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o HIRIIEEERLE 1963—1965 FFEHITHY, 1973,1974 EXIE TN LIF. AXEE
WRTTE X M0 GERE R B b it + A B R ST R FRARIA] o

—. AR REBH T SBIERR B X R

TTFERRBRES ML EEX A EEX, FER VAR AL, 19
BT, BtBAREET R, SHAETREARNRE (MXRE L. PBATR
MREE AR RAKERL, MReaEA L. BB AT RER T,

ERARLH LM E,FET 589 MHERR M. BENNIMAR—-BREZ 2 E 3K,
AR R R AR EE , A XFTFI R X i R A B RS 20—60 TR 4R,

Rk, BB IR B H REENRR S REEHE L, ATHOMENMT. &
BRI 60% TEEBME PEELEENE. AHBHORNERKEE, T 550°C K5k—/N
i, DL 0.2N BRESTSIK ABRAR , Bk R Kk L ch i R 07 B R BRI BRI 0 A L. 1M
AR NE , i+ 18 A L8R - 2 #6(0.025N HCL + 0.03N NHF)BHEK, AR

pHS8.5 i 0.5M NaHCO, & H K™,

(=) ERBRXERAROHS R SWENR

ERMRX PR EREAEN AR, EETH-BENEANEE. B
R R ERE T KRA WERE SR, TR &F SBORPKA, TEE, B5
Ko HMMEREEL T EYRER LT, LERE, B HWEH BB FXEL
Hif pH % 6.5—7.00 AW EREZ, BN R RREBEN, R DERRET 0.12%.
+HAENBSREIINEER LD P0,20—22 B, A HEHEY 15—20%, RFHERB
it 35%, XN M BEBRAR. —RDLT3A B0 T IOt F R e
ST, B AR Y9 2 (P) A 3.1 ppm, SR 12 5.4 ppm, IREH KRR LHAHH
BRI K. BIEMEAIAR AR S5 E M h B RO R & BRARGAH—B, BRZWIARTIE
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FABERA THBRR, RENTAIAE L™ HBE 5% 20—50%, STLINNR
ETom s, BRI,

BEABEAR—WRETEHE T ERAROER 8, BRI RE M &
BAREAKNE YR, BT KEHEFUSBBER FULRRA . MBS L
RALTHER, REAWEARE 100 TRE. pH7.5—8.0 Ll L, THIBOEREE
BRI &B—BAE 0.1%, BUBMBBRARAZ, HRESE 100 R EPRF PO 204 &
5, PHAREI LR 20%, TRMAERBHBLRD, XMREZALETHOSERED, BH
BRELRE. EATHERSN SR EYBREABENR/VERRENN™, RAER
FERABEN T GR D,

(=) TRBX TR PROTBSWIERR

AE R AR PR RE T R, BIRE, T KB, N T

%1 ERBERIRPWHSESHENR
Table 1 Effect of soil phosphates on the response of crop yield to phosphatic
fertilizer in some important hill-land soils, Liaoning province

LN T RETT T Y - e _
Ok -8 2®#(%) |(mg/100g); £B(%) (ppm) |FE#I2H (jin/mu) M%) | RBAY
Content | Total phos. | Organic Grganic pp Yield Number
: Available | Crops . L
of soil (P,0,) phos.  |phos./Total phos. (P) wH Wk increase of trials
phosphorus (P,0,) phos. : No P | P-fert.
BB K M
Sandy brown earth
B 0.118 20.7 14.4 3.1 a2 219 290 32.4 7
Mean value| Cereals
griE  10.066—0.195/10.3—39.5[9.2—-27.2( 1.6—7.0
Ranging
SRR 11 6 11 k2! 142 172 21.1 17
Number of] Legumes
samples
analysed
- |
Brown earth
P 0.105 22.8 20.9 5.4 oL 183 287 56.8 48
Mean value Cereals 268 272 _ 1
RQEE 0.054—0.146[12.0—39.8[11.1—34.9/0.7—24.2
anging
AFE S 145 200 37.9 22
Number of] 34 23 34 Legumes| 274 256 —6.6 1
samples
analysed
® =
Cinnamon soil
SERJE 0.074 15.4 19.7 2.1 EBRL| 78 144 84.6 7
Mean value Cereals
I |0.054—0.099]12.1—20.4(9.0—27.7| 0.5—6.7
Ranging
ST EERK 14 10 — 14 gof 58 103 77.6 5
Number off Legumes
samples :
analysed
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RE A RAEN, TEEEEGTRERARIRY EREN -, 16T iR~
B, —RE T, 138 pH 6.5—7.2, TEKE, BNDHERME. B FHRERK
R EBRL N, HE TR R, I E AR R 5 2 i , 4 M KRR 2R
Bl By IEmREEEE T EAE LHE K EERBEK, 8 Epfa bl

