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Regulation of nitrogen, phosphorus, and potassium ratios on carbon and nitrogen
metabolism, as well as growth and allocation in Taiwania cryptomerioides

Ma Xiye'?, Chen Youxiang’, Wang Siyun®, Wang Shaochang’, Liu Yubo'?, Wang Lianchun"*

(1. Southwest Forestry University, Kunming 650224, Yunnan, China; 2. Key Laboratory of Biodiversity Conservation
in Southwest China, National Forestry and Grassland Administration, Kunming 650224, Yunnan, China;
3. Forestry and Grassland Bureau of Pingbian Miao Autonomous County, Pingbian 661299, Yunnan, China)

Abstract: [Objective] To investigate the effects of different nitrogen (N), phosphorus (P), and potassium (K) fertilization ratios on
the accumulation of nitrogen metabolites, soluble sugar content, vegetative growth, and reproductive organ development in 19-year-
old Taiwania cryptomerioides. The goal was to identify an optimal N-P-K fertilization scheme to promote its growth and development.

[ Method) An L,(4°) orthogonal experimental design with three factors (N, P, K) and four levels was employed. The contents of soluble
sugar, soluble protein, and total nitrogen were determined in the buds, flowers, and fruits. Additionally, growth parameters of vegetative
and reproductive shoots were measured. [Result] 1) A comprehensive evaluation indicates that the N3P4K2 treatment has the most
significant overall promotional effect on the main agronomic traits. Under this treatment, bud soluble protein content reaches 9.84 mg/g
and total nitrogen content is 1.97%, representing increases of 116.26% and 28.76% over the control, respectively. The dry weights of
vegetative and reproductive shoots reach 1.21 g and 1.38 g, which are 55.13% and 2.22% higher than the control. Bud soluble sugar
content under this treatment is 49.05 mg/g, a 54.68% increase. The N3P2K4 treatment also shows excellent performance, ranking second
overall, with increases of 114.95% in bud soluble protein, 26.14% in bud total nitrogen, 47.68% in vegetative shoot dry weight, 1.48%
in reproductive shoot dry weight, and 48.50% in bud soluble sugar compared to the control; 2) Nitrogen exerts an extremely significant
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promotional effect (P << 0.01) on soluble protein content and vegetative growth indicators, with effects typically peaking at the N3 level

and showing a downward trend at the N4 level. In contrast, total nitrogen content is generally highest at the N4 level; 3) Phosphorus also

shows an extremely significant promotional effect (P << 0.01) on most measured indicators, with the P3 level performing best for protein

and total nitrogen accumulation; 4) The main effect of potassium is not significant (P > 0.05) for most metabolic and growth indicators;

however, its presence at specific levels is an essential component of the optimal treatments, suggesting a crucial role in nutrient balance

and interaction. [ Conclusion] A balanced N-P-K application, particularly N3P4K2 and N3P2K4 can significantly optimize nitrogen

metabolism and soluble sugar accumulation in Taiwania cryptomerioides.

Keywords: Taiwania cryptomerioides; N-P-K ratio; nitrogen metabolism; reproductive resource allocation; nitrogen threshold
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Table 1 Treatment combinations for the orthogonal experiment

e ;J(EFQH Jifi B 7K P Fertilization level JHEALE: Fertilization amount /(g- ¥k ")
Treatment colr;lbI;r?:teiLn E’f (N> RLBEERES (PO, BERE (KO) R (N BT (PO BRERH (K,0)
rea (N) Phosphorus (P,05)  Potassium (K,0) Urea (N) Phosphorus (P,05)  Potassium (K,0)
Tl N1PIK1 1 1 1 0 0 0
T2 N1P2K2 1 2 2 0 300 200
T3 N1P3K3 1 3 3 0 600 400
T4 N1P4K4 1 4 4 0 900 600
TS N2P1K2 2 1 2 200 0 200
T6 N2P2K1 2 2 1 200 300 0
T7 N2P3K4 2 3 4 200 600 600
T8 N2P4K3 2 4 3 200 900 400
T9 N3P1K3 3 1 3 400 0 400
T10 N3P2K4 3 2 4 400 300 600
T11 N3P3K1 3 3 1 400 600 0
T12 N3P4K2 3 4 2 400 900 200
T13 N4P1K4 4 1 4 600 0 600
T14 N4P2K3 4 2 3 600 300 400
T15 N4P3K2 4 3 2 600 600 200
T16 N4P4K1 4 4 1 600 900 0
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Different lowercase letters following the data in the same column indicate significant differences at the P << 0.05 level. The same below.

