AT OR KK ¥ F R, 2023, 40(1): 115-125
Journal of Zhejiang A&F University
doi: 10.11833/j.issn.2095-0756.20220223

RBEC N M E AR ER RS RERZM
FEA2, FEL, FER, RER, I A, BN, HEH

(L PR MOl R bheiebe, =g B 6502245 2. m i AL RRA B Pl W 2 UHAEMBT ST, =/ PR
678000)

WE: [ Aey] FRESRL, BT = &4 Pinus yunnanensis & A £ K B x5 B ot KA B G v 5L, A= SN G
A TR BRI T RBIISRE, [FEH] A2 FAZAR ARG AT LTS, XEAB (REL), B 0.8 g 4
(P)). BEAe 1.6 g #7'(Py). RAE 0.4 g 4k (Ny). RAE 0.8 g 4 '(Ny) . RAE 0.4 g- 47 Fo 8L 0.8 g+ 4 '(N\P)). & JE 04
gk AR 1.6 g BT (NP RE 0.8 g4k Ao BEAE 0.8 g 4k (N,P)). SAE 0.8 g4k ' Fo AL 1.6 g+ 4" (N,P) % 9 A
REEIEAIE, S REEES = ED G RERAR SRR Yh, [HR) ZbEABAZIANS. GAREHRT
L, NP ZETFTHAREADSFEARETRR. EBETURIBREIAKREDMRE A, £ R, Bt BE
BEMRE L B, ATHEE LA RAZ R ER LY AR BFEF (P<0.05), BABAYHREAALEIEm, NP &LETHA
M. EL BRI APEEERKR, R EL vb. EHEBMEZTRA, NP R TR T ERKR. R B A
SEABEAKEN MR A E M, (SR ] AR TZERGRNABERE, RETHAAS, RETHASE
BEORSBRE, FHRXTR, 2695000, B THegics o, RARENZCRK THERIE, F4ERIH L
R T HuHE, NP &2 A B EE, B 6Kk 5438

REF: mda; B, AHhF; FeRE

FEZES: 57223 XEFRERS: A NEHS: 2095-0756(2023)01-0115-11

Effects of different nitrogen and phosphorus combinations on seedling growth
and nutrient accumulation of Pinus yunnanensis seedlings
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Abstract: [Objective] This study tries to reveal the response of Pinus yunnanensis seedling growth and
nutrient accumulation to exogenous N and P combined application, and to provide a theoretical basis for
optimizing nutrient management and seedling cultivation of P. yunnanensis. [Method] 2-year-old potted
seedlings of P. yunnanensis were taken as the research objects. 9 different fertilization treatments were set to
analyze the effects of different fertilization treatments on the growth and nutrient accumulation of P.
yunnanensis seedlings, including ck (no fertilization), P; (P, 0.8 g per seedling), P, (P, 1.6 g per seedling), N,
(N, 0.4 g per seedling), N, (N, 0.8 g per seedling), N,P; (N, 0.4 g per seedling, P, 0.8 g per seedling), N,P, (N,
0.4 g per seedling, P, 1.6 g per seedling), N,P; (N, 0.8 g per seedling, P, 0.8 g per seedling), N,P, (N, 0.8 g per
seedling, P, 1.6 g per seedling). [Result] The total biomass and seedling quality of each fertilization treatment

were higher than those of ck, and those of NP, treatment were the highest. The nutrient accumulation of each
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organ ranging from large to small was leaf, stem and root. The N, P and K reserves of organs and individual
plants of different fertilization treatments were significantly different from those of ck (P<<0.05), and increased
in different degrees compared with ck. The seedlings under NP, treatment had the largest N and K reserves in
root, stem and individual plant, and the largest P reserves in root, stem, leaf and individual plant, while the
seedlings under N,P; treatment had the largest N and K reserves in leaf. The distribution pattern of N, P and K
nutrients was leaf, stem and root from large to small. [Conclusion] N and P combined application significantly
improves biomass accumulation, seedling quality, as well as nutrient accumulation in each organ. It also
increases the nutrient distribution of root and stem, and decreases the nutrient distribution of leaf. The combined
application of N and P is superior to the single application of either N or P. Therefore, NP, is the optimal
treatment. [Ch, 6 fig. 5 tab. 38 ref.]
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Figure 1 Change of biomass and quality index of P. yunnanensis seedlings under nitrogen and phosphorus combined application treatments
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Table 2 Nutrient reserves of P. yunnanensis seedlings under different fertilization treatments

