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Abstract

In order to increase the fertilizer use efficiency, the effects of different ratio of slow-release fertilizer,
water retention agent and compound fertilizer in wheat production on senescence of flag leaf in winter wheat
had been studied. The results showed that, water retaining agent 15 kg/ha with slow-release fertilizer 324
kg/ha and compound fertilizer 324 kg/ha (T2) effectively maintained the activities of superoxide dismutase
(SOD), peroxidase (POD), catalase (CAT) activity and soluble protein content in wheat flag leaves after
flowering, and reduced the malondialdehyde (MDA) content which could delay the flag leaves senescence
and gain high yield in wheat.

Introduction

In agricultural production, fertilizer is one of the important factors in determining yield and
quality for crops. However, at present the majority people of China commonly use some wrong
fertilization methods, such as chaos and indiscriminate fertilization, so fertilizer utilization rate
was only about 30% (Li and Shi 2012). The phenomenon was leading to the increase in fertilizer
costs and environmental pollution (Yan and Shi 2008). Faced with this phenomenon, urgently
needed a reasonable proportion of fertilizer, it can effectively provide the necessary nutrients for
crop growth and development, as well as protect the natural environment (Luo and Shu 2010, Ren
and Shi 2018).

Slow-release fertilizer could effectively delay the release of fertilizer nutrients, so the time
and intensity of fertilizer nutrient release and crop nutrient absorption law coincides, which to a
certain extent, be able to coordinate the needs of plant nutrients, protect and improve crop yields
nutrient supply, thus it could reduce fertilizer loss, effectively improve fertilizer utilization
efficiency (Li et al. 2008, Li et al. 2013). Water retention agent was a new type of polymer
materials, it has a strong ability to absorb water and control action to release retained water, the
release of the moisture is relatively consistent to the law of water needed for crop growth and
development (Liu et al. 2013). Most of the studies have demonstrated that the use of slow release
fertilizer was good for improving soil fertility and growth environment of crop. Studies have
shown that the use of slow-release fertilizer could improve the utilization of wheat yield and
nitrogen (Yan and Shi 2012). Other studies have shown that the use of water retention agent could
improve the moisture and yield of wheat leaf (Zhao et al. 2004). Studies have shown bo-organic
fertilizer could improve the soluble sugar content and root activity in wheat root, reduce the
content of MDA, and improve the superoxide dismutase and catalase activity in wheat flag leaf,
increase the content of proline, delay the senescence of wheat. It has a positive effect on
improving wheat yield (Yin and Nang 2013).

There were lots of reports about the application of slow-release fertilizer, water retention
agent and fertilizer in wheat production, but the study of the mutual proportions among the three
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was rarely reported. In the present investigation, the effect of different fertilizer ratio on
senescence of flag leaf in winter wheat was studied and the optimum ratios of fertilizer, which
provide a theoretical basis for the production practices of wheat was observed.

Materials and Methods

The experiments were carried out from October 15, 2013 to June, 2014 in the open field in the
Qingdao Jiaonan Plots, Shandong Province, China. The experiment material was the wheat variety
“Jimai 22”. The Conventional Complex Fertilizer (CCF) labelled YAN NONG complex fertilizer
whose formula was of 22-8-12 produced by the YAN-NONG-Weifang Agricultural Chain Co.,
Ltd. was used. The water retaining agent was produced by Anxin Company.

There were 5 treatments with different fertilizer ratios which were CK (Compound fertilizer
934.5 kg/ha), T1 (Water retaining agent 15 kg/haand compound fertilizer 750 kg/ha), T2 (Water
retaining agent 15 kg/ha, controlled-release fertilizer 324 kg/ha and compound fertilizer 324
kg/ha) and T3 (Water retaining agent 15 kg/haand controlled-release fertilizer 573 kg/ha) (Table
1). The cost between treatment was same. All fertilizers were applied as basic dose. Randomized
block design was maintained in the field with three replication per treatment. The plot size was 20
m x 20 m. No fertilizer and irrigation were applied during the growth and development of wheat.
Wheat seed was sown on October 15, 2013 and the seeding quantity was 180 kg/ha. Protection
and other cultural practice were done in the experimental field.

Table 1. Experiment processing settings.

Treatment Super absorbent resin Slow-release fertilizer Compound fertilizer
(kg/ha) (kg/ha) (kg/ha)

CK 0 0 9345

T1 15 0 750

T2 15 324 324

T3 15 573 0

Fresh samples were taken to determine the wheat flag leaf senescence in 7, 14, 21, 28 days
after flowering.

The soluble protein content of flag leaf was determined by Coomassie brilliant blue G-250
staining. The MDA activity of flag leaf was measured by amphi-spectrophotometer. The SOD
activity of flag leaf was measured by riboflavin. The POD activity of flag leaf and the CAT
activity of flag leaf were measured by the method of Li (2000). Test data were analysed by the
EXCEL.

Results and Discussion

Fig. 1 shows that different fertilizer ratios could affect the different SOD activity in winter
wheat flag leaves. With the increasing the days after winter wheat flower, the SOD activity of
leaves showed a downward trend. The highest decrease of the SOD activity of CK was found after
28 days of winter wheat flowering (61.2%). The performance of T2 treatment was the best whose
SOD activity decreased only 37.7% after 28 days of flowering. Fig. 1 also shows that the use of
water retaining agent and slow-release fertilizer could effectively reduce the rate of decline in
SOD activity of winter wheat flag leaves and effectively inhibit its flag leaf senescence.

