the dry matter
accumulation rate was faster (Fig. 8).

4.5. Net Assimilation Rate (NAR)

The NAR represents the rate of carbon
fixation and, in other words, is the dry
matter production per unit area of leaf
per unit time. NAR is also a criterion
for estimating the actual photosynthetic
potential of a leaf in a plant community.
As can be seen in Fig. 9, at all nitrogen
levels, the rate of net uptake at the be-
ginning of the growth period was high-
est. In that time most leaves are exposed
to direct sunlight. The advantage of this
stage is because of the low LAI at this
time and it is not important in terms of
dry matter production. NAR is a suit-
able criterion for expression of plant
growth characteristics.
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8- NAR(90) = -38317Ln(x) + 18.031 R%= 0.8
NAR(B0) = -3.7425Ln(x) + 16944 Ri=093
NAR(30) = -3.7068Lnix) + 16.325 RZ=0.94
WARO)= 3433tLni)+ 14565 RP=0.04

N(0)
N(60)
N(30)
N(O)
——Log. (N(0))
- - - - Log. (N(80))
——Log.(N(30))

X » m e

— = =Log.(N{0))

Netassimilation rate (gr.m2.day )

0 2 30 40 5 60 70 8 D0
Days after plant

o

yH

Net assimilation rate (gr.m?.da)

s -N

—Expon. (+ ZN)
¢

~

-« - -Expon.(-ZN)

8,
“

+N=55578" 0 R=097

o

.

SIN=47356" 0 R?=099

o

0 60 90
Different level of nitrogen (kg.ha)

o

Fig. 9. Trend of regression variation of net
assimilation rate affected different level of
nitrogen.

Since leaves are the major factor in
plant photosynthesis, growth expression
based on leaf area seems more favor-
able. The NAR variations at the differ-
ent levels were initially the same, but
then the slope of the curve related to
nonuse of nitrogen treatment declined
further, which could be due to yellow-
ing and earlier leaf fall in this treatment
(Fig. 9). Although amount of NAR lev-
els were different in use and non-use of
zinc sulfate at different levels of nitro-
gen was different, but the rate of NAR
reduction at the end of growth period
was slower in zinc sulfate treatment
(Fig. 10). It seems this treatment can
finished the photosynthesis, growth and
development process completely and
used light more efficiently. Increase in
net assimilation rate (NAR) is attributed
to increased photosynthetic capacity of
the leaves with improved nutrition of
the plants (Ahmad et al., 1990). The
NAR and relative growth rate (RGR)
improve with the increasing levels of N
(Warraich et al., 2002). Ayub et al.
(1995) reported an increase by 20.3% in
protein content of wheat grains with
higher levels of nitrogen application.

Fig. 10. Trend of regression variation of net
assimilation rate affected different level of
zinc sulfate.

Lopes et al., (2011b) reported with five
cultivars of the genus Cynodon, re-
corded RGR values of 0.084 gr.gr'.day
' (21 to 28 growth days) and 0.026
gr.gr’.day” (28 to 35 growth days). The
pattern of response (reduction) in the
RGR at more advanced ages (end of the
cycle) can be ascribed to the progressive
increase in plant weight, since the
RGR= (1/W).(dW/dt), as well as to the
decrease in the values of NAR and
LAR, since the RGR derives from the
product of these two growth indices; the
first, a physiological component, and
the second, a morphological component
(Lopes et al., 2011c). Watson et al.
(1966) reported NAR reduction is
mainly due to the drop in the photosyn-
thetic rate that occurs with increased
respiratory losses of the plant. Impor-
tantly, NAR is not only determined by
the photosynthetic rate, but also by the
size of leaf area, in addition to the dura-
tion of vegetative period, architecture of
upper part, translocation, and assimilate
partitioning. This increase in NAR in
response to increasing nitrogen fertilizer
levels is due to the increase in the num-
ber of cells, leading to a higher devel-
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opment of leaves with higher photosyn-
thetic potential. The greater availability
of nitrogen affects the photosynthesis
because it is a component of chloro-
phyll molecule and part of the molecu-
lar structures of the entire protein syn-
thesis apparatus involved in the photo-
synthetic process. In fact, there are re-
ports of increased photosynthetic rate
and the relative chlorophyll index in
response to the levels of nitrogen fertil-
izer (Lopes et al., 2011a). Rahman et al.
(2000) who reported that nitrogen ap-
plication created a significant impact on
leaf photosynthesis, leaf area index,
crop growth rate and biomass produc-
tion of wheat.

5. CONCLUSION

Nutrient deficiencies can be cor-
rected by simply applying appropriate
fertilizers (nitrogen in this case), but it
is neither practicable nor economical to
attempt to eliminate the deficiencies to
maximize crop production by massive
application of fertilizers. Rather the fer-
tilizers should be applied sparingly to
each crop, with the allowance for all
practical and economical factors that are
involved as well as the actual deficiency
levels in the soils. Final result of current
study revealed use of 90 kg.ha™ nitro-
gen with consume zinc sulfate treatment
led to achieve maximum level of
growth indices in compare to another
treatments and can advise to farmers in
studied region.
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