%2 TPRBELRAPRHSREREYR

Table 2 Effect of soil phosphates on the response of crop yield to

phosphatic fertilizer in some important soils of the plain area

+ B | ARBE | o YRTE) ‘
HER (%) (mg/lOOg) 2 88(%) (ppm) e B (jin,/mu) (%) | IRBAY
Content | Total phos. | Organic | Organic . Yield Number
. Available Crops . .
of soil (r;0,) phos. phos./ phos %4 - increase | of trials
phosphorus (P;0,) [Total phos. (P). No P | Pofert.
LHFRERL
Meadow soils, southern Liaoning plain
FHE 0.123 24.7 18.4 12.4 £A% | 450 510 13.3 20
Mean value Cereals 512 511 —0.2 6
ZWELE g 0720.248[14.2—38.8|7.3—36.9(1.4—43.4
anging
AR 5 X =) 213 267 25.4 9
Number 3 19 — 35 Legumes
of samples 240 239 -0. 8
analysed
L R0 S 30 B P 2 AR At 1 39
Alluvial soils of filled-in valleys and river deposits
SEE 0.119 31.0 25.8 8.0 ok 303 362 19.5 38
Mean value Cereals 362 360 _0.6 7
ZELM |y 070-0.220/8.8—51.3]10.6—34.0{0.7—25.5
anging
S a8 120 171 42.5 5
Numbelr of] 21 8 — 21 Legumes 245 245 0 0
samples
analysed
AREREAL
Calcareous meadow soils
N ali-] 0.142 19.7 15.5 3.3 A% 290 336 15.9 18
Mean value Cereals 293 295 0. 5
LI 19 070—0.295|5.0—33.8{6.1—35.1] 1.0—9.3
nging
SR g8
Number of 18 10 —_ 18 Legumes 121 180 48.8 4
samples
analysed
BRRRL
Saline soils
SEH)E 0.082 31.9 38.4 8.3 ] 648 890 37.3 6
Mean value Cereals
IR A E [0.075—-0.112{11.0—48.0[{14.7—42.9|4.0—16.8
Ranging
SRR 8 48 - 8
Number of
samples

analysed
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BARRRERX IS EATRES, AFH#SR S SN EHRAR, AT
BBEHRRARTAINBBENHN, FRBEESEE 12 ppm U b, BILXETEL
BEBEEE R AT IR A B HORAR AR T A KB AR 8 ppm, UL A THX %+ 4
NAE—¥U X ERSET LA RRAREAH™ 8 R, XEMELRRABRERER
8. BEER, XX TMEBENE, BEXRE. BHPBEERLHEAD, EHH
Ay 1388 R 7 B i A B AERY o

U ERREEN T, 2 F i ARKER - BERSARERE M T K EFa &R, x4
HREESHAAKBEEGL, pH7.5—8.0 L. REXBEEBZRTERNHRE
AL ANHSBREFLREHRX TP XRD. MARBSRQIK, EHKRE S ppm, Fri
BEER — R E8BE, H-EE B ATHMFEBXA L8,

BRAEPREFEMROEG L MAKEE AT, EBR X Ry, E e
HRW, ARARRSRE L. ERFEMEME, THERRERFHERRHR
A, LEH#OSERARBREWERRER —BAIUEREEIKEE LRRE
REZE,BEEZAREEIZ =L EREB T H™8R

