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HAT, FEALAKE AR 3425 77 b, BHEF B 67, HRFE R HEE, BAMKK T H
ERRE 75. 14’ /b’ ERX—HERHWEEARRMBEAMAREE, BEREEATE
WEE. ATHEFELYREMRERARTEERRF L ROREENFE,

FHREFE 0 FEXTRAERFEABEERFRARNEE, BRTHER/ET 3
PTERFARIEH R MHEFRTEREKRT B EEREFARBEERFRERE”,
CNE"ERICH B FETUAMKERER L RIEHEFFR, BREK/BEEETE P
B A TR = A 4R LB BF R

PN FENTHBHIIAR - F BN BETETEERHPEARE FEFE, F52
ETHE-YIEMERTEELOFUERSH T E, TRRNBEER G BHE,
FHLH T ERESN  O4UREERKBE(S=oR , XERBEEKKAUSTR T HARETH
RABRMKR)BH k<1 B, KRR AWM EREXRZTEE, HALTERTHRRES:O
¥ e>1 6, REBRAOHENERERERTER, @ALTEFRIHRS, ERXFHRE—
BEEARZFETASE;QLU2 M r=1 0, RUREAMHN EKERETER, HALT
EHTHERES, REFHERSHIE, HE T A BRI E M i1t 95 28R
HE, 3@ KR AE IR, TERE T 7 802 W07 i 9 IE AR R AT SR

B RENBTEFEEERKAARY BEH Y. FRRAEFEAR BT 2
g R, AR AR R EIEAS RE A KB B, maidk GEBMBEMN,, FREREZH,
AEMMIERDEERTMSERR, BENDIEANE, REBFHEFTHE, FI, BERL
J& Tolk N TARE — TR

FEHERELIRPBIFZPRORE ML, MEFE L BRCRWA BT T
BT, ER—FHRR R OB, SR8, A THEENRINKTERR, E2EFEREZL, &
HRATERMEESRERER,

REE FHh
2001 4 4 F1 20 H



To solve the contradiction in supply and demand of China’s wood resources, in
1989, the State Council had approved the industry policy to establish fast-growing
and high-yield plantation. To achieve this ambitious goal, the State Forestry Admin-
istration has recently proposed the strategy to develope fast-growing and high-yield
plantation in northeast and southern China.

Currently, the total area of plantation in China is up to 3425milion hm?, the
largest in the world, but the quality is poorer. The stand volume of mature plantation
is only 75.14 m®/hm?. The reasons for this are not only due to the lower investment
and poor management but also the lack of scientific input. Other two important causes
are that plantations have not been reasonably fertilized and that cultivation technology
were not suited the poorer soil .

This book is a collection of written research papers on nutritional characteristics
and fertilization technologies in woody plants in recent ten years, research works are
mainly supported by three national projects: “Research and demonstration of fertiliza-
tion technology of main high-yield plantations ” belonging to National Afforestation
Program funded by World Bank”, “Research on fertilization of main industrial timber
plantations and maintenance of soil fertility ”which is one of the key projects of Chi-
na’s 8th five year plan”, “Research on mechanism of maintenance of long term pro-
ductivity for main industrial plantation tree species in China” which is one of the key
project of China’s Natural Science Foundation.

The book comprises two parts:

Part 1, introduction nutrient characteristics of seedlings of main industrial plan-
tation tree species(such as Chinese fir, Slash pine, Massion pine, Timor mahogany,
etc. ) , especially new method of nutritional diagnosis based on the allocation of the
photosynthetic products and theory of nutrient balance . The new diagnosis method
can be expressed as: D If the parameter k of Allometic model ( S = aR*, here Al-
lometic model describes relationship between root and shoot) was lower than 1 (£ <
1), the relative growth rate of root is higher than that of shoot and seedlings are in

nutrient deficiency. @ If £ >1, the relative growth rate of root is lower than that of



shoot and seedlings are over-nutritious . But this situation never occurs naturally. &
When k£ =1, the relative growth rate of root equals to that of shoot and seedlings are
in nutrition equilibrium. According to the new diagnosis method, the standards for
soil and leaf nutrient diagnosis of Chinese fir, Slash pine, and Timor mahogany are de-
veloped and have been proved to be feasible by a number of fertilization experiments
on young stands, half-mature stands and near-mature stands.

Part 2, systematic introduction of the growth response of plantation to fertiliza-
tion. Species studied including Chinese fir, Slash pine, Timor mahogany, and
Poplar. Fertilization at different growth stages, such as young stands, half-mature
and near-mature. Results showed that good fertilization treatments can increase
stands growth increment remarkably, shorten stand closure time, and obtain good e-
conomic benefit. Therefore, fertilization is a basic technology to the development of
industrial plantations.

