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Effects of Combined Application of Nitrogen,Phosphorus,Potassium,and Calcium on the

Growth and Physiological Characteristics of Parashorea chinensis Seedlings

LI Ting,LIU Li, WU Zhi-wei, HUANG Song-dian"

(Liang fengjiang National Forest Park s Nanning 530031 ,Guangxi sChina)

Abstract; To explore the effects of combined application of N,P,K,and Ca on the growth and physiological
characteristics of Parashorea chinensis seedlings to screen out the optimal application formula,to provide a
technical reference for the seedling cultivation. One-year-old P. chinensis seedlings were used as materials,
an orthogonal experiment with the design of .16 (4*) was adopted. Extremely significant differences (P<C
0.01) in the seedling growth and physiological characteristics were found among different combinations.
Treatments N,P,K,Ca, and N;P,K,Ca, were favorable to seedling growth,and N,P,K, Ca, and N, P, K, Ca,
were beneficial for physiological characteristics. The growth of the seedling height was most significantly
and positively correlated with the contents of chlorophyll,soluble sugar,soluble protein in leaves,and most
significantly and negatively correlated with malondialdehyde content. Significantly positive correlation was
also found between the growth of ground diameter and chlorophyll content. Treatment No. 7 (100 mg N+
20 mg P+80 mg K) and treatment No. 12 (200 mg N+40 mg P+20 mg K) were the best combinations
for the seedling growth,the treatment No. 11 (200 mg N+20 mg P+50 mg Ca) and No. 12 (200 mg N+
40 mg P+20 mg K) were best to physiological characteristics. Nitrogen was the essential factor for seed-

ling growth,while P and K were beneficial to the growth of ground diameter. The addition of proper a-
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mount of calcium could promote the physiology activity of the seedlings,but excessive calcium may lead to

stress.

Key words: Parashorea chinensis; combination fertilization; seedlings; physiological characteristics
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Table 1 L16(4")orthogonal design of fertilizing treatments
H £ K
] N(NH, NO, i/ ) P(NaH,PO4 « H,O BUiitd)  K(KCI gt i) Ca(CaO Mt jiti ) KAl A
/(mg -+t D /(mg« ¥ /(mg « ¥ /(mg -« ¥
1 0 0 0 0 N,P,K,Ca,
2 0 10(50. 37) 20(38. 13) 50(69. 96) N, P, K, Ca,
3 0 20(100. 75) 40(76. 27) 100(139. 92) N,P,K,Ca,
4 0 40(201. 50) 80(152.53) 200(279. 84) N,P,K,Ca,
5 100(285. 86) 0 20(38.13) 100(139. 92) N,P,K,Ca,
6 100(285. 86) 10(50. 37) 0 200(279. 84) N,P,K, Ca,
7 100(285. 86) 20(100. 75) 80(152.53) 0 N,P,K,Ca,
8 100(285. 86) 40(201.50) 40(76.27) 50(69. 96) N,P,K,Ca,
9 200(571.71) 0 40(76. 27) 200(279. 84) N,P,K;Ca,
10 200(571.71) 10(50. 37) 80(152.53) 100(139. 92) N,P,K,Ca,
11 200(571. 71) 20(100. 75) 0 50(69. 96) N, P, K, Ca,
12 200(571.71) 40(201. 50) 20(38.13) 0 N,P,K,Ca,
13 400(1143. 43) 0 80(152.53) 50(69. 96) N,P,K,Ca,
14 400(1143. 43) 10(50. 37) 40(76.27) 0 N,P,K,Ca,
15 400(1143. 43) 20(100. 75) 20(38.13) 200(279. 84) N, P;K,Ca,
16 400(1143. 43) 40(201. 50) 0 100(139. 92) N,P,K,Ca,
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Table 2 Growth of Parashorea chinensis seedlings under different N,P,K,Ca fertilizer treatments

" EN 551 Wikt 30 d )5 %52 ki 30 d JG %53 ki 30 d A R
Bl
Wi /em  HA/mm W /cm HA/mm WE/cm M2 /mm WE/ecm  HIA2/mm WE/ecm  HLAZ/mm

