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Nitrogen Spraying of Soybeans at Earlier Flowering Stage Will Be an 
Ecological Friendly Fertilization Management and Improve Crop Yield
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Abstract: To study effect of nitrogen fertilization on soybean leaf senescence and crop yield an experiment was
conducted at Islamic Azad University of Tabriz, Iran. The experiment was carried out as a split-split plot based
on  randomized  complete  block  design  in  three  replications.   Treatments   were   two   soybean  cultivars
(L  and Zan), nitrogen fertilizer (urea and ammonium nitrate) and rate of  nitrogen  (15,  25  and  35  kg ha ).17

1

The stepwise regression analysis was also carried out for the data obtained to test the significance of the
independent variables affecting the seed yield as a dependent variable. The addition of 15 kg N ha  caused1

a small delay of 2 days in the leaf fall. Whereas, in N  and N  this delay were 6 and 10 days, respectively. With25 35

increasing of nitrogen rate, leaf chlorophyle content index increased significantly, compared to the check plots.
Seed yield in cv. L  treated with nitrate ammonium and cv. Zan treated with urea could be increase up to 670017

and 5100 kg ha , respectively. Plant breeders need production measurement of certain traits to improve plant1

characteristics. The multiple regression equation indicates that leaf senescence time and leaf chlorophyle
content index among independent variables tested showed a significant positive effect (P<0.05) on seed yield.
Soybean farmers could improve seed yield of L  and Zan cultivars due to leaves spraying with nitrate17

ammonium and urea and consequently reduce nitrogen fertilizer amount, which has an effective role in nutrition
management in sustainable agricultural systems. 
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INTRODUCTION average estimated belowground N contribution of 24% of

Effective use of nitrogen fertilizers improves both close to neutral. The gap between crop N uptake and N
food  security  (quantity  of  food  produced)  and supplied by biological N  fixation (BNF) tended to
nutrition security (e.g. food protein content). Sustainable increase at higher seed yields for which the associated
agriculture requires more efficient use of reactive nitrogen. crop N demand is higher [2].
Nitrogen use efficiency tends to decline as the supply of Previous research has not shown consistent effects
plant-available nitrogen increases. This presents a of late season fertilization on seed yield. In an experiment,
challenge: to meet the growing demands on agriculture in nitrogen fertilization, either at R  or R , increased soil
a sustainable way. Soybean (Glycine max [L.] Merr) meets nitrate availability during the seed-filling period. Seed
its nitrogen needs by both N  fixation and soil nitrate yield, seed number and protein content were not affected2

absorption. The amount of atmospheric N  fixed by a by N fertilization. The addition of 100 kg N ha  produced2

soybean  crop varies widely. Typical values are about a small delay of 1–2 days in the leaf fall and slightly
100-175 kg N ha , which represents about 50% of crop increased seed size (3.6%). Increasing soil N availability1

needs [1]. On an average, 50–60% of soybean N demand during the seed-filling period is not an effective way to
was met by biological N  fixation. In most situations the delay leaf senescence or to increase seed growth and2

amount of N fixed was not sufficient to replace N export yield of soybean [3]. Starter nitrogen did not significantly
from the field in harvested seed. The partial N balance was influence leaf area, plant height, fresh weight, or yield of
negative in 80% of all data sets. However, when an Bragg soybean [4]. Although relationships among

total plant N was included, the average N balance was
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soybean seed yield, nitrogen uptake, BNF and response Weeds were controlled monthly by hand weeding. At
to N fertilization have received considerable coverage in maturity stage, soybean yield was harvested by hand
the scientific literature, a comprehensive summary and from the center of portion (1-m ) of each plot by 2
interpretation of these interactions with specific emphasis cuttings. Traits measured were starting of leaf senescence
on high yield environments is lacking.  Soybean  yield time, leaf chlorophyle content index, side branches per
was more likely to respond to N fertilization in high-yield plant, thousand seed weight and seed yield. Data from the
environments. A negative exponential relationship was experiment were compared using the least significant
observed between N fertilizer rate and N  fixation when N difference test at * P < 0.05.2

