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Effects of phosphate fertilizer descending depth on nitrogen-containing
protective substances and cold resistance of alfalfa root crown
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Abstract; To explore the effects of the depth of descending phosphate fertilizer on physiological characteristics
of the overwintering organs of alfalfa, the ‘ Gibraltar’ alfalfa variety was sown on July 1, 2020. Five treatments of
phosphate fertilizer depth included the ground surface, 7.5, 15, 22.5, 30 c¢m from the ground (respectively repre-
sented by S, S,, S,, S;, S,), and no fertilization as the control (CK). Simulated low temperature treatment on
the root crown of alfalfa during the overwintering period (4,-10,-20°C and —30°C ) was used to determine the rel-
ative conductivity, the content of nitrogen-containing protective substances ( soluble protein, proline, free amino
acid content) . The results showed that with the decrease of low temperature stress, the relative conductivity of alfal-
fa root crown displayed a continuous increase. The soluble protein and free amino acid had a trend of first increasing
and then decreasing. The contents of soluble protein, proline and free amino acid were all reached the maximum
value at —10°C , which increased by 65.18% ~144.67% ,46.24% ~133.33% and 27.13% ~57.01%, respectively,

compared with 4°C treatment. The relative conductivity of alfalfa root crown was the smallest under the treatment of
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S, phosphorus application depth of 15 ¢cm, which was reduced by 24.87% ~57.21% compared with CK. The value

of the soluble protein content of alfalfa root crown was the largest under the treatment of S, phosphorus application

depth of 15 em, which was higher than that of CK and other treatments. The advanced phosphorus application treat-

ment increased by 8.18% ~79.81%. The proline and free amino acid content of the alfalfa root crown was significant-

ly higher than other advanced phosphorus application treatments under the S,, S, and S, treatments, indicating that

the application of phosphate fertilizer 15 ¢cm (S, treatment) from the soil surface was the most beneficial for increasing

the nitrogen content of alfalfa, reducing the relative conductivity, and improving the cold resistance of alfalfa.

Keywords: alfalfa; phosphate fertilizers down; nitrogen-containing protective substances; cold resistance;
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Table 1 The effect of phosphorus application depth on

the relative conductivity of alfalfa root crown

ﬂ‘fﬂ (E{J}{ﬂ‘fﬂ Temperature treatment/ °C

Treatment

4 -10 -20 -30

CK 13.99+0.89aD  26.29+0.85aC  41.82+1.79aB  60.32+3.48bA
Sy 10.98+0.91abC 13.60+0.53cdC 40.03+2.70aB 56.39+2.23cdA
Sy 9.59+0.49bD  15.30£1.95cC  24.31+1.07cB  54.37+3.10dA
S, 9.33+0.73bC  11.25+£2.01dC  21.23+1.28cB  45.32+0.83eA
S; 11.24+2.51abD 20.42+0.99bC  31.78+3.91bB  65.52+3.37aA

S, 11.26+1.11abD 16.30+1.49cC  40.18+2.10aB  59.69+3.53bcA

T /NE SR 35 AR [ 30 b 28R A [R]85 HE 9 B2 b 2 18] 174
225 W3 KB 35 AR R WA T BE A 3T AN ] PR i J 3 4k 38
7] 2% 5% & P (P<0.05) , T A

Note: Lowercase letters indicate the significant difference between
different phosphate fertilizer treatments under the same low temperature
stress treatment. Uppercase letters indicate the significant difference be-
tween different low temperature stress treatments under the same

phosphate fertilizer treatment( P<0.05). The same below.
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Table 2 The effect of phosphorus application depth

on the soluble protein content of alfalfa root crown

HREEALPE Temperature treatment/ °C
QbEg

Treatment

4 -10 -20 =30

CK 2443+0.68cB  39.38x1.66dA  29.52+034dB  25.20+2.45¢B

So 32.57+0.74abC  63.60+4.49abA 48.15+1.31abB  34.64+4.31bC

5 30.33+1.65bcC  56.54+740bA  42.69+1.34bcB  39.20+2.67abB
S, 30.03+3.69aC  68.87+5.33aA  53.08+2.15aB  43.51+6.03aC
S3 20.18+2.28bcC  48.20+2.60cA  39.08+021cB  24.84+4.10cC

S, 23.10+1.88¢cC  56.52+5.35bA  29.85+4.63dBC  32.39+3.65bB
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Table 3 The effect of phosphorus application depth

on the proline content of alfalfa root crown

HREEALFE Temperature treatment/ °C

st
Treatment 4 _10 ~0 30
CK 2.65+0.23bcA  3.20£0.20dA  2.61+0.57bA  2.44+0.40cA
Sy 4.65+0.62aB  6.80+0.44aA  4.81+0.12aB  6.66+1.37aA
S, 3.09+0.34bB  4.83+0.41bcA  4.58+0.49aA  5.16+0.68bA
S, 3.14+0.24bB  5.18+0.19bA  4.65+0.23aA  4.80+0.63bA
S5 2.59+0.34bcB  4.24+0.37cA  4.17+0.66aA  4.57+0.59bA
Sy 2.13+0.30cC  4.97+0.13bcA  1.63+0.39¢cC  3.12+0.38¢B

F4 HHREMERRAFESERGBOHI (mg - ¢)
Table 4 Effect of phosphorus application depth

on free amino acid content of alfalfa root crown

yhsii] HREEALFE Temperature treatment/ °C
Treatment 4 -10 -20 30
CK 2.07+0.11cB  3.36+0.36bA  2.15+0.14bcB  0.02+0.00aC
So 2.94+0.39aB  3.9£0.23aA  2.85:0.24aB  0.04+0.00aC
S, 247+0.32bB  3.74+0.25aA  2.72+0.10aB  0.04+0.01aC
S, 247+0.26bC  3.75+0.12aA  2.83+0.19aB  0.04+0.00aD

Sy 2.44+0.22bcB  3.13+0.47bA  2.47+0.24abB  0.04+0.00aC
Sy 2.17£027bcB  3.08+0.21bA  1.92+0.17¢B  0.03+0.00aC
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2 IR 1 5 T B O R o R R IE A G (P<
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Table 5 Correlation between relative conductivity and nitrogen-

containing protective substances in alfalfa root andcrown

WA M E bR
Temperature Measurement ~ REC SP Pro AA
treatment/ °C index
REC 1.00
SP -0.71 1.00
4 Pro -0.25 0.55 1.00
AA -0.50 0.62 0.91** 1.00
REC 1.00
“10 SP -0.99"* 1.00
Pro -0.81" 0.82* 1.00
AA -0.57 0.61 0.61 1.00
REC 1.00
20 SP -0.67 1.00 .
Pro -0.62 0.89"* 1.00
AA -0.62 0.94** 098" 1.00
REC 1.00
30 Sp -0.93" " 1.00
Pro -0.32 0.48 1.00
AA -0.62 077" 091" 1.00

Hs o FRBEMIC(P<0.05) 5 + + Fmi i FHIZE(P<0.01)
Note: * indicats significant correlation (P<0.05); * * indicats

extremely significant correlation (P<0.01).
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