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Growth and P-uptake for Larix olgensis seedlings with phosphorus

top-dressed using fertigation
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Abstract: With the aim to improving the phosphorus efficiency and finding the best phosphorus applying
method, two types of phosphorus (P) fertilizer application to Larix olgensis transplanted seedlings were under-
taken: 1) into the soil as a basal fertilizer before transplanting and 2) by fertigation as a topdressing three
times during the growing season. A split-plot experimental design with P (163, 326, and 489 kg-hm™) as
main treatments and fertigation ratios (0, 25.0%, 33.3%, 50.0%, and 100%) as sub treatments was estab-
lished.There were three replications, and the rapidly-available phosphorus content in the soil is 37.11 mg-kg™.
Results showed that P application did not significantly affect seedling growth or P content, however, seedling
height, diameter, first-order lateral root in diameter at a junction = 1 mm, and biomass increased with in-
creasing P. With a top-dressing of 163 kg-hm™ P, seedling height and diameter reached the national seedling
standard (the seedling height=35 c¢m, the seedling dimater=5 mm). Also, with the 33.3% fertigation ratio,
P concentration in the stem; P content in the root, stem, as well as the entire seedling; and P use efficiency
were maximum with the total P content of 0.405 g and P use efficiency of 11.4%. Therefore, 163 kg+-hm™ P
with 33.3% of it to be applied as a top-dressed fertigation during the growing season was the best P application
for L. olgensis transplanted seedlings. [Ch, 1 fig. 9 tab. 18 ref. ]
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WAL X i AR KO TR G IR A, H il Tere L, MR h, bEA PR
TRR— R AN RER i AR MR, P, B s W AT AR P 3 2 2 i D0 S g s A IR R A 8 B9 i A e AT
J7 A BB LR o 3 33 A AE 77 2 BE T AR ) 01 AR R W B T R, AT 8 R 3 e e FES o 7
JRIEHYA A o X TRAL . SRAEAHA AT RL, B AL 2 R0, BIFE /T80, JF—ZRN0kNE, AL
Bt A+ o BZIER A FR AV Y Larix olgensis i AR B EEAR K, #H B K 180 ~ 220 # -m?2,
i HARZ ARG, 75 BRI H i B PR ORI R, NI, BOR Kt B T e, 52 bR =
T, T R R A K S A W e, BEK RS HOR B H B, HRT, KB AE p RIS B AR
TERAIE Lo KRAEHFFEE R R . oKt 18 1 REAT 28008 1A A 0 o 0B IE 1) W O ol 2 4 R MR R R, fH
FHEC TR0, BIAL, KO WA HE A B S DU RR X e o FLRT, P A K i AE A9 L0 8 LR VR N TS X 5, 25
REW] . SEGRMHICA L, 788 AR A K2 22 00K 6 1 RE A R 2E AR P00 B 0o e, 32 it )™
o SR AR RO A R, I ARA K EREAL BB, Kt TE T A A R 8 i A 5 A Y 1 g R DL A
i, AERE K EREAC SR A, DU RS 2 AR AR R R s o X, i I i MG L 9] %
RSB bR M AL BEAEBR 00200, 48 75 S [R] K 38 JE Fo 510068 i A AR R M s iy 52 ), A A 0 B e AR
(3 7 S R 2K

1 KB E T ®

1.1 X R

T 00 b 35 A T AR AR T e T X VT 0 TR, 2 DX M K P L A I 1 R O R A e U Y, MR N
175 m, J& TAbilads KRB E, 28 F8EN 44 C, 1 AFHREHR - 200 ~-140C, 7 H
PR EE N 20.0 ~ 23.0 °C, AFFELMK, BFHHR, HiRZEZBMMKK, HPFHSELE 10 CUL ER4E
G AR 2 400 ~ 3 000 °C, JEFEM 130 d, 4FFHREKE N 688.9 mm, FEKET T 6 -8 H, HibA
Py AR5, ZAE Pz L5 14320 mm, EFEzkmik, 5 AhEZ, ‘F45 281.0 mm, &2
R 20%, v IEEEARME T LR 1,

F1 IFEEELEER

Table 1 Soil characteristics of Jiangmifeng Nursery

WhEfem  BORU% MR Bk i pHIE  2W/(gke™) SR/ (gkg)  EABE (mg-ke)
0~15 71.1 6.6 22.3 g+ 5.13 7.32 0.86 37.11