was applied on the surface or incorporated in the topmost To  formulate  the  relationship  between 4
soil layers. Deep placement of slow-release fertilizer below independent  growth  variables measured in our
the nodulation zone, or late N applications during experiment  with  a  dependent  variable,  multiple
reproductive stages, may  be  promising  alternatives  for regression analysis was carried out for the leaf
achieving a yield response to N fertilization in high- senescence time (X ), leaf chlorophyle content index (X ),
yielding environments. The results from many N side branches per plant (X ) and thousand seed weight
fertilization studies are often confounded by insufficiently (X ) as independent variables and seed yield as a
optimized BNF or other management factors that may dependent variable. The multiple regression equation is
have precluded achieving BNF-mediated yields near the shown as follows:
yield potential ceiling. More studies will be needed to
fully understand the extent to which the N requirements Seed yield (kg ha ) = 0.408 + 0.0648 (X ) + 0.0048 (X )
of soybean grown at potential yields levels can be met by + 0.0084 (X ) + 0. 0001 (X )
optimizing BNF alone as opposed to supplementing BNF
with applied N. Such optimization will require evaluating Furthermore, the stepwise regression analysis was
new inoculant technologies, greater temporal precision in also carried out for the data obtained to test the
crop and soil management and most importantly, detailed significance of the independent variables affecting the
measurements of the contributions of soil N, BNF and the seed yield as a dependent variable. The resulted stepwise
efficiency of fertilizer N uptake throughout the crop cycle. regression equation is shown as follows:
Such information is required to develop more reliable
guidelines for managing both BNF and fertilizer  N in Seed yield = 2.46 + 0.09 (X ) + 0.007 (X ); R  = 81.8%
high-yielding environments [2]. The main object of this
study was to evaluate of nitrogen fertilization effect on RESULTS AND DISCUSSION
leaf senescence and crop yield.

MATERIALS AND METHODS filling is very high and has been proposed as the cause of

Field experiment was conducted to study effect of fertilizer rate on leaf senescence was significant at 5%
nitrogen fertilization of soybean yield during 2011 probability level (Table 1). Spraying of both cultivars with
growing season at Islamic Azad University of Tabriz, Iran, nitrogen could delay beginning of leaf senescence stage.
in a sandy loam soil with pH of 7.5 – 8 and organic matter The  addition  of  15  kg  N  ha   caused  a  small  delay
of 1% - 1.2%. The experimental fields had been in a of 2 days in the leaf fall. Whereas, in N  and N  this
potato-barley rotation cycle for the last two years. The delay were 6 and 10 days, respectively (Fig. 1). On the
soil bed was prepared via cultivation activities in the fall other hand, higher effective vegetative growth period of
season and manured with 0.8 kg m . Field was ploughed soybean happened in full dose of nitrogen. In a study2

again, disked and then plotted in the spring. The conducted by Flavio et al. [3], fertilization with 80 kg N
experiment was carried out as a split-split plot based on ha  at the beginning of the seed filling period of soybean
randomized complete block design in three replications. lengthened it by 3 days. In this study, N  also reduced
Treatments were two soybean cultivars (L  and Zan), the total amount of fallen leaves at harvest by 10%. 17

nitrogen fertilizer (urea and ammonium nitrate) and rate of Difference among control and treatments with a view
nitrogen (15, 25 and 35 kg ha ). The chemical fertilizers to leaf chlorophyle content index (CCI) was significant.1

used in the experiments before sowing were 4 g m  K O With increasing of nitrogen rate, CCI increased2
2

and 3 g m  P O , based on soil analysis and literature. significantly, compared to the check plots (Fig. 2). 2
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Table 1: Mean squares of nitrogen spraying of soybeans on studied variables.

SV df Leaf senescence time Leaf chlorophyle content index Side branches per plant Thousand seed weight Seed yield

R 2 7.999 1.472 0.965 6.930 920878.861

Cultivar (C) 1 3.361 0.934 7.563 0.723 5178651.778

Error 2 2.632 1.529 0.438 8.441 4796260.194

Fertilizer kind (F) 1 5.444 0.360 0.174 2.614 90801.778

C×F 1 9.000* 28.090 16.674** 1.034 21242881.000**

Error 4 1.160** 22.353 0.507 3.488 830094.139

Nitrogen rate (N) 2 78.882* 526.966** 0.778** 0.679 1871175.444

C×N 2 5.507 8.472 3.583 0.936 866470.111

F×N 2 1.340 5.116 0.778 0.410 2134224.778

C×F×N 2 0.521 2.251 0.194 1.422 463146.333

Error 16 19.615 4.098 0.271 1.052 1382149.125

CV (%) - 9.44 11.66 10.99 8.31 17.95

 *, ** mean significant difference at 5% and 1% probability levels, respectively.

Fig. 1: Mean comparisons of soybean leaf senescence Fig. 3: Soybean side braches per plant affected by
time as affected by nitrogen rate. cultivar and fertilizers.

