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The impact of nitrogen addition on the drought resistance of
Pinus massoniana seedlings under continuous drought conditions

TAO Qinghong, FU Yuanhong, DING Guijie

(a. Guizhou Forest Resources and Environment Research Center; b. College of Forestry, Guizhou University, Guiyang 550025, Guizhou, China)

Abstract: [Objective] To investigate the effects of nitrogen addition on water use efficiency and related enzyme activities of
P. massoniana seedlings under continuous drought and re-watering, and to provide reference for exploring whether nitrogen addition
improves drought resistance of P. massoniana. [ Method] One-year-old P. massoniana seedlings were used as experimental materials,
and a nitrogen application group (N) and a control group (CK, no nitrogen fertilizer applied) were set up. Continuous drought and re-
watering experiments were conducted through potted plants. Samples were collected at 0, 20, 40, and 60 days during continuous drought,
as well as two days after re-watering. Soil water content, physiological and biochemical indices, and water consumption were measured
for drought resistance evaluation. [Result] 1) The nitrogen application group increased soil moisture content, stem water potential,
amino acid content, and water consumption of seedlings during the severe extreme drought stage (20-60 days), while reducing soluble
protein, superoxide anion, and malondialdehyde content during the extreme drought stage (40-60 days); 2) During 40-60 days of drought,
the nitrogen application group showed a significant increase in amino acid, proline content, and CAT activity; 3) After re-watering, the
soluble protein, superoxide anion, and malondialdehyde content, as well as the activities of superoxide dismutase and catalase, were
significantly reduced in the nitrogen application group, while the control group maintained high levels, indicating weak recovery ability
after drought; 4) The comprehensive evaluation of drought resistance was conducted on physiological and biochemical indicators using
the membership function method. The results showed that during the extreme drought stage (40-60 days), the nitrogen application
group exhibited strong drought resistance. [ Conclusion] Nitrogen application can improve soil water retention during drought periods,
increase the content of osmoregulatory substances in P. massoniana seedlings, and enhance antioxidant enzyme activity, thereby reducing
cell dehydration and mitigating oxidative damage to seedlings, thus improving their drought resistance and post-drought recovery ability
under drought stress.
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Table 1 Changes of soil water content under drought and re-watering conditions

35 7K & Soil moisture content /%

AHX} 1355 /K & Relative soil moisture content /%

KK Re-watering

33.87%0.17 Ab

41.62+1.56 Aa

71.62+0.36 Ba

TR 1
Drought sustain time /d CK N CK N
0 36.6314.07 Aa 37.61£525Aa 77.44+8.60 Aa 79.51£11.10 Aa
20 15.62+1.62 Be 18.90+1.38 Ab 33.02+3.42 Bb 39.961+2.92 Ab
40 11.01£0.19 Ac 12.27+1.02 Ac 23.2740.40 Ac 25.94+2.16 Ac
60 436+1.21 Ad 6.731+0.99 Ac 9.224+2.56 Bd 14.234+2.09 Ac

87.9913.30 Aa

T AFRKESFRFOR R 25 0%, A FNG T RFROR A S EAF N ] 2 25 22 (P < 0.05) .

Different capital letters indicate significant differences between treatments, Different small letters indicate significant differences among different time points of the

same treatment (P << 0.05).
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Fig. 1 Changes in stem water potential and seedling water consumption of Pinus massoniana under drought treatment
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Table 2 Correlation between physiological and biochemical indicators of seedlings

FEF5 Indicator AA CAT Pro SP SOD POD MDA 0, H,0,

AA 1

CAT 0.61 1

Pro 0.57 0.70 1
SP 0.23 0.86%* 0.52 1

SOD 0.19 0.75% 0.76% 0.81% 1

POD 0.75% 0.28 0.21 -0.05 -0.02 1

MDA 0.05 0.66 0.68 0.86%* 0.88%* -0.18 1
0, 0.03 0.62 0.49 0.77% 0.77% 0.07 0.85%* 1

H,0, -0.01 -0.37 0.1 -0.34 -0.09 0.27 -0.12 -0.09 1

TR AR AL P < 0.05 KT RFMK, #* RoRFEAL P < 0.01 KPR E AR SP I EH H: Pro. A M AA. EFERL: SOD. 8 %1 Wy B AL i
POD. it AL CAT. i S AL O, MHEPIN T H0, % ME; MDA, 7§ R,
“*” indicates a significant correlation at the P << 0.05 level, “**” indicates a highly significant correlation at the P < 0.01 level. SP.Soluble protein; Pro. Proline;
AA. Amino acids; SOD. Superoxide dismutase; POD. Peroxidase; CAT. Catalase; O,. Hydrogen anion; H,0,. Hydrogen peroxide; MDA. Malondialdehyde.

*3 TREALEEFETEHNENRELRBEE RSN

Table 3 Analysis of drought resistance membership functions under different nitrogen application treatments during

sustained drought periods

TR

PR IREI SRR 2R 408 Membership function value of DRI D14 He4
Drought sustain
time /d N Pro AA SOD POD CAT  O,DRI  H,0, MDA  Dvalue  Order
2 ¢ 0.02 0.0 0.01 0.03 0.07 0.00 0.02 0.02 0.06 0.26 1
N 0.02 0.01 0.04 0.00 0.00 0.01 0.05 0.02 0.06 0.21 2
40 ¢ 0.03 0.04 0.03 0.01 0.09 0.09 0.00 0.00 0.05 0.34 2
N 0.07 0.03 0.05 0.03 0.07 0.15 0.01 0.03 0.00 0.48 1
6 ¢ 0.06 0.23 0.02 0.06 0.00 021 0.00 0.03 0.00 0.61 2
N 0.02 0.22 0.16 0.02 0.16 0.13 0.03 0.02 0.0 0.82 1

TSP RVAYEEEE: Pro. ARG AA. ZHER: SOD. A ELEE: POD. & (Ll CAT. i AL AR O, AN &7+ H0, A MDA. .
SP. Soluble protein; Pro. Proline; AA. Amino acid; SOD. Superoxide dismutase; POD. Peroxidase; CAT. Catalase; O,". Superoxide anion; H,0,. Hydrogen

peroxide; MDA. Malondialdehyde.
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