15 ~ 30 69.5 7.0 23.6 g 5.21 7.27 0.86 27.20

30 ~ 45 67.9 7.2 249 e 4 5.67 5.85 0.76 7.13

1.2 RIEEITS4E

RER A X, XIS (A8, wE 340K, 4510 163, 326, 489 kg-hm™;
Al X R KB AR Ee B, BEE S K, 43R 100% (5E 42Kt ), 50.0%, 33.3%, 25.0%, 0(5¢4:%%ii),
TAh, WA RIBEIE XS AR, PRt dt 16 b ER, 3R ER, 48 NNIX, 4 A iy &
HEE Im, KESm MK 124, W2 maEHm 1AM, 56X 2 & AP T 18], £hXKZ
A 60 em T8 X2 SR B IR IEEHH B4R, 4 H i By, KA [ & rY i IE (oA —wlh) 4%
it B6F LN R 2R R A /NI N R IR ERAT 20 Bk, AR 10 TSR R, 8 HWIIT IR KB AE . LA 163
kg-hm? R, %08 100%, 50.0%, 33.3%, 25.0%, O Kjfi b5 58wl 163.00, 81.50, 54.33, 4075,
0 kg-hm?, JBACHT, #4516 /> 4b BT AL & 23 0] 153 4 (e rpoxs AR BRAI0 K it 491 B Ak BN 5 22 /K3
AE), JFZERMEACHT 1 d BB ZE 7K h o8 20 (25 /D IXBERE 4 2 LK% ), B 10 d KB e 1k, JhiE
fE 3 WK,
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1.3 BARNESHERUE

9H 15 H, KEEMHMEMCIFHRZERE, HAREAEIEERK, O, XA /N8 AREITIES
FRbR I, TEREAS R e KRB LSRR 10 MR A, 320 Wi AR A NG e IR R Bl +, Uk
FE ZE K IEYE, AR SRR & AR THMRE(D>1 mm), HEFRRROFEER 0.01 cm) il & 1
7, HERMEE &S (WAREARKL), WESSHRE, R —/NXPEARER, £ H5F, RaReE
VBN Z /N REAR 73 530 8 A5 B P b AT, 80 CAAMFFHE36 h J5, /A ilFal . 25, By,

HMERYEFRITR, TR HL 0, i 0.25 mm §i, SR G S RS IR-m A
W27 L EATIH A, U BP0 I A 4 Wl o o 70 45
1.4 HESH

HMAEYE = RAEYE + 22EY5E + HAEYE,; Rk = WBERE D x RAYR,; Xk =
Bt B x KA aEE; Mk = iR B A x AR R REAREE = BRI R B + BT E A +
Wl St o s WRAE A AR = (IS DX B A A Al I3k 20 50 — AR I DX A AR A P 1 o 70 3R 40 ) /B
At e, E s b BER FHSPSS Win 16.0 Program #£47 ANOVA 4341, Uik i 3 W H] Tukeys Multiple Range
Test 7€ P<<0.05 7KV FAEL 8 bk ; BEIERIKit b 1) J R 45 3¢ B2 General linear model [ Univariate
I3

2 EREA

21 BEREEFKMELLGIXE S, HEM | ZMRE(D>1 mm) &
RIS ZE R R, ME . e THAREL(D>1 mm) 78 A it B A0 A6 X3 B8 4Zb # v  SEY4E 4351 4 35.89
em, 635 mm, 83 -tk MIBEILSS, FIESEARA I, 7F 489 kg-hm? BEARALHE [ H ok, SFHY

i
=

®2 AEBEEFKIELG TES, MEMMIREY

Table 2 Height, diameter and nubmer of lateral root in different amounts of P and fertigation ratios