Tt ie/mg
JLR b
R E - bk

ck 15.92+11.32 ¢ 33.55¢11.64 ¢ 54.94£13.16 ¢ 104.41+£35.89 g
P, 32.31+18.05 cd 43.50+4.01d e 70.12+8.67 de 145.93+23.64 ef
P, 33.85+9.42 c¢d 55.0949.11 cd 83.72+8.85 cd 172.65+22.19 de
N, 28.62+7.34 de 65.59+8.65 ¢ 104.55+16.30 ab 198.76+16.83 cd

A NP, 73.75+17.31 a 103.55£13.97 a 112.53+7.19 a 289.83+22.25a
N,P, 62.52+13.10 ab 94.83+14.29 ab 93.20+12.34 be 250.55+33.61 ab
N, 47.73+11.35 be 85.20+26.98 b 101.10+21.08 ab 234.03+55.79 be
N,P, 56.37£10.90 b 101.48+18.57 ab 117.79+16.37 a 275.64+33.02 a
N,P, 22.17+11.52 de 41.76+9.47 de 60.17£10.77 ¢ 124.10+31.07 fg
ck 3914262 ¢ 7.15£3.25 ¢ 9.53+2.52.d 20.60+8.27 f
P, 10.65+6.78 de 10.08+0.68 de 13.09+1.74 d 33.82+6.90 def
P, 13.73+4.37 cd 15.39+4.01 de 12.19+4.07 d 41.3149.69 de
N; 10.56+2.66 de 18.86+2.79 cd 19.39+4.64 cd 48.82+6.95 d

7 N,P, 33.47+10.56 a 38.81+8.12 a 41.7+12.34 a 113.99+18.37 a
N,P, 25.93+6.81 b 33.94+10.66 ab 15.98+8.46 d 75.84+13.22 ¢
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Figure 2 Nutrient distribution of different organs of P. yunnanensis seedlings
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Table 3 Regression equation of seedling growth and nutrient storage indices of P. yunnanensis seedlings

TEER(Y) mI/E Yy AR FREL F P
BAY Y=12.68+46.59X\+16.65Xp—42.49X2-8.42X3—9.51 Xyp 0.83 5.44 <0.01
AR TTRFEEL Y=1.46+0.81X5+0.43X,—1.16X3-0.44X3+0.69 Xxp 0.58 1.22 <0.01
WA Y=—2.05+184.14X\+57.98X,—158.49X3-24.09X2—34.70 Xxp 0.85 6.00 <0.01
ZAMEE Y=20.63+243.73X\+76.14Xp—241.44X3~36.23X3—32.72Xp 0.88 8.53 <0.01
G i i Y=51.79+192.21 Xx+54.12Xp—174.42X%-27.80X3—36.28 Xxp 0.91 10.98 <0.01
PARLA NG Y=79.08+555.41 X\ +184.83X,—502.92X3-90.00.X3—99. 74 Xyp 0.89 8.82 <0.01
isy Ty Y=—3.27+101.64X\+29.62X,—96.23X3—11.87X3—16.89X\p 0.84 5.63 <0.01
E XA, Y=1.33+111.55X+33.07Xp—121.70X2-16.04X3—10.58 Xxp 0.90 10.23 <0.01
R Y=5.45+64.52X+35.69Xp—47.76X3-21.00X3—12.75 X\p 0.76 13.48 <0.01
HRBEAE Y=7.11+189.91X,+90.68X,—168.06X3—44.73X3—38.49 Xy p 0.88 7.94 <0.01
ke hiran Y=5.53+206.35Xx+84.05Xp—194.21 X337.30X2-37.6 7 Xnp 0.78 3.78 <0.01
i ¥=32.12+313.49X+100.23X,—303.82X5-43.87X3-57.39Xyp 0.84 5.55 <0.01
I i Y=53.24+222 39X\ +75.10Xp—198.15X2-33.85X3—56.6 7 Xxp 0.83 537 <0.01
ARRS R ¥=89.88+701.11X,+269.15X,—624.29X3-121.42X3-161.13Xyp 0.83 5.45 <0.01
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Figure 6 Effect surface of biomass and nutrient storage of P. yunnanensis seedlings on nitrogen and phosphorus combined application
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Table 4 Highest yield in single-factor of nitrogen or phosphorus and nitrogen and phosphorus interaction with each growth index of P. yunnanensis