1 13.1° 2. 89" 17. 1% 3. 63 18. 3¢ 4. 49* 20. 6° 4. 228 7.68 1.33%¢
2 12.7° 2.85" 16. 7% 3.54 19.1¢ 4. 40" 20. 8" 4,528 8. 2t 1. 66"
3 12.7° 2. 96" 15. 8¢ 3. 40¢ 18.1¢ 4, 25ebede 21.0° 4.35% 8. 3% 1. 40P
4 13. 2" 2.94" 17. 4 3. 77" 19.5¢ 4. 03 20.7° 4.278 7.4% 1.29%
5 12.9° 2. 89" 18. 2% 3. 63 26. 1% 4. 35°d 31. 6 4.63™ 18. 7% 1. 740
6 13.0" 2. 98" 19. 4" 3,89 25. 0" 4. 36 29. 8 4.65™ 16. 8" 1. 670
7 12.9* 2. 90" 18. 53" 3.89%" 27. 6" 4.62° 37.8" 5. 24" 24.9° 2.32°
8 13.1° 3.01° 18. 9% 4.02% 27.5° 4. 31 35. 7% 1.79" 22.6% 1.77%
9 13.0° 2.99° 17. 60 3.62% 24. 0™ 3.93% 27.5¢ 4.30° 14, 4¢ 1.30%
10 12.9* 3.02° 17. 9 3.61 27.1% 4. 19b 33. 8" 4.52" 20. 9" 1. 50"
11 13.0° 2. 74" 17. 1% 3.42¢ 24, 5% 3.85¢ 31. 4 4.25° 18. 3% 1,510
12 13.1° 2.81° 17. g 3. 66" 26. 6% 4. 110 36.6° 4.61% 23.4% 1.79°
13 13.2° 2. 75" 18. 42 3. 82" 25. 9 4, 15" 31. 2 4. 42"% 18.0¢ 1. 63"
14 13.0° 2.77" 17. 4 3.53% 24, 4™ 4. 05" 30. 2¢ 4.45" 17.0% 1. 63bede
15 13.0° 2.81° 18. 1% 3. 88 23.0° 4. 180 27.0" 4.27° 13. 3 1.25¢
16 13.0" 2.88" 18. 2% 4. 24" 23.0° 4. 38" 27. 2 4.38"™ 14.1" 1. 49bede

T /NG FRERRTE P<70. 05 K b B FMESR 8 P<<0.01 KF B RFZER. FH.
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Table 3 The content of chlorophyll,soluble sugar,soluble protein and malondialdehyde under different N,P,K,Ca fertilizer treatments
e ﬂl‘ﬁ%%‘iﬁ uﬂﬁ‘rﬂfﬁﬁ it ufiﬁﬁEHLﬁ% iy ﬂi:ﬁi“ﬁ‘?
/(mg+g b /(mg+g b /(mg+g b /(pmol « L™ 1)
1 1.293340. 0634 9.989140. 3333¢ 4.2083+0. 6824 8.284240. 9202"
2 1.3314+0.0586" 10.209440. 2769 4.172240. 4137 8.719240. 8790"
3 1.150540. 0643 9.648240. 20611 4.3968+0. 47394 9.509840. 9266"
1 1.107940. 0633¢ 9.33224-0. 26484 3.67854-0. 3999 11. 545440, 4512°
5 1.861940.1033¢ 12.8607+0. 4997° 5.129740. 8674 7.234640.8716%
6 2.196440. 0544° 15.8876+0. 9316" 4.979740. 7952 7.078541. 1886
7 2.640140.1198° 15.9585+0. 4314" 7.892840. 3518" 5.519140. 2237
8 2.721840.0753" 15. 6668+0. 3873" 7.936740.6104" 6.063740. 7918%
9 2.271340.0928¢ 16.004140. 5294" 4.6248-+0. 6820°" 6.297940. 8587%
10 2.552440.1125¢ 15.985140. 8265" 7.746340. 2933" 6.031141.1653%
11 2.928440.1701" 17. 4658 40. 9960° 10. 3126 +0. 8102° 4.401040. 8731
12 2.971440.1173" 17.3314+0. 8583° 10.52254-0. 4089" 3.744840. 6642F
13 2.754240.1053"™ 15.6902+0. 5862" 7.537640. 4818" 5.689440.1988°
14 1.737240.1312¢ 12.9016+0. 7029° 5.552940.8771° 7.2898=40. 7432
15 1.821740.1672° 12.739474-0. 5258° 5.404340. 2974% 7.33834-0. 7400%
16 1.872940.1762¢ 12.7008+0.5766° 4.935440. 3655 7.388041.3901%
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Table 4 Correlation coefficient of each index of seedlings on different N,P,K,Ca fertilization

i Wi b g LA M IR W
e 1.000
Az 0.8205"" 1. 000
LRSS Sty 0.8532"" 0.543" 1. 000
AR S 0.809 5" " 0.484 2 0.956 5" " 1. 000
TTRMEEA & 0.7433"" 0.417 0.8661"" 0.758 8" " 1. 000
(i3 sy —0.779 2" " —0.478 6 —0.905 8" " —0.880 7" " —0.8271°" 1. 000

. x SRR BEML, x » SRIRWBEME,
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Fig. 1 The rate of change of physiological indicators under different N,P,K,Ca fertilizer treatments
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