The studies on nutritional characteristics and fertilization technologies in woody
plants were gained strong support and great help from many friends, Dr. Zheng
Yongqi helped us to revise the English part, many thanks to them. Certainly, some
mistakes and defects may still exist because of limitation of our ability. We warmly in-

vite forestry specialists and readers to provide suggestions.

Dr. Prof. Zhang Jianguo
Prof. Li Yiquan
April 20,2001
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(PEALUMZFRERLTFRF) (FERLBRERFRREXFRLZES L)

ME AXBERZRRLAH, AL THREFLRETEHERAFH A,
Edn, A-tS AL KG¥Uoh, URAY. OMAAET ARG, B
B, MASEMIRS, SERAMYERL 0. 12%HEAKE, BHHAEEH
14.3cm 2 35cm, PEA A RS 36% f2 30%, AotR O EAMAEAKFHE
ARAEEH K fiRARTE, £0.025~0.08%CEA, MAERFHKEGRS, &
BAERFaMK, 2ALY0.08% BHAEE, HRERAHSI, QK3 AHAS
H.REEMBREGTOERE, SHUH BATRRR TR, LAPLESH,
HEMAENRAEE L LHE, OBALAHEIMAT A K FORGHEP, £
0.08% A5k FxEIR KA, @BAA 4 A k4 ¥ 484574 5 & RO ABL 49 HAM A
H: t>EFESESR; Artkh. 2> B HAA: TSESR, BER
ZHMEK, 2ERARK AR (NH),HPO, T AAEEHRAGHER,

@A BMIR HETEA BA Bk Atk SRLK

BEMAERKERNEENERTRZ — EREEF, AFTHENLCLAKLES
LR, RO, ROESLM, HEYRBHTRMAMK (—BRET 2me/kg). HRPEIH
KI5 LIEE R BER BEE (AT-P). BEMREE (Fe-P). BERRSSEL (Ca-P) MMAELSH
(0-P) BEHE, LHERAESHERES., Bk, SKERELE EARARE LT
ERSHRGRSE, ATAHRRALBRRO T E, Rt T ARBEE FKFXHEZAR, B,
BuH kAR EE, UBAEARNEE. SMERERAEMERKRE, EMXREPE
Mol B2 B 7R IL 0 H pRol S8 P O AR B AT .

1 MEIFE

1.1 Mk

R M T A 2 K (Cunnighamia lanceolata (Lamb.) Hook.). B (Pinus elliottii
Engelm.) MIBM#E (Eucalyptus urophylla S.T. Blake), ¥ KN 1 FEIFIEE, BHMNA
LA BREY, BHEALEBHBEY, PR, BN EEERE (M H28cm X
19cm % 18cm), S EM 4 k. BHEEHE THEEM (3lemX20em X 22cm) F, SAEHE

« EAWMHE, “AR" ERREEE (85-018-02-03) MERKLAKKIFFTESLREESME (03) %8,



3tk LB ARAE, WMEMAKE 0~30cm 12, SWHREHTR. TEpH K 5.5,

BHLEN 0.64%, 8N 0.124%, EIE N 119me/kg, AP N 65mg/kg, EEBEH
1.77mg/ kg,

1.2 AR E

IR MR S MEBRAKT, S A ck (RFE), 1 (0.02%), 2 (0.04%), 3
(0.08%), 4 (0.12%), BEABMKRRTIEIHE, ST KPFER SR, WILHN, HARY
HERETES, REBIXHBEW T, #5080 EEEKD HER (NH,),HPO,,

1.3 #EirlE

FEFERTM B — K, MAES SR 10 REN—KEE, &5 (8 A30 H) BEALZE
ZHERE, MEHS (om), B (cm), R, Z, HTURE (g), ERK (ecm), —&M
RE (5R) F4Et7.

