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Abstract: In order to Investigation of Nitrogen Fertilizer on Physiological growth indices in corn cultivars, a
split plot experiment based on randomized complete block design with three replications was conducted in
research field of Islamic Azad University, Ardabil branch, Ardabil, Iran, in 2009. Factors were: nitrogen levels
in main plots (0, 60, 120 and 180 Kg N ha ) and corn cultivars in sub plots (Kenez410, Korduna and Konsur).1

Results showed that, TDM, CGR, RGR, kernel yield and plant height were affected by nitrogen fertilizers in corn
cultivars. The highest TDM, CGR, RGR were observed at korduna cultivar in 180 kg nitrogen per hectare.
Minimum of these traits obtained at Konsur cultivar in control levels of nitrogen fertilizer. Cultivar of korduna
had highest value of plant height in all levels of nitrogen fertilizer. Maximum yield was obtained at
Korduna×180kg N ha . Thus, in order to increasing of yield and physiological traits, it can be suggested that1

use korduna cultivar with 180 kg N/ha levels.
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INTRODUCTION components of yield and other agronomic parameters in

Among cereals, maize (Zea mays L.) is an important response. Physiological growth analysis is the important
food and feed crop which ranks third after wheat and rice in prediction of yield. Growth analysis is a way to assess
in the world [1]. Maize is one of the most efficient crops what  events  occurs  during plant growth. Total dry
which can give high biological yield as well as kernel yield matter trend (TDM), Crop growth rate (CGR) and relative
due to its photosynthetic mechanism. Because of its growth rate are, the most important traits in plant growth
expanded use in the agro-industries it is recognized as a analysis. Growth analysis is a suitable method for plant
leading commercial crop of great agro economic value. response to different environmental conditions during
Earlier studies reveal that judicious and proper use of plant life [8].
fertilizers can markedly increase the yield of corn [2]. The The present study was, therefore, planned to
maize yield production depended on many factors i.e. determine the effect of different nitrogen fertilizer levels
cultivars and nitrogen fertilization [3]. Nitrogen fertilizer is on yield and various physiologic traits of hybrid maize
a key nutrient in the production of non legume crops. It is under the agro-ecological condition of Ardabil, Iran.
a component in many biological compounds that plays a
major role in photosynthetic activity and crop yield MATERIALS AND METHODS
capacity [4] and its deficiency constitutes one of the
major yield limiting factors for cereal production [5]. The field experiment was conducted in research field
Nitrogen is the most limiting essential nutrient for maize of Islamic Azad University, Ardabil branch, Ardabil, Iran,
production [6]. Nitrogen has positive effect on storage of in 2009. The climate is semi-arid. It has 1350 meters
protein in Maize seed and hence, the rates of this element altitude from sea level. Based on the soil test, pH was
are effective in its distribution in plant [7]. Given the about 7.2, soil texture was loamy-sand and the depth of
importance of nitrogen fertilization on the yield in grain top soil was 70 cm (Table 1). Maximum and minimum
from the corn plant, it is necessary to know what the best temperature and precipitation rate at growth season are
dose is for each variety as well as its influence on available in Figures 1 and 2.

order to obtain better knowledge of said productive
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Table 1: The analysis of Physico-chemical properties of the soil
K PPm P PPm T.N. (%) Os (%) Tex (%) Sand (%) Silt (%) Clay (%) Sp (%) PH EC (Mmhos) Sampling depth (cm)
355.2 29.9 0.02 0.2 Clay-loam 21 44 35 54 7.7 1.37 0-30

Fig. 1: analysis by the SAS software and graphs were drawn

Fig. 2: 4763 and 4098.75 kg for above cultivars, respectively.

This investigation was arranged as split-plot in N levels amounts of the yield markedly enhanced and
experiment based on the randomized complete block N level of 180 kg ha  obtained the highest kernels yield.
design with three replications. Main-plots were assigned In case of interaction effect, kernels yield rose with
to nitrogen levels (0, 60, 120 and 180 kg ha ) and sub- increase in N rate in all three cultivars but slope of1

plots to corn cultivars (Kenez410, Korduna and Konsur). increase for Kenez410 was more than Konsur. Korduna
Each sub-plot included five rows which their length and cultivar significantly produced more yield at all three N
spaces from each other were 5 and 0.75 meters. Seeds of levels than others. Maximum yield belonged to Korduna
three cultivars were sown at depth of 3 to 5 cm. Other cultivar at 180 kg N ha  and differences between control
agronomy  practices did according to soil test (Table 1). and the other N levels were greater for it (Figure 3).
In order to measure TDM, CGR and RGR, 40 to 50 days
after planting and at intervals every 10 days, Some plants
were selected randomly from each row of the main plots
and were placed in electric oven at 75°C for 72 hours or
more until constant weight and then the dry weight was
weighed. Crop growth rate (CGR) was calculated by the
formula given by Beadle [9].

