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The role of the fertilizing with nitrogen, calcium and sodium chloride in winter

wheat leaves adaptation to freezing-thaw stress

LIU Jianfang, ZHOU Ruilian* , ZHAO Mei, ZHAO Yanhong, WANG Yanfang
School of Life Science, Ludong University, Yantai 264025, China

Abstract: Warmer winters and extreme climate fluctuations induced by increasing global temperatures result in freeze-thaw
cycle stress. Helping winter wheat cope with this stress is a key to maintaining stable agricultural development. The goal of
this study is to reveal the role of different fertilizer applications in enhancing winter wheat tolerance to freeze-thaw as
evidenced by physiological and biochemical parameters.

In late fall, winter wheat was sown in pots and grown for 7 days, then fertilized with either nitrogen (60 mmol/L
NH,CO,), calcium (100 mmol/L CaCl,) or salt (100 mmol/L NaCl) for 30 days or given no fertilizer ( control). After 30
days, seedlings were transferred to growth-chambers and subjected to a freeze-thaw cycle using a regimen of 3 hours at each
of 15C, 0°C, -15°C, 0°C, and 15°C. When the temperature decreased from 15°C to —15°C, the leaves froze and
membrane permeability increased by 62.3% and lipid peroxidation productd by 40% . When the temperature was increased
from —15°C to 15°C, the leaves thawed and membrane permeability and lipid peroxidation declined. The changes in
membrane permeability and lipid peroxidation of winter wheat leaves exhibited a significant negative correlation (R =

-0.89"", R=-0.85"") with thaw-freeze stress. The activity of catabalase ( CAT) increased with the temperature drop
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from 15°C to —15°C ,but the activities of superoxide dismutase (SOD) and peroxidase (POD) were higher at 0°C.

However, compared to the controls, the membrane permeability and MDA content in the leaves of winter wheat treated
with different fertilizers and salt were lower, but the activities of SOD, CAT and POD were higher, indicating that fertilizer
application reduces membrane lipid peroxidation and enhances membrane antioxidant capacity. There were differences
between nitrogen and calcium fertilizers and salt in regulation of osmolytes in the leaves of winter wheat under thaw-freeze-
thaw stress. During thaw-freeze-thaw stress (temperature drop from 15°C to —15°C and increase from —15°C to 15°C ), the
leaves of winter wheat with N fertilizer had 44.3% higher proline and 23. 6% higher soluble protein content but 17. 3%
lower soluble sugar content than controls. The leaves with calcium fertilizer had 57. 5% higher soluble sugar content and
leaves with NaCl had 37. 1% higher soluble sugar content than controls. This indicates that nitrogen fertilizer may be
increasing proline and soluble protein content through improved nitrogen metabolism, and the increase in soluble sugar
content with calcium fertilizer and salt may be through improved glucose metabolism.

This study suggests it may be efficient and cost-effective to provide winter wheat seedlings both kinds of fertilizers in
winter. These fertilizers can not only increase several types of osmolytes to prevent formation of ice within plant cells but
also enhance the activities of antioxidant enzymes to prevent membrane lipid peroxidation in response to freeze-thaw stress.
The application of fertilizers in winter thus make seedlings more tolerant to freeze-thaw stress and strengthen growth the next

spring.
Key Words: freeze-thaw; antioxidant enzyme; osmolytes; lipid peroxidation
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Fig. 1 Changes in electrolyte leakage and MDA content in the leaves of winter wheat during thaw-freeze stress
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Fig. 2 Changes in activities of superoxide dismutase (SOD) ,catalase ( CAT) and peroxidase ( POD) in the leaves of winter wheat during

thaw-freeze stress
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Fig. 3 Changes in the contents of proline, soluble protein and sugars in the leaves of winter wheat during thaw-freeze stress
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F1 FRMEIEAAFREHMBELELNEN FRELBNEEATYRSBEENEXXRSH
Table 1 Analysis on correlation between activities of antioxidant enzymes, osmolyte contents in the leaves of winter wheat treated with the

fertilizers of nitrogen and calcium and sodium chloride and temperature during freeze-thaw process

%t #& Control AUIE Nitrogen FEHE Calcium FAL4M NaCl
il 853 dh -0.861" -0.921 ** -0.93** -0.875"
CAT -0.672 -0.399 -0.435 -0.086
SOD -0.276 -0.178 -0.019 0.07
POD -0.312 -0.574 -0.279 -0.178
i 2R -0.492 -0.927** -0.399 -0.504
ATV -0.11 0.107 0.438 -0.28
HAT 0.823* 0.757 0.444 0.714
[t -0.653 -0.938 ** -0.907 -0.888"

+FORIEME, — R, =« FIRTE0.05 BEKT L, « « FIRTE0.01 BEKF L
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SEUK I AR A AR D0 T VR ol 2 9 A i ) LA e (B S AL RE T (0 CAT 16 11— B8 ) , i
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ARG 12 T X & U SOD At CAT., 16 W R [R) AEURH AR e 3 46 P A 0 4 285 1 2 v 3 2 80305 4 e o A i 4
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