& 1
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gEALL)

Fig. 1 Effects of different N-P-K treatments on nitrogen metabolite content in various organs of Taiwania cryptomerioides

%2 FREIN. P. K KFEREZERERRBTYEENHEIN'

Table 2 Analysis of variance of nitrogen metabolite content in various organs of Taiwania cryptomerioides in response to N, P, K

A5 R H o nf M F & & Soluble protein content JER & & Total N content

Source of  Degree of

variation freedom ; Bud ﬁf Flower %i Fruit ;Jﬁ Bud ﬁj‘ Flower %i Fruit
N 3 115.33%** 89.01** 60.25%* 218.95%%* 190.21%* 135.64%*
P 3 66.71%* 53.77%* 78.33%* 55.14%* 47.88%%* 65.39%*
K 3 1.87 1.36 2.03 2.15 1.59 2.30

T o FIR P <0.05, * FIR P <0.01. *indicates P < 0.05, ** indicates P << 0.01.
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Table 3 Effects of different N, P, and K levels on the nitrogen metabolite content in various organs of Taiwania cryptomerioides

F 4 KT A1 2 5 B Soluble protein content /(mg-g ') S & Total N content /%

Nutrient level % Bud 1t Flower HSE Fruit %f Bud 1t Flower RS Fruit
N1 4.58 £ 0.01¢ 6.15 £ 0.07d 5.71 £0.02d 1.54 £0.03¢ 2.15 £0.03d 3.36 £ 0.05d
N2 8.28 £ 0.07b 10.15 =2 0.29 ¢ 931 £0.17¢ 1.78 £ 0.02 b 242 £0.09 ¢ 3.66 £ 0.05¢
N3 9.72 £0.05a 12.16 = 0.31a 11.30 £ 041 a 1.93 £ 0.0l a 2.73 £ 0.04b 3.96 £ 0.07b
N4 6.11 = 0.30d 7.93 £0.19b 7.06 £0.34b 2.09 £0.02a 3.02 £0.04a 430 £ 0.06 a
P1 6.89 £ 0.71b 8.55£090¢c 7.93 £090c¢ 1.80 £ 0.08 a 248 £0.19b 3.77 £021b
P2 7.32 £0.71 ab 9.40 £ 1.06 b 8.65 £ 1.08b 1.84 £ 0.08a 2.57 £ 0.18 ab 3.83 £ 0.22ab
P3 734 £0.80a 9.51 £097a 884 £093a 1.89 £ 0.09 a 259 £0.18a 384 £020a
P4 7.29 £ 0.88 ab 9.11 = 1.06 bc 8.44 £ 1.14 be 1.81 £0.09a 2.50 = 0.20 ab 3.79 £ 0.23 ab
K1 731 £032a 954 £0.72a 8.64 £0.78a 1.83 £0.04a 256 £0.10a 381 £0.11a
K2 749 £0.94a 953 £122a 881 £ 1.27a 1.85 £ 0.09a 258 £0.20a 385+ 022a
K3 7.00 £0.70 a 894 £093a 827 £090a 1.82 £ 0.08a 253 £0.18a 378 £ 020a
K4 6.96 = 0.80 a 8.96 £ 0.99a 8.15+ 094 a 1.84 + 0.09 a 2.57 £ 0.18a 3.80 £ 020 a

TORPEITIE & BrdERR, RSP RNG RN R R EE (P <0.05) , R

Data in the table are mean & standard error (SE), the different lowercase letters in the same column indicates difference significance(P << 0.05), the same below.
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Fig.2 Effect of different N-P-K treatments on soluble
sugar content in various organs of Taiwania
cryptomerioides
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Fig. 3 The effects of different N-P-K treatments on vegetative and reproductive growth of Taiwania cryptomerioides

#£4 AEIN. P. K KERHEFR
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Table 4 Effects of different N, P, and K levels on the vegetative and reproductive growth indicators of Taiwania cryptomerioides