BEMXORR T, EFHAARNERAEB, XERHEERAT AR
BEROBEN AR 51, FE A B AL AR B B E Th3 (% 2)o

1973 FRIRK, ERE X TR EN 70 A RRE P, N TRE TR RE ERSEY
R ERES=/NT 5% W, ENREBERIL 17 4,45 189% . EXABAN L 81.1%, H
HRARIAIAR 1 5 AU A 80—90% , AL A5 70% DI b, #B+RiBEHBER.
E—HEREURNREZER@QHER T, BT LIENT TERE F 5N L8t
EEEMHTEE80% UL, BERENEEYEFEH#E,

(2) LMEHKFSLREABBHNRER

AR LR OB SHRBEXRZANXR, RaNER, LERRmL
MOt WA ER. AHEDR, RER—LMAR, N+ 0B FRE FTERT B,
HAIRLT KWK R A SHERE LORR, Mt LSEAHRERAZE L X—0]
B, VIR E A - ERIK N R Hifn, A NR—RE 5, HesEhSkmes
fER , WA RAZS (3R 3D

#3EW, BIBENNES T HALHSEHMEENN, EATHESHNZX
RNEE BB R0RE MR K. Tl LSk ESHERRRE —EX RN, KMt
BEIIKFR—TFEHR, EEAEKE.SATHE. HHANBRNNEIK, B
RURTBENKFO—IIRE, BXREZLEBRRTEX—ER. nEYERIENE
BRIBEHAKPH, XER 3 ABRAME, KB TRA—~ENEN L EHEEBSE
EFRERRAN o WARELEMER LIEFIKFE—R LA KBTI A 1.2 —ppmP,
TR RN XY 2.5—ppmP, BFEIL 43.4—ppmP, J FABEEH M IE B A RAZE ko
1973 FEHA%, hBE HMLEY ™ RIEXE R LR AR R, RS L EmR 3, A
AE.BREE. RZ,BEZREE (X o

RMAREREARIREA L E, Kb SEH L8 ETREER. #REIENL
BEFA MY —RES; EREH LS E—BEIK. XBEAHATERES T
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Table 3 Effect of the content ot soil available phosphorus
on the response of crop yicld to phosphatic tertilizer

£ FRT/E)
tymgmsn | FORAE Crop yield (jin/mu) T | BRI
Level ot available A 'lpbr; Rate increase Number ot
hos. vailable phos. of yield trials
P mean value Fag:i e y
P) No P P-fert.
RELEY
Cereals (grain)
{ Low 2.9 136.4 186.1 36.4 8
$1F Medium-low 3.5 276.1 322,2 16.7 17
i | Medium-high 11.2 499.5 543.2 8.7 15
® High 16.4 712.3 743.7 4.4 9
SRy
Legumes (seed)
{ Low 1.6 72.1 128.3 77.9 8
i F Medium-low 3.2 136.2 178.2 30.8 19
i | Medium-high 5.6 181.4 216.8 19.5 17
# High 13.0 280.5 300.2 7.0 8

F4 FRATSREHROXR

Table 4 Level of crop yield in relation to the response of phosphatic fertilizer

BMEXR y . (T /) ; :
Effect of phosphatic N Efr(tf?/m/) ) P-fert. applied R t:gi:(lqgr)ca N ﬁ%ﬁf}\%ials
fertilizer o Feert-Gin/mu (in/mu) ate of increase um
B 951 947 0 7
Ineftective
BERE 885 926 5 7
Effective
BRB 725 819 13 11
Significantly effective
644 832 29 2
Very significantly ’
effective

B PR A R o SR, R B RIS AR+ b 5 Tk B, BRE
BB 17K FRT AR 4 B M R IER — MEXT TEIR. ABRER AR TN, THE
YA - SR 3 AR, B P A PR R AR X 26 R A iR e = B — D E R IE

= AR TEOBEE RS R K LA BB R

(=) ERMENRHBE/RSLREYRZABHXR

THAKBEERRT LTINS B TR LEPENBFEENES LS R, 8
AREE A TVB EFBINRRRE TRt B ), ME MR RN EENT RN L
MA RS RITWE L BhIEABERNELRLENHSEIITE 5.
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Table 5 Correlation of soil inorganic phosphorus with the yield of wheat
plant (pot culture experiment)

AR | AR | Yo ok b
3 ] teld of wheat
EHL#EE (me/1008) | £10/700g) |~ (ppm) (g/pot)

AR B 1 S pH Form of inorganic phos. (P,0,)

Soil type Locality

Total Available

inorganic phos. in A o
phos. (P,0,)| soil (P) No P P”;Efcrl.