2 HRH

2.1 AFRBEFKFTERATERERDH

1 AREHBK P TR RESERH#ER, NRI1TTUHEESL, SRKEHSESE
KEERKFNE (KHER), N\TTEHRERIE P EsRMEHBEEAEROEWMER
BElW, i, B EEARABEKRMBREERVRNAXBEKTY, YBIREERKF
B, RMSMElEARMER, ¥ 1R, YFLEEHEHABREFREEKTE 0.04% ~
0.08% EE M,

R2HAREBATFTEATASEKR#REE, K2 2WH, ERHEERKFT
(0.02%), BiASEKEG6H20HE7H30H, RMMETFHE, 7H0HETFXRERMY
Ko 0.04%F0.08% W MEBKTHEERKRSBREAR B, THEER, HELNBE.
F6HIOHZE7A 108, HEAK#HBESMBXHEER, 7TH108E, SEKEBLX
B, 0.12%8B5E 3 /K FHEARHE & F X4 BB KT

KINTEEBOK T TERBLEASEKHELR. NEXITUBHEEY, BHAESE
KRB EERORNSBtE, EARTZ2ME, FRASHFEE, HARERES —K
BRI, MEBMEASERYKRTNE, W0.02% B KT, £6 H20HE7 H20H, #
AEEKHERTXE, 8 H1HE, ZRIHE, 0.04% B XK PFE6 A 208ZFZ7H20H
AR, BAEKRBETE, 8 H1 HEHBIAXE, 0.08%F 0.12% HMEBAKT, 6 A 20
HE7H 10 B, SEKETXE, 7820 BEBEXR, & EAWTR, MEEEBEK
THRE, EBXEAVMPESEKAMEERNRYEBE LR, i, WK I3IETLUE
H, 0.12% B K PN EFAERKMEHERARKR, I—8S58KEZL2—8M, XTF
EAERB K TFTHMERMNERBHEASARZINHNYERTREES TR
(NH,),HPO, # N R{EAMLE R, CAKEMEEREN, FOKNE, BT NREKTEE,
N Rt ARG RAEKE FEY .



®1 FEH#BAFHREHESKEE KA ENH®

Table 1 Effects of different phosphorus treatments on height growth of Timor mahogany seedlings

B{I. cm
H # Date

KX ¥ 6H208 6HA3H 7HI10H 7H208 7H3H 8H10H 8H20H 8H30H
Treatment 20th, Jun. 30th, Jun. 10th, Jul. 20th, Jul. 30th, Jul. 10th, Aug. 20th, Aug. 30th, Aug.

ck 1.55 2.59 4.77 7.71 11.20 16.03 22.47 34.83

1 1.89 5.42 14.95 20.79 35.37 43.60 47.57 63.99

2 2.08 5.81 15.13 25.59 42.20 54.13 63.33 74.64

3 2.62 6.28 16.43 25.09 42.40 53.67 68.93 82.33

4 2.37 6.65 15.78 23.12 32.67 41.90 50.50 66.11

2 FERBAFEHEAGRABE KHIENED

Table 2 Effects of different phosphorus treatments on height growth of Chinese fir seedlings

$-{ﬁ: cm
B 8 Date

x ¥ 6A18 6H10H 6H2H 6A3H 7H20H 7H3H 8H108 sH20H
Treatment Ist, Jun. 10th, Jun. 20th, Jun. 30th, Jun. 20th, Jul. 30th, Jul. 10th, Aug. 20th, Aug.

ck 18.2 20.7 21.7 23.7 24.0 24.7 25.7 26.8

1 16.2 16.3 17.8 19.2 19.3 23.3 25.3 26.3

2 16.7 20.2 21.2 22.8 24.8 27.0 28.3 31.3

3 16.5 21.1 21.8 23.7 25.0 26.7 28.0 30.5

4 19.0 24.5 26.0 27.5 28.8 31.3 32.3 33.7

F3 TRABKEMNEBBRERBERAENHDET

Table 3 Effects of different phosphorus treatments on height growth of Slash pine seedlings

BfL: em
H # Date
K¥F 6 H20H 6 A30H 7A10H 7H208 8A1H 8HA10H 8HA20H
Treatment 20th, Jun. 30th, Jun. 20th, Jul. 20th, Jul. 1st, Aug. 10th, Aug. 20th, Aug.
ck 2.94 4.22 5.37 6.58 7.34 7.80 8.76
1 2.02 3.15 4.32 5.57 7.28 7.52 8.63
2 1.98 3.24 4.60 5.88 7.82 8.83 10.03
3 2.27 3.92 5.18 6.63 8.97 9.79 11.44
4 2.30 3.62 5.25 6.92 9.81 10.32 13.12

2.2 ARIBEREFKEMEARERPZ W

Ka4-K 6 ARFABREFKT TR, BA, BHEEARERRAR, AR4I4~FK6
AUEN, MESREERKFNRES, BEL, EAESHZRS, fissREYHIE
0. 12%BYEFRKF, EETHER 14.3cm 1 35cm. BrHEH) EBEREE 7K FHE LR
BEEAMEMINTRE, 7£0.02%~0.08%EH M, MEEBKTHES, BatkiEd
MK, BB 0.08% B KFE, HAEKRTZW, XSATHAEKREBENITRE—-EN,