Fig. 2: Mean comparisons of soybean leaf xhlorophyle of 123 g. This is in agreement with work of Hatami et al.[7]
contentindex as affected by nitrogen rate. on soybean. 

Side branches per plant ranged from nearly 6 in yield was significant at 1%, regardless on the fertilizer rate
treatment of cv. L × nitrate ammonium up to 3.7 in cv. (Table  1)  and  all treated plants had higher yield that17

Zan × nitrate ammonium (Fig. 3). Also, N in cv.  L   and non-treated ones.35 17

N   in  cv.  Zan  caused  to  develop  5.4  and  5  branches15

per  plant,  respectively  (Fig.  4).   An  alternative
approach  to  nitrogen  fertilization  of  soybean  is to
apply nitrogen rate in the growing season. When seed
filling starts, growing seeds become the main sink for
photosynthate and N  fixation declines [5]. Bly et al. [6]2

reported that when soybean fertilized with 20 kg N ha  at1

early flowering stage, its branches per plant increased
33%.

Neither the addition of nitrogen nor the application of
fertilizer kind had any significant effect on thousand seed
weight (TSW) and all plants produced seeds with TSW

Interaction of soybean cultivar × fertilizer on seed
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Fig. 4: Soybean side braches per plant affected by (P<0.05) on seed yield. 
cultivar and nitrogen rate.

Fig. 5: Soybean seed yield as affected by cultivar and 2. Salvagiotti, F.,    K.G.    Cassman,    J.E.   Specht,
fertilizers. D.T. Walters, A. Weiss and A. Dobermann, 2008.

The protective application of nitrogen fertilizer, can in  soybeans:  A  review.  Field  Crops  Research.
accelerate the development of soybean symbiotic 108(1): 1-13.
nitrogen fixation system, regulate the soybean's demand 3. Flavio, H., G. Boem, D. Javier, H. Rimski-Korsakov
for the symbiotic nitrogen and the soil fertilizer and can and S.L. Raúl, 2004. Late season nitrogen fertilization
decrease the application quantity of nitrogen fertilizer, at of soybeans: effects on leaf senescence, yield and
last, can reach the effect of high yield, high nitrogen environment. Nutrient Cycling in Agro-Ecosystems.
fixation and high economic effect [8]. Mean comparisons 68(2): 109-115.
revealed that seed yield in cv. L  treated with nitrate 4. Sij, J.W., F.T. Turner and J.P. Craigmiles, 2008.17

ammonium and cv. Zan treated with urea could be "Starter nitrogen"; fertilization in soybean culture.
increase up to 6700 and 5100 kg ha , respectively (Fig. 5). Communications in Soil Science and Plant Analysis.1

Positive response of soybean grain yield to nitrogen pp: 1451-1457
fertilization has been reported by several researchers. In 5. Zatapa,  M.,  2007.  Applied  N  and  moisture  level
general, nitrogen fertilization of soybean at sowing failed effect  on  yield  of  soybean.  Agronomy  Journal.
to increase seed yield [6, 9, 10]. Ebadi et al. [11] resulted 102: 827-832.
that the application of nitrogen led to a reduction in the  6. Bly, A., H.J. Woodard and D. Winther, 1998.
adverse effect of water deficit, with increase in the Nitrogen application timing and rate effects on
application to as much as 90 kg pure nitrogen per hectare irrigated soybean grain parameters at Estelline and
resulting in a significant increase in the yield of soybeans Aurora, SD in 1998. Soil PR98-36. In: Soil/Water
as evidenced through the increase in the number of pods Science  Research  1998  Annual  Report,  TB  99.
per plant as well as the grain weight of soybeans in all South Dakota Agricultural Experimental Station,
levels of irrigation condition. Corresponding to an Bookings, SD.

increase in the amount of nitrogen applied from 30 to 90
kg per hectare, increases yield of 53%, 84% and 54%,
respectively in 7, 14 and 21 days irrigation intervals. In
another study conducted by Hatami et al. [12], cultivar
and N fertilizer significantly effected on seed yield. With
increasing of N fertilizer application, seed yield increased
significantly.

Plant breeders need production measurement of
certain traits to improve plant characteristics. The multiple
regression equation indicates that leaf senescence time
and leaf chlorophyle content index among independent
variables tested showed a significant positive effect

CONCLUSION

Soybean farmers could improve seed yield of L  and17

Zan cultivars due to leaves spraying with nitrate
ammonium and urea and consequently reduce nitrogen
fertilizer amount, which has an effective role in nutrition
management in sustainable agricultural systems.
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