seedlings
A KAt S AIE R R AR AbR S SR IE O R
AR R TR
(815 5 I i EEp-¥:: S d T
DAY /g Y=12.68+46.59X—42.49X3 25.17 Y=12.68+16.65Xp—8.42.X} 2033 29.59
[ NDbT ey Y=1.46+0.81X\—1.16X3 1.50 Y=1.46+0.43X,-0.44X3 1.45 1.94
M AEAE I/ mg Y=-2.05+184.14X\—158.49X% 50.05 Y=-2.05+57.98X,—24.09X3 29.86 67.55
ZERASEE/mg Y=20.63+243.73X\—241.44X% 81.34 Y=20.63+76.14X,—36.23X3 59.15 107.04
& it /mg Y=51.79+192.21X\—174.42X2 103.92 Y=51.79+54.12X,—27.80X3 7538 115.98
HHREGG I/ mg Y=79.08+555.41X,—502.92X3 22955 Y=79.08+184.83X,-90.00X3 167.71 281.92
MR #iEE/mg Y=—3.27+101.64Xy—96.23 X3 22.93 Y=—3.27+29.62X,—11.87X3 14.01 33.20
Rt /mg Y=1.33+111.55X—121.70X2 26.71 Y=1.33+33.07X,—16.04.X2 18.06 39.48
Mt /mg Y=5.45+64.52X\—47.76 X3 26.86 Y=5.45+35.69Xp—21.00X3 19.95 34.47
PR R /mg Y=7.11+189.91.Xy—168.06X3 59.31 Y=7.11+90.68X,—44.73X2 51.23 88.69
HER it e/ mg Y=5.53+206.35X—194.21.X2 58.85 Y=5.53+84.05X,—37.30X7 50.99 89.24
LAt/ mg Y=32.12+313.49X\—303.82X2 110.99 Y=32.12+100.23X,-43.87X3 85.81 143.27
M4 i i /mg Y=53.24+222.39X,—198.15X3 113.50 Y=53.24+75.10X,—33.85X3 89.97 131.36
HRRERGER/mg Y=89.88+701.11Xy—624.29X3 279.99 ¥=89.88+269.15X,—121.42X3 227.84 358 61

Y XN RUKF, XpRmBiK-F

XFELAEE 22 Magnolia wufengensis R AR %5 2 A ZEREAEEIRESSETHE
WFSE K B . AN TR) 4 S0 0 G 2 A A8 40 48 T 22 4 HiEEE
SR N S D . B o QR 400 Akl TableS  Suitable fertilizer amount for two years old P. yunnanensis
Machilus chinensis 15 AR F% 5 0 B s K. A soedings under hlzh;szégé;
EIECE TR BT DO RILO. AT R e R
HREPIMES S, WAL T ARSAYE SR — .
RN, RO TAMRREMAA A, Wl Son T en e L
TR, RO RIN 069 0L L0030
o MR fif i 0.49 0.85 1.00:1.75
TRV, OGS B RAMEST Y 045 0.8 1005190
A ETF B S AP RSO I, A LRy i e L00:1.37
WAZE, MY REHRWBGERE, REZIKS . wiabn oss o6 00160
TR R SR AT A M B sE g o RIEE, FEARFEAW st 0.45 0.93 1.00:2.08
WS RAERIE, XA AX BN EERa R st 0.42 0.89 1.00:2.13
AT RN E R SREE, MARXM B R FE 4 ekt 0.59 0.67 1.00:1.15
B OXREAE A BR B PR IR B o R Ry R bk 0.48 0.81 1.00:1.72
I, BAREAMRRAETE SRR K, Wb e R 045 090 1.00:2.03
SNt ZH R K IORRA , KT R BBy 044 086 1.00:1.97
IHCRE ST UL, R R OIS iy TR 046 073 1.00:1.59
A s > — PRSIt 0.46 0.80 1.00:1.76
FrUNERIENEE 0.42~0.65 0.66~1.01 1.00:1.15~1.00:2.13

Fay A F7 43 48 A 5 RERE 0 813 5 R
B2/ =R i R O X = 8 = W W8 = W [N i3/ o < 733 WY N R R D O 5 2 EA4) N B 4 -3
B OB C T 4 7 A R B SR RO el o XGRS L% Lk A [ ARl i AR R EA TR AR R B 50t
REAREL, OB T X B A () e e R AR s R B, RO IINRZ, BRI R 2h i AR, X 5 A
SEIE L, AR WA 7 AR SR S 2 4 AR 2 B RS P OR IS B0 AR FH & 2 0 o A 0.42~0.65 g- R, W
0.66~1.01 g- ¥k, B AYABERC L M 1.00:1.15~1.00:2.13, M ARR TR . AW MRS EREE,
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