B IR ERR Vegetative growth indicators

BT A K 4845 Reproductive growth indicators

KF

Lovel ek Feoe FeF R Hk Feoe e HF Rk

Shoot length /em  Shoot diameter /mm  Shoot dry weight /g Shoot length /em  Shoot diameter /mm  Shoot dry weight /g
N1 3.51 £0.05d 525 +£0.01d 0.78 £ 0.00d 9.20 £ 0.26 ab 6.06 = 0.09b 1.33 £ 0.01b
N2 4.82 +0.05¢ 5.50 £ 0.09 ¢ 0.85 £ 0.0l ¢ 8.28 £ 0.50b 6.38 £ 0.09a 1.35 & 0.01 ab
N3 559 £ 0.04a 581 £0.0la 1.18 £ 0.02a 9.00 £ 0.22 ab 6.10 £ 0.08 b 1.37 £ 0.00 a
N4 322 £0.02b 512 £0.02b 0.75 £ 0.01 b 9.38 £ 0.26a 6.40 £ 0.13a 1.37 £ 0.00 a
P1 428 £0.36b 534+ 0.11b 0.88 £ 0.09b 846 +0.23b 6.12+0.18a 1.36 £ 0.0l a
P2 431 £0.32b 5.42 + 0.10 ab 0.89 = 0.09 ab 8.99 + 0.39 ab 6.25+0.13a 1.35 = 0.01a
P3 445 £ 030a 548 £0.09a 0.90 £ 0.09 a 9.20 = 0.13a 6.23 = 0.07a 1.35 £ 0.0l a
P4 428 £0.37b 545 + 0.12 ab 0.90 £ 0.10a 9.02 £+ 0.18 ab 6.23 = 0.09a 1.36 £ 0.0l a
K1 441 £029a 542 £0.09a 091 £0.09a 851 = 033b 6.20 = 0.04 a 1.36 £ 0.0l a
K2 448 £ 040a 547 £0.14a 0.90 £ 0.10a 9.15+020a 6.04 = 0.13a 1.35 £ 0.0l a
K3 429 £ 034a 542+ 0.11a 0.88 £ 0.09 a 9.11 = 0.38a 624 £ 0.11a 1.35 £ 0.0l a
K4 414 £ 0.36a 537+ 0.14a 0.88 £ 0.09 a 8.90 + 0.15 ab 6.35+0.09a 1.36 = 0.01a
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Fig.4 Pearson correlation analysis between main nitrogen metabolism indicators and growth indicators in Zaiwania cryptomerioides
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Table S Membership function values and comprehensive evaluation of main agronomic traits of Zaiwania cryptomerioides
under different N-P-K ratio treatments

FJ@ PR HU{E Membership function values

YR

LA

Triifent g‘uﬁdfflt’i% Eli;i; FRE AR Re fjﬁ?ﬁf W R EE&ETE'Z:FJDE% N Average membership ~ Comprehensive
conten}t) Bud total N content P ;le (;lg\;}el ranc epr(()ir;l(i:;zhtranc value ranking
Tl 0 0 0.261 0.611 0.218 15
T2 0.009 0.051 0.445 0.000 0.126 16
T3 0.010 0.175 0.702 0.000 0.222 14
T4 0.006 0.000 0.940 0.000 0.236 13
T5 0.713 0.352 0.000 0.111 0.294 12
T6 0.717 0.390 0.275 0.278 0.415 11
T7 0.742 0.471 0.610 0.667 0.622 9
T8 0.687 0.500 0.494 1.000 0.670 8
T9 0.960 0.603 0.261 1.000 0.706 5
T10 1.000 0.678 0.681 1.000 0.840 2
TI11 0.968 0.672 0.181 0.833 0.664 7
T12 1.000 0.737 0.729 1.000 0.866 1
T13 0.106 0.852 0.143 1.000 0.525 10
T14 0.39 0918 1.000 1.000 0.827 4
T15 0.401 1.000 0.954 1.000 0.839 3
T16 0.386 0.898 0.440 1.000 0.681 6
xo6 MRAESIRAIRERTEIRXTILL
Table 6 Comparison of selected indicators between the optimal treatment and the control treatment
| FUREERAAR - BB R AERBTRL TR i
Treatment Bud soluble prot?m Bud total N content /% VegetathF: branch dry Reproductllve branch dry Bud soluble 1
content /(mg-g ) weight /g weight /g sugar content /(mg-g )
Tl 4.55 £ 0.02 1.53+ 0.01 0.78+ 0.00 1.35+ 0.00 31.71 = 0.40
T12 9.84 £ 0.06 1.97 £ 0.01 1.21 £ 0.00 1.38 = 0.00 49.05 £ 0.36
T10 9.78 £ 0.03 1.93 £ 0.00 1.15 £ 0.00 1.37 £ 0.00 47.09 £ 0.21
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