R E R KB EEEEEREA . W, NEX4-FK6 TUHBEESE, KE
P KB SN EFEREERXRTEAMEML, W7 0.08%BEE FKF,
BHEAHEE. B0 5% 82cm 1 0.61cm, HITHBET 134%F 118%, M, &
AR 5K 13.2cm 1 31em, ELXTEREIN25.7% M 15%, #2454 0.18cm 1 0. 50cm,
EXTEEINT S.90%F 6.4%, B, BEMBMHEMEKRBNEAXATEARAMEBEHL, X—
EENMRBEEMRRZS M. A NIRRT S. 2N BRESHTFERE,
HENEIEEAE K THE, RUEEHY, S UBENRNE LB,
#4 FEARERAFHZHRBRE RN

Table 4 Effects of different phosphorus treatments on the growth of Slash pine seedlings

K¥ [:4F=1 e —HRMMRE (FR/#%) ERE
Treatment Height Basal diameter Number of first class lateral roots Taproot length
(cm) (cm) (No./tree) (cm)
ck 10.5 0.17 14 17
0.02% 10.8 0.17 10 15
0.04% 12.0 0.17 12 14
0.08% 13.2 0.18 12 14
0.12% 14.3 0.21 12 15

F#s5s FERERAFENEZABEREEHER (199458 A308)

Table 5 Effects of different phosphorus treatments on the growth of Chinese fir seedlings

K e iz — R R/
Treatment Height Basal diameter Number of first class lateral roots
(cm) (cm) (No./1ree)

ck 27 0.47 33
0.02% 27 0.50 27
0.04% 31 0.50 25
0.08% 31 0.50 29
0.12% 35 0.51 25

#z6 TEAWERATEHRHBEARERNER (1994FE 8 A 30H)

Table 6 Effects of different phosphorus treatments on the growth of Timor mahogany seedlings

K [:: 1= we — R (R/H) FRiE
Treatment Height Basal diameter Number of first class lateral roots Taproot length
(cm) {cm) (No./tree) (cm)

ck 35 0.28 13 31
0.02% 64 0.52 26 44
0.04% 75 0.59 23 54
0.08% 82 0.61 21 41
0.12% 66 0.58 15 34

ok, MF4, XSETLURNM, BEFTHRERE, MK, SRER—RMRER
P, ERRETH, BHEREEAMBHNAR, MERRERSHRBERG, MREMER
KM, EBIREER (0.08%) J&, MREMERKEZ TR, XS5ESMBREN
BB E—BY, EREMREZA BN ERTHERANIHER LR LR G HBE
FEEUYNERERNGER.



2.3 AFEBEREFKFXEAREY R Z

®TRY, MERERKTHRES, BMMEEANR., 2. TR~/ M, E
REIBEEER (0.08%) KVE, TURFEMZ TR, 53 RME, 7 0.02% ~
0. 2% RN, HAEXTERST 674.5% ~986.3%, WMAMHTFERST 228.9% ~
412.4% 1 284.4% ~385.4%, REAE, BHI&ZETEX B E BN A KN E AR A 8% E
z,

K AAFHEFRKFTEMMEREYERR. NEXSTUFH, BHNEAZE T
FrEREERE R K EHESTM, £0. 12% BB K P, B EE, B TEE0.08%
BRAFIHZABIRK. NETEXE, YMEBKEET0.08% 5, FaFRE, SXEEL,
RIEMT 3.7% ~12.3%, 22810 16.8% ~92.8%, M0 35.4% ~163.5%, S FEH
22.7% ~102.3% ., R 4 MEYFREGRUYHIEARNMBERERFEN .- H>ETE>
ESHE, X—HFERY, RHRAERHESEY BRI B R ERR N EBEEHAR—3,

RIONAEABREFRKETEREYRR, L9 XKW, H0.02% ~0.12% B EF KL
HAN, BERTOHEEARZERZIMH (RFEHRTFHER ), X—HBA5EHN, B
HiEZeRm, REAERZMEHWEERTEARASFTE: —2ZKEES (NH,),HPO,F#
N ZREAMEGR (EROBEMEBERRXEREA, NEXERGMEER), B FESANER,
HIR T NREERRE, MENLSRNERZEWMEER, TEHLCEATURERE;
“RETBERTHROMGE, SAREHBTFERERL, HXEFEPDEEmM LS RF,
LThhtl, ERERSRRET, BPARANZIHBERFIELRBEARAETENHERTHRNE
R, BRMREFFTRBCEZ B,