W = Dry weight land area at second harvest2

W = Dry weight land area at first harvest1

t = time corresponding to second harvest2

t1 = time corresponding to first harvest

Relative growth rate (RGR) was calculated by the Fig. 3: Interacttion effect of nitrogen levels and cultivars
formula given by South [11]: on kernal yield

This is equivalent to the increase in plant biomass
(dW) per unit of plant biomass (W) per unit of time (dt).
Although simple in concept, it is usually difficult to
determine since it represents a value at an instant in time.
In order to measure yield, plants of middle rows of each
plot randomly were harvested in the surface of 2.5 m at2

the physiological maturity. Data were subjected to

using Excel program.

RESULTS

Kernel Yield: Results showed that kernels yield was
significantly affected by nitrogen fertilizer levels, cultivars
and their interaction at 1% probably (Table 2). Korduna,
Kenez410 and Konsur significantly produced maximum
kernels yield, respectively. Values of yield were 5876.2,

Control produced the lowest kernels yield. With increase

1

1
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Table 2: Analysis of variance of total dry matter, crop growth rate, relative growth rate and other traits
Source of variation df TDM CGR RGR Kernel yield Plant height
Replication 2 0.086 0.52 0.00000019 2523 2.19
Nitrogen 3 1288752** 592.8** 0.0000010** 6263286** 1600.84**
Experimental error 6 0.140 0.069 0.00000008 11898 4.34
cultivar 2 702728.9** 362.2** 0.000143** 9679156** 352.77**
Cultivar×Nitrogen 6 43646.0** 27.06** 0.0000032** 755790** 57.59**
Experimental error 19 0.0738 0.060 0.00000007 2247110 6.680
Cv. - 0.016 0.65 0.38 3.9 1.57
*,** Significant in 5 and 1 percentage probability respectively

Table 3: Main comparison of total dry matter, crop growth rate and relative growth rate
Means of traits
------------------------------------------------------------------------------------------------------------------------------------------------

Traits Treatments TDM (gr/m ) CGR (gr/m /day) RGR (gr/gr/day)2 2

0 kg N/ha×Kenez410 1169.4k 26j 0.069d
0 kg N/ha× Konsur 1049.7l 24.8k 0.066e
0 kg N/ha× Korduna 1248.7j 28.8i 0.071c
60 kg N/ha×Kenez410 1637.78g 36f 0.069d
60 kg N/ha× Konsur 1370i 30.8h 0.063f
60 kg N/ha× Korduna 1820.4d 41d 0.072b
120 kg N/ha×Kenez410 1817.9e 40e 0.069d
120 kg N/ha× Konsur 1511.1h 33.46g 0.066e
120 kg N/ha× Korduna 2238.7b 50.7b 0.073a
180 kg N/ha×Kenez410 1931.6c 42c 0.069d
180 kg N/ha× Konsur 1798.2f 41.2d 0.066e
180 kg N/ha× Korduna 2350.6a 52.7a 0.073a
Numbers with the same letter, have no significant difference

Fig. 4: Total dry mater trend changes as affected by maize cultivars at 1-4) 0 kg N/ha, 2-4) 60 kg N/ha, 3-4) 120 kg N/ha
and 4-4) 180 kg N/ha
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Fig. 5: Crop growth rate trend changes as affected by maize cultivars at 1-5) 0 kg N/ha, 2-5) 60 kg N/ha, 3-5) 120 kg N/ha
and 4-5) 180 kg N/ha

Total Dry Matter: The results showed that total dry In general, CGR increased at fast rate up to 70 days after
matter (TDM), increased significantly with N fertilizer transplanting and thereafter decrease at faster rate up to
application in maize cultivars at all the growth stages of harvest. Significantly highest CGR (52.7 gr/m2/day) and
the crop (Figures 4). The highest TDM trend, was Lowest CGR (24.8 gr/m2/day) were obtained from 180 kg
obtained from korduna cultivar at highest level of nitrogen N/ha in Korduna cultivar and Control level of nitrogen in
fertilizer (180 kg N/ha) (Figures 4). Minimum of total dry Konsur cultivar at 95 days after transplanting
matter obtained at Konsur cultivar in control levels of respectability (Table 3).
nitrogen fertilizer. Significantly highest TDM (2350 gr/m )2

was  obtained  from  180 kg N/ha in Korduna cultivar at Relative Growth Rate: The results showed that relative
110 days after transplanting. Lowest TDM (1049 gr/m ) at growth rate (RGR), was all highly significantly different2

110 days after transplanting was observed from Control among the maize cultivars, whereas nitrogen fertilize
level of nitrogen in Konsur cultivar (Table 3). levels. The highest RGR, was obtained from korduna

Crop Growth Rate: The fertilizer treatment had significant Minimum of this trait obtained at Konsur cultivar in
effect on the crop growth rate at different growth stages. control levels of nitrogen fertilizer (Figures 6). According
As show in Figure 5, with increasing nitrogen levels, crop to Figures 6, to change the relative growth rate indicates
growth rate (CGR) was increased. The highest CGR was that changes in these traits over time the trend has shown
observed at korduna cultivar in 180 kg nitrogen per a decline. Significantly highest RGR (0.073 gr/gr/day) was
hectare. Minimum of this trait obtained at Konsur cultivar obtained from 120 kg N/ha in cultivar at 50 days after
in control levels of nitrogen fertilizer. The results also transplanting. Lowest TDM (0.066 gr/gr/day) at 50 days
showed that at stages near to the end of vegetative after transplanting was observed from Control level of
growth period, crop growth rate was decreased (Figure 4). nitrogen in Konsur cultivar (Table 3).