Fig. 2 shows the effect of different fertilizer ratios on the CAT activity of winter wheat flag
leaf where with the increase of the days after flowering, the CAT activity of winter wheat flag leaf
was firstly increased, then a decreasing trend was observed. Compared to other treatments in T2
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treatment CAT activity highly increased and the decline was slow. The CK of control showed a
slow rate of increase but decline more rapidly. The overall performance of the trend was CK > T1
> T3 > T2. This indicated that the T2 fertilizer ratio effectively improved the CAT activity of

winter wheat flag leaves and delayed senescence of flag leaf.
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Fig. 1. Effect of different fertilizer ratios on the SOD activity in winter wheat flag leaf.

140.00
120.00 m—
100.00 §
80.00
60.00
40.00
20.00
0.00

CAT activity (units/g)

0 7 14 21 28
Days after flowering (d)

Fig. 2. Effect of different fertilizer ratios on the CAT activity in winter wheat flag leaf.
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Fig. 3. Effect of different fertilizer ratios on the POD activity in winter wheat flag leaf.
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Fig. 4. Effect of different fertilizer ratios on the MDA activity in winter wheat flag leaf.

Fig. 3 reveals that the effects of different fertilizer ratios on POD activity of winter wheat flag
leaf was found different. With the increase of the days after flowering the POD activity increased
firstly. Then a decreasing trend was found. The POD activity of T2 decreased relatively slow, but
the POD activity values were higher than other treatments. In the control group POD activity of
CK was minimum. Fig. 3 also shows that the ratio of fertilizer of T2 improved the POD activity of
wheat leaves better, which could better reduce the active oxygen damage to the blade, effectively
inhibit the senescence of leaf.

As shown in Fig. 4 that with the increase of the days after flowering, the effect of different
fertilizer ratios on the MDA activity of winter wheat flag leaf was found different. The MDA
activity of CK was growing fast, the MDA actively of but T2 was growing slow and found lowest.
The fertilizer ratio of T2 could effectively reduce the activity of MDA in winter wheat flag leaves,
and delay of leaf senescence.

The effect of different fertilizer ratios was found different in protein content of winter wheat
flag leaf (Fig. 5). The overall performance was first increased and then decreased. The soluble
protein of T2 was found highest and the lowest value was obtained in CK in the 28 days after
flowering. The level of soluble protein content was an important sign of wheat leaf senescence,
the lower content induced the quick senescence in winter wheat flag leaf.
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Fig. 5. Effect of different fertilizer ratios on the soluble protein content in winter wheat flag leaf.
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The flag leaf was the most important functional leaves in wheat late stage, their physiological
characteristics were closely related to the growth of wheat, which affected the yield and quality of
wheat. It was found that with the decrease of soluble protein content, the content of peroxidase
activity and MDA increased in the latter part of the growth of wheat. It accelerated aging of the
leaves. It was also found that increasing nitrogen application could effectively improve the
osmotic adjustment ability of wheat leaves, and delay wheat flag leaf senescence (Hu et al. 2014).
Wheat flag leaf cells exist many organic osmolyte substances those have important role in cell-
penetrating regulating. The experimental results showed that the fertilizer ratio of T2 increased
soluble protein content of winter wheat flag leaf, decreased protease activity, thereby increasing
the osmotic adjustment ability of leaf cells, delayed the wheat leaf senescence.

Plant cells have ROS production and clearance mechanism in dynamic equilibrium state. In
the early growth of plants it had very stable balance, but this balance is broken when the plant
growth late, it could produce large amounts of reactive oxygen species which damage the plant
cells, reactive oxygen species will aggravate membrane lipid peroxidation, damage to the
membrane system, accelerated plant senescence. POD, SOD and CAT were important protective
enzymes in wheat leaf cells, those were able to effectively remove reactive oxygen species within
the cell and thus serve to maintain intracellular reactive oxygen balance and protection cells (Yan
and Shi 2013). MDA is one of the final product of membrane lipid peroxidation, which could be
combined with intracellular nucleic acids, proteins, etc. and then loss the activity, thus it could
further fail the biofilm and intracellular substances institutions function, eventually leading to the
plant cell injury and even death (Zhao et al. 2008). Wheat growth stage controlled-release
fertilizer, water retaining agent and reduce soil bulk density, increase soil porosity maintain the
good soil permeability and water ~ fertilizer supply in wheat growth stage (Ren et al. 2011).
Controlled-release fertilizer could improve soil structure, increase soil microorganisms, improve
related activity in wheat after blooming. Fertilizer and water retaining agent could provide water
and fertilizer supply for the growth of wheat, effectively improve root activity of wheat (Zheng et
al. 2009). It could ensure adequate nutrients for wheat, from vegetative growth to reproductive
growth, improve protective enzyme system of cells, reduce membrane system to damage, increase
the ability of anti-aging in wheat flag leaves (Kuang et al. 2011).

The experiment showed that the reasonable proportion of water retaining agent, controlled-
release fertilizer and fertilizer could increase SOD, POD, CAT activity and soluble protein content
in winter wheat flag leaves after flowering, effectively reduce the activity of MDA, and caused the
flag leaf senescence. Now, the reasonable proportion of fertilizer not only can effectively inhibit
leaf senescence. But increase photosynthetic capacity and yield of wheat, and also effectively
improve the utilization of fertilizer nutrients. It is conducive to save resources and protecting the
environment and promoting the development of modern high-efficiency ecological agriculture.
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