EERIE =8 71 JtiAC 2/ (kg - hm) 163 kg-hm™ 326 kg+hm™ 489 kg-hm™ R {E
100 35.36 + 8.26 a 4195 +7.28 a 40.55 +2.32 a 39.29
K 50.0 33.69 + 3.22 a 39.90 + 6.84 a 39.37 + 7.80 a 37.65
N ’E‘E 33.3 3422+ 513 a 38.70 + 4.61 a 4286 +3.17 a 38.59
T A /em i
25.0 37.78 + 3.77 a 31.67 + 1.56 a 40.58 + 6.63 a 36.68
0 3893 +3.77 a 39.38 + 445 a 3944 +2.14 a 39.25
A 36.00 A 38.32 AB 40.56 B
]?é 100 638 £0.71 a 6.74 £ 091 a 6.61 £ 042 a 6.58
155 50.0 6.12 + 035 a 6.51 048 a 6.46 £ 0.70 a 6.36
P!
33.3 6.60 + 0.66 a 6.87 £ 0.50 a 7.16 £ 0.62 a 6.88
4% /mm
25.0 6.82 £ 0.30 a 5.68 £0.53 a 6.92 £0.75 a 6.47
0 6.80 + 0.58 a 652 +024 a 7.04 £042 a 6.79
FHE 6.54 A 6.46 A 6.84 A
% 100 90+08b 84 +0.8b 89+02b 8.8
Ij
%J 50.0 78 +05b 95+1.6b 87+13b 8.7
33.3 92+05a 95+03a 10.7 £ 0.7 a 9.8
AR %/ (55 - )
25.0 9.1+03b 6.8+08b 9.0+1.0b 8.3
0 8.9 + 0.8a 93 +04a 102+ 06 a 9.5
FHME 88 a 87 a 95b

Yl R ERILE 2 E IR RS ST RN KO Fe B 2 E R AN E ST REROR
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{43 51N 40.56 cm, 6.84 mm, 9.5 % ¥k 7 163 kg-hm™? B AL 4b BRI 5 /N SFHI4E 50514 36.00 cm,
6.54 mm, 8.8 & -HE(F 2), LI ENT . WMARSILEIEIRAE 3 48N AL HH] Y 25 5 A TR B B KO
ZE WA R . 489 kg-hm™ WL AL BRI Y 15 % 25 KT 163 kg-hm? BEACALBE, P35 4.56 cm;
AR LE 3 A HEACAL BRI G & 3% 22 5%, DA ERTE 489 kg~ hm BEAC AL BE R 5 3% K T 163 Fil 326 kg-hm2 AL
AEFE, 29 0.7 0.8 Atk MHELZTE, TRAMARE (D>1 mm) 78 45 /K it L 491 b 2 ) 25 535 3] &
FOKW, WM (sig)EN 0.002, I HALZEH . 33.3% K bl 4B 19 T ZMARE(D>1 mm) i
K, HMEN 9.8 &, WE ST HAMAKE bl b3
2.2 WEBEEF0 /K HE Lk B3t & 4 2

RIGLE L . 163, 326, 489 kg-hm™? 3 WAL AL HAR A= 1y & 4391k 19.201, 19.608, 22.522 g-#k™,
A5 5 28.305, 31.251, 35.269 g- ¥k, MHAEYIE SR 27.067, 30.822, 33.491 gk, Hikk
WS 74.573, 81.681, 91.282 g- bk, K 3 Gy, SXTMALEAHLL, MR, 2K M RERAY
e E M IS G O BRI R RIS K, S 22000 AW SUVEY AR 3 I AL 3R] O W 22
5, ZEIEE RV, 489 kg-hm™ B IE AL PR 45 2 21U W) i i 35 KT 163 kg-hm? BEARALBE , 7EAR
W, OZAEE B KT 326 kg-hm? B AR ARHE

®3 TEBEETR, £, HEEKENE

Table 3 Biomass of the root, shoot, foliar and the whole seedling in different amounts of P

MY R (g 4R ZEAWE (g BT WA (g B HRRAE YR (g R

WA/ (kg hm )

TR (ck) 16.098 + 0.425 25.667 + 0.781 25.263 + 0.827 67.028 + 2.924
163 19.201 + 0.936 a 28.305 + 1.851 a 27.067 + 1.525 a 74.573 £ 4.093 a
326 19.608 + 0.961 a 31.251 + 1.901 ab 30.822 + 1.567 ab 81.681 + 4.205 ab
489 22,522 + 0993 b 35.269 + 1.851 b 33491 + 1525 b 91.282 + 4.093 b