cultivar at highest level of nitrogen fertilizer (180 kg N/ha).
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Fig. 6: Crop growth rate trend changes as affected by maize cultivars at 1-6) 0 kg N/ha, 2-6) 60 kg N/ha, 3-6) 120 kg N/ha
and 4-6) 180 kg N/ha

Fig. 7: Plant height changes as affected by nitrogen increase in nitrogen rates was also observed by others
fertilizer levels in three cultivar of maize [11]. Results showed that whit increasing nitrogen levels,

Plant Height: Results showed that plant height was that Nitrogen levels had pronounced effect on dry matter
markedly affected by main and interaction effects of N production. As show in Figure 5 and Figure 6, with
levels and cultivars. Korduna, Kenez410 and Konsur increasing nitrogen levels, crop growth rate and relative
significantly had maximum plant height, respectively. In growth rate were increased. Sabri et al. [10] also reported
case of interaction effect, plant height rose with increase similar result.Crop growth rate in the early stages due to
in N rate in all cultivars. The highest (180 cm) and lowest the complete absence of vegetation and low percentage
this trait rate (142 cm) were obtained at kordona in highest of light absorption is lower, but with the rapid increase in
levels of nitrogen fertilizers (180 kg N/ha) and Konsur the rate of plant growth that occurs because the level of
cultivar  without nitrogen application respectability developed leaves and thus absorption of solar radiation
(Figure 7). increases [9]. Relative growth rate is represents the

DISCUSSION

The results showed that all of the traits were affected
by corn cultivars and nitrogen fertilizers. Korduna had the
highest kernels yield, TDM, CGR, RGR and plant height at
application of 180 kg N/ha compare to other treatments.
Therefore, Korduna was superior in all traits. Increasing
kernel yield with application of nitrogen levels was
reported whit Hokmalipour et al. [2] too. Sabri et al. [10]
also reported similar result. Increase in kernel yield with an

total dry matter was increased. Pablo et al. [12] reported
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relative increase in dry matter over time. Over time the 3. Ding, L., K.J. Wang, G.M. Jiang, D.K. Biswas, H. Xu,
amount of tissue structural component of plant tissue is L.F. Li and H. Li, 2005. Effects of nitrogen deficiency
not considered metabolic and does not share in the on photosynthetic traits of maize hybrids released in
growth will increase and therefore the relative growth rate different years. Annals of Botany Doi: 10.1093/
decreases with time. Should be noted that negative values aob/mci. 244. www.aob.oupjournals.org.
of crop growth rate and relative growth rate are due to 4. Cathcart, R.J. and C.J. Swanton, 2003. Nitrogen
loss of leaves at the end of the growing season. Also management will influence threshold values of green
results showed that whit increasing nitrogen levels at all foxtail (Setaria viridis) in corn. Weed Sci., 51: 975-986.
of the corn cultivars plant height was significantly http:// RJ Cathcart, CJ Swanton - Weed Science,
increased. Increasing of plant height whit increasing jstor.org.
nitrogen levels was reported whit Hokmalipour et al. [2]. 5. Shah, Z., S.H. Shah, M.B. Peoples, G.D. Schwenke
The increase in plant height in response to application of and  D.F. Herriedge, 2003. Crop residue and fertilizer
N fertilizers is probably due to enhanced availability of N effects on nitrogen fixation and yields of legume-
nitrogen which enhanced more leaf area resulting in cereal rotations and soil organic fertility. Field Crops
higher photo assimilates and thereby resulted in more dry Res., 83: 1-11.
matter accumulation. These results are supported by the 6. Aftab,  W.,  A.  Ghaffar, M.M. Khalid Hussain and
findings of Pablo et al. [9]. W.  Nasim,  2007.  Yield  Response   of  maize

CONCLUSION 44(2): 217-220.

As the results of this study indicated that application M.S. Fernandes, 1998. Nitrogen remobilization during
of nitrogen fertilizer has positive effects on yield and the reproductive period in two Brazilian rice varieties.
physiological growth indices of maize cultivars. The J. Plant Nutrition, 21: 2049-2053.
investigation showed that maximum yield and highest 8. Tesar, M.B., 1984. Physiological basis of crop growth
level of physiological growth obtained from korduna and development. American Society of Agronomy.
cultivar at highest level of nitrogen fertilizer. Thus, in Madison. Wisconsin, pp: 291-321.
order to increasing of yield and physiological traits, it can 9. Beadle, C.L., 1987. Plant Growth Analysis. In: J.D.O.
be suggested that use korduna cultivar with 180 kg N/ha Coomlos, S.P. Long and J.M.O. Scurlock, (Eds.).
levels. Techniques in Bio-productivity and Photosynthesis.
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