£7 TAREMRKEHMRHEHEHRHTN

Table 7 Effects of different phosphorus treatments on the biomass of Timor mahogany seedlings

x*x ¥F 1 Root dry weight Z Stemn dry weight B Leaf dry weight BTH Total dry weight
Treatment (g/tree) (%) (g/1ree) (%) (g/tree) (%) (g/tree) (%)
I ck 0.443 100 0.565 100 1.057 100 2.066 100
0.02% 2.270 512.4 4.552 804.4 4.650 439.9 11.473 555.3
0.04% 1.793 404.7 4.383 774.5 4.063 384.4 10.439 505.3
0.08% 1.927 434.9 6.147 1086.3 5.131 485.4 13.206 639.2
0.12% 1.457 328.9 5.039 890.5 4.488 424.6 10.985 531.6

#3 TEAWRERKTHENNHEYRHBE

Table 8 Effects of different phosphorus treatments on the biomass of Slash pine seedlings

X ¥ # Root dry weight Z Stem dry weight Bt Leaf dry weight B FE Total dry weight
Treatment  (g/tree) (%) (g/1ree) (%) (g/tree) (%) (g/tree) (%)
ck 0.1102 100 0.0722 100 0.1194 100 0.3816 100
0.02% 0.1143 103.7 0.0843 116.8 0.2699 135.4 0.4685 122.7
0.04% 0.1186 107.6 0.0936 129.6 0.3784 189.8 0.5906 154.7
0.08% 0.1238 112.3 0.1289 178.5 0.5199 260.7 0.7726 202.3

0.12% 0.1172 106.4 0.1392 192.8 0.5255 263.5 0.7719 202.1




% BBEURHBEREKNY

%9 FEARERATEHEZAEREHRHTE

Table 9 Effects of different phosphorus treatments on the biomass of Chinese fir seedlings

K F # Root dry weight Z Stem dry weight it Leaf dry weight B FHE Total dry weight
Treatment (g/tree) (%) (g/tree) (%) (g/tree) (%) (g/tree) (%)
ck 3.652 100 1.158 100 2.289 100 7.099 100
0.02% 2.752 75.36 1.155 100 2.964 129.5 6.872 98.2
0.04% 2.644 72.39 1.104 95.4 2.442 106.7 6.190 88.4
0.08% 3.492 95.61 1.470 126.9 3.392 148.2 8.353 117.9
0.12% 2.862 78.35 1.523 131.5 3.445 150.5 7.829 110.4

H5WRAEARRE, EMMTFYR-BHEHE FKEWEST M, SXTBMEL, fng
BERK, H6.7%~50.5%, ZEHMN31.5%, BEREARANHTENHRERY RN HE A
&, X—HE5BHMNREE .

3 &

(1) MERRERAKTHES, B, BEAUSHIES, SR NEHERE
0.12%HEFKF, BHEMNELMEBEERKTHEAMBESEANEMLRE, &
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Effect of phosphorus nutrient on growth of Chinese fir, Slash pine

and Timor mahogany seedlings on acidic soil

Zhang Jianguo
Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091
Wan Xirui
Subtropical Experiment centre of Forestry, Chinese Academy of Forestry, Beijing 336600

Abstract Effects of different phosphorus nutrient treatments on the growth of Chinese fir, Slash
pine and Timor mahogany seedlings on acidic soil were studied. Phosphorus treatments include five
nutrient levels of 0.0% (ck), 0.02%, 0.04%, 0.08%, 0.12% (percentage stands for the
ratio of amount of P supply to fresh soil weight) .The results showed that: D The height growth
of Chinese fir and Slash pine seedlings increased with the increase of amount of phosphorus sup-
ply, the maximum value of height growth appeared at 0.12% level. But Timor mahogany was
different from Chinese fir and Slash pine, height growth of seedling increased at 0.02% ~0.08%
levels, and reduces above 0.08% level. Because height increments of the three species were high-
er than that of stem diameters, it indicated that the response of seedling height to phosphorus nu-
trient was higher than that of stem diameter. @ The total dry weight of seedlings of the three
species increased with increase of P nutrient, the total dry matter reached the maximum at
0.08% level. The response of biomass indicators to P nutrient was leal >stem > root in Slash
pine and Chinese fir seedlings, stem >leaf and root in Timor mahogany seedlings.

Key words: Acidic soil, Seedling, Growth, Chinese fir, Slash piine, Timor mahogany.