WEETIRERY . 0, 25%, 33.3%, 50%, 100% 5 >7Kjif b5 ab B AR A= 4 530 2421.066, 19.898,
23.234, 19.255, 18.766 g-#k'; ZEAEWR 4351 432.156, 30.149, 34.261, 30.379, 31.097 g-#k'; A=
w0 31,624, 28.178, 34.522, 28.094, 29.851 g-#k™; bk Y Em 435I N84.846, 78.225, 92.048,
77728, 79.713 g- kK (K 4), LIrESMr. ML ZE | ORI A ) AR S KO L R e 3E 25 S, (H
T 33.3% K it te i ab BE R SR B, SEIME S 23.234, 34.261, 34522, 92.048 g- k7',

R4 FEKEILGI TR, 2, HREKENE

Table 4 Biomass of the root, shoot, foliar and the whole seedling as affected by fertigation ratios

K e 151 /9% AW/ (g HR) EAWriE/ (gt A M (g BR ) R AP R (- bR
X HE (ck) 16.098 + 0.425 25.667 + 0.781 25.263 + 0.827 67.028 + 2.924
0 21.066 + 1.208 a 32.156 + 2.389 a 31.624 + 1.969 a 84.846 + 5.284 a
25.0 19.898 + 1.326 a 30.149 + 2.621 a 28.178 + 2.161 a 78.225 +5.797 a
333 23.234 + 1.208 a 34261 +2.389 a 34.522 + 1.969 a 92.048 + 5.284 a
50.0 19.255 + 1.163 ab 30.379 +2.299 a 28.094 + 1.895 a 77.728 + 5.084 a
100 18.766 + 1.208 ab 31.097 + 2.389 a 29.851 + 1.969 a 79.713 + 5.284 a

2.3 BB E 0K i bk Bl 34 B AR R BER B R

H1 46 5 Al TERMEHENC A X B 3rp ) AR 25 el BT & 20 8000 Wil 41.0, 30.0, 38.0 g-kg™'o
1E163, 326, 489 kg-hm? BEICANFL T | AR @ BT i 40 8050 W 52.0, 56.0, 51.0 g-kg™; ZEBA T & 73 404>
54 35.0, 3400, 30.0 g-keg™'; MBS £ 0 38.0, 40.0, 37.0 g-ke', HXFHRANERAH LG, FEE
WAL 163 1 326 kg-hm™ &, #4200 it o 8047 Brde i, ARThRBJC W IT R . (A7 S 5T 489 ke-
hm™ 20BN, ZEH B BT B BO LA 8%, Horp kg5 i o B AT X AL B, 207 20, &
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W 5T 3 BOE 3 A RIS AL B 22 N B
] — B AE KT, AR ol T o B s, A
H53.0 g-kg?, MR, ZEPEETE SRR

6 5. 1 33.3% Kt bl b B, AR
2 MR E A EUR R, CFIE S IN63.0, 39.0,
440 g-kg?, AR ERTXTIEACTE, 207 2001, 2%
B I 2 0 BUCTE 45 K it Ll 31 ) A 22 S ok B0 B
8V (sig ) fH M 0.005, ZE AR R, 256k
JoT i 5 AR 25.0% K it L A B R 5 1%, IZ(EANY
b AT ARt L b B, T EL IR X A
2.4 WEBEFMKIELLGIBEARENSBEI M

1£ 163, 326 1 489 kg-hm? BEAEALBE || AR
23510 0.099, 0.105, 0.117 g-kk™; ZE&#EE
4394 0.097, 0.109, 0.099 g- Bk ™ H & i
o8 0.101, 0.120, 0.124 g- ¥k, BARR & #iB 4 51
0297, 0.334, 0343 g+t HXFHEAERAH
25 L 405 B A e W T U 4 S 3 o O el A 34
KM R, & 2500 HARKHNFBERTE 3 1
BENC AL B 22 SN B . BB, R
GHERE, RAMZERZ,

K5 ARBEETR, £ HBERESH

Table 5 P concentration in the root, shoot and foliar in

different amounts of P fertigation

WAL E/ (kg hm™) RBE/ (g-kg™?) ZE0/ (g-kg™)

M-/ (g kg™)

X I (k) 41.0
163 52060 a
326 560+ 6.0 a
489 510+ 6.0 a

30.0

35020 a
340+20 a
30020 a

38.0
380+30 a
400+3.0 a
370 £ 3.0 a

®6 AEKEILGHI TR, £, HBERESH

Table 6 P concentration in the root, shoot and foliar as

affected by fertigation ratios

K it L A5 1%

MR/ (g-kg™)

£ (g-kg™)

M (gekg™)

IR (ck) 41.0
0 54.0 £ 8.0 ab
25.0 49.0 + 8.0 ab
33.3 63.0+8.0a
50.0 59.0 £ 8.0 ab
100 41.0+80b

30.0 38.0
320+29a 320+40Db
23.0+29b  40.0+4.0a
39.0+30a 440+40a
330+30a 37.0+4.0ab
37.0+30a 43.0+39a

x7 TEBEETR, £, HaBE

Table 7 P content in the root, shoot and foliar as affected by different amounts of P fertigation

WENE 5/ (kg hm™)

WA B (g )

EEBER (g M)

R (g )

BARE R (g R

TR (ck) 0.066
163 0.099 + 0.011 a
326 0.105 + 0.012 ab
489 0.117 = 0.011 b

0.077
0.097 + 0.009 a
0.109 + 0.011 a
0.124 + 0.008 b

0.096
0.101 + 0.007 a

0.120 + 0.008 ab
0.124 + 0.008 b

0.238
0.297 £ 0.018 a
0.334 £ 0.018 a
0.343 + 0.017 a

HI 2% 8 Wl SxfBRABRAR LG, & 44U W i AE i A S5 38 B 3 B S . AE 33.3% K L Bl Ab B
MOZE . MRMBRRR S e R R OK, 438 0.140, 0.127, 0.133, 0405 g-#k, FoxF IR AL B
0.074, 0.023, 0.032, 0.091 g-#k"'. & Z . M, ZE, FFRR S BE R 7E & A L) 8] 22 5 1 2
sig AH 739178 0.037, 0.045, 0.012, Z & WAL REY] . WEBEELE 33.3%/KE L HIH &% KT 25.0%H
100% 7K jifts b B Ab B 5 25 3 B 7E 33.3% K it FL B T 5k 3% KT 25.0% 1 50.09% 7K Jiti B AL B 5 S bk 55 5

TE 33.3% K Jiti b 3% KT HoA A B

BRI E T, R, 22 s R BRI AFRRE (K 1), SRR T, A&k
®8 ARKMILEI TR, £, HEHE

Table 8 P content in the root, shoot and foliar as affected by fertigation ratios

ETWE (g )

- W (g BT

HRR G B (g Bk

Kt 15 /% & B/ (g #R)
PR (ck) 0.066
0 0.117 + 0.014 ab
25.0 0.092 + 0.016 b
333 0.140 £ 0.015 a
50.0 0.107 £ 0.014 ab
100 0.078 £ 0.013 b

0.077
0.104 + 0.013 abe
0.073 £ 0.012 ¢
0.127 £ 0.014 a
0.090 + 0.013 be
0.116 + 0.013 ab

0.096
0.101 + 0.010 a
0.115 + 0.011 a
0.133 £ 0.012 a
0.100 + 0.011 a
0.126 + 0.011 a

0.238
0.314 = 0.023 b
0.282 + 0.023 b
0.405 + 0.022 a
0.302 + 0.023 b
0.320 = 0.021 b
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A e 25.0% K0 Fe R, i R S B R N B 5 33.3% Kt LA T, 4% AL 2 S B R B R
I E5); 50.0% K06 LR, 25 H AU B AR LA GRS 34 20 A AR T 33.3% 4088 5 58 427K it b $1
T, W EsaRd, b FALES R A KE A B 25 2020 B 0 A i SR TR
EKHE AT, AR AL AR A it FESE A S F T W A0 A R AE RS AR IS it T 4
W T BT DI rh e A AL B, AR R R BRI —/NER BRI, X ST Hy T R A SUAR i i 2% 3 -
LU BOR F v & B A A 5 KO L 91 R 25.09% 40 B, it b S R R O R, ORI
FEACHEIB AL 8 58 AV A 1 K v I B K T 3 B R i T DT UL e T OOCE 28I . 7E 33.3%
KB, ML 25 E BRI, WHAEIZST, RIS KB BIRE RN S, RAR
AT DL HE H i f— Se i A Ik B Hb A2,
ARFEAAKWIG, SRR A 3G 3 7K i 8 A8 1 0
— R WAL, DT R B AR 45 2H SR e R A
I BEE K B ARG K, SRS H R
R, 10 B R AR It 3 AR T AR 0 A A X i A £ i
W, AR AE XS AR AE K B s AN 25 20, AR
ANASFI T R G B AE I, X — A58 A K i

020 1 iR @BE am

(100% 7K i H ) ) b AT LT 1 5 4 ok 2k 7 0 250 330 500 100
A R AR K M B AR, K AR R 7K B /%
BEM - el b IR, BT B RAR BRI B 1 F—RKELH T EEREHFEILEK
WALl A R 380 TR 05 AN BRI Figure 1 P content in different tissues as affected by
2.5 BB = FNoK i bk 61 X3 B AR R A &R S M the one fertigation ratios

Shy i — 2B IE B K R IR (0 28 DF k2, R T /I %9 FEEPEEFI/KHE L B FTRLPRF B =
DX B AR P B Wl 5 0 EAR BRAR E, A3 B AN X Table 9 Phosphorus use efficency as affected by the
RS RE R R0 76 163, 326, 489 kg.hmfz e AE b amounts of P and fertigation ratios
W, BARBHIEAHZRHH 8.1%, 5.9%M 43%, KLt/ NI 2/% | N (kg b ) BEIE I 2/9%
1t I ) P %% B bt 8 38 K i/ o 7E 0, 25.0% 0 49+ 149 b
33.3%, 50.0%, 100%7K it b @lab#F B AR BE L 25.0 20+ 148 b
FIH G5 R 4.9% , 2.9%, 11.7%, 4.0%, 6.4% 333 11741484 163 S1s117a
(£9). Gl EHN . BENEFIHZRAE 3 4SS0 AL 21 00 40+ 1461 126 S04 LIS ab
] 22 R W% s H A1 45 K B ) 1) 22 S B3,

100 64+147b 489 43+ 1.16 b

Sig fHH 0.004, ZH KGR EW] . 33.3%K]ii kb
BIAL PR BEAEA R, FYEN 11.7%, B
Fm T AR, XA SR T 33.3% 0 S A K He 5, R AE E  BE E H 33.3% 1 B A A v R A K
WK it 2 AP TT LA R0 AR 2R X B AT A W, DA R R e i R R %
3 i

6 i ] SRR W 37,11 mg-kg (PEAARIE . <30 mg-kg™, " 30 ~ 75 mg-kg”, #5>75
mg-kg ™) JE TR AEAKOE, FILHTEANE —E BB IR AR K SRR A, WK IE SR
B A A B R AR LR IE S5 A ek, JF FLRES BEIE ORI G, B, AR L TR B (D>1 mm), 7k
P AWK, (HAIRIRTE 3 BRI AL 0] 22 5 05 1 3, DEWTRIE & i 3% n 0t it 35 4 1 i R 2R
KA, EARBEIE EEAY 163 kg-hm? Zb3E | MY | ZEBE I /0 80RO, 33k 10 B ol S Sl sl A e
WERBENE R B —E B SO AR A K, A i 2 R A, o & sk s R AR A R R A i HL
BREAE AR A it 2238 23 (K A s 8 IR A0 R 3 P a1 DR, A DR UE VR A5 TUHE A ik 31 [ 50 o Y T B
T, MRMHRATHE, h T8, WRE 163 kg-hm? BEALE TRtk 8] T E K brik, i B 78 % 4k 7
H, MR IZERE TR AR O, 1 52.0 M 35.0 g-kg !, LEREE)E, FRAEREAR Y A 163 kg-hm?,
B Tl gn i & B I A K, K& R I A BRI A R i — IR
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PIAE AT 3 22 4 5 T AT, 22006 Tl FES 30 T 1 A A R g 3 g 120 7 A 3 0 ) o S 3 /K it Al ES
FEREABE IR AL R R 3 3 E T S ASRTE A K FL Bl AR B, AR L TR AR A, K H ] 1) AR R e 2 AR 0
ARXFBENL AU, Hoir ) THRAMARE(D>1 mm), R 25 g 5T ik 3 HIOR B NE R 28 26 AR [ K it B 461
I f) 2 535 B B KO, I FLX SE 8 bR TE 33.3% K it Ll b B R Sk Bl dR Ok, B BA L 33.3% K it L 1 38 it
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