Al-P | Fe-P | Ca-P | it total

tm | 6.7 | 6.0 9.5119.0( 34.5 67.0 5.9 7.4 1 17.8%

2 Bm | 6.9 5.5[ 6.5|22.5] 34.5 43,9 5.6 5.0 | 21.5%
Brown earth | %4 | 7.0 |10.8|20.0]|20.0] 58.0 86.7 9.8 14,5 | 19.5%
Mg | 6.9 |15.5] 3.0]42.5]| 61.0 - 95.5 24.2 29.4 | 30.2

L0} 6.9 4.0 7.0 21.5 32.5 63.8 7.2 8.4 29.0%*

-¢E £33 7.2 7.0 3.5 ] 40.0 50.5 64.4 7.7 22.3 39,7%*
Meadow soils | ;M | 7.0 | 24.0 | 3.5 [87.5] 115.0 12€.2 38.5 37.1 | 30.6
e | 7.2 J15.0| 3.5]75.0] 93.5 158.4 18.6 16.7 | 16.1

Extsegy | Ml | 7.8 | 3.8) 40|28.5] 365 93.6 2.8 8.0 | 25.2%*
Calcareous @8 (7.8) 8.5} 25|67.5| 78.5 115.7 7.5 26.5 | 35.6%*
meadow seils HE (7.9 {13.0] 2.0]42.5] 57.5 125.0 9.3 18.1 | 30.1%*
g (7.8 4.0| 2.0|21.0] 27.0 69.2 3.5 22.3 | 35.9%*

Cinnamon soils| X | 7.5 | 5.8 1.8125.0| 32.6 79.4 3.4 18.8 | 32.0%*
By | 8.1 | 40| 1.5[42.5] 48.0 73.3 3.3 14.8 | 28.0%*

*p=0.05 ** ;=0.01

ARG P+ b kRN A L R BRSBTS 100 L P,0,35
—110 B3, =XMBRE 2N EENBRERN 50% L L, 7l X =R EV B £ T L8
BRPEAEERMN. XEXTHHEEZEL, EENENELNEXHSR.H 5K
HBERRA —EXRo YHREMEGM I H=XHERZINATREALTS 100 B+t
PO, 60 Z Tl b, TIEABMAT 9 ppm, RSB SBHRR M N PIBRRLHK
o HHSBRSNESHER, ENSRNEZD, HIMERHESEZED, B—FW
FHKXHEE (r = 0.856, p=0.05), HB+BAKBPN—BIRXESHER. Sk
FE-BRED, AAENMIBEAR T EREH, RSB ST HABBBZHNXRARESE
T, R R EHRESRNER, SIREXBARZAEXAERE (r= 0972,
p=0.01), BHERASERE, THAKMSEDLE,H PO, HBEF 100K Pk 15 =
R LR, AR SRS EYM, EABETR, S8R PO, 41 100 5t 10—15
BEN, IHARBAEERTHESRE, HABEXR LIPS,

AEAKETSED, NAREEGTEBELDENBRS EERUSHEBERRE
FIE % EHBE S BEERIR, MEHREEREIREDEYNTEERSE, m2A
B AKYE M AR IR R, ATt e IR IR, A MR S — R B R T
R

(2D P RA W RBIREE

LT EME L A, BN ER TS AR TR, BALME L R A K%
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TREZHEACHRERHESY, HhftHERRHOMRHAL, MAE KIS L%
B A B R e, X TR X 3 A RO B R L AR R, A RN, A AR
-9 83

BATEY AR AE, LR T JUMMEEE D7 BRI RE - A e Rl 5 B e 3 4y
BB EEAH, SEABEZROXABLAR AR R RN, RS R
M-BERENENIEARBHEERABMEKREEEEE. M_BZRERAK, H

£6 TMAURSESWIENRIENRN (1963 )

Teble 6 Soil available phosphorus with the correlation coefficent of the
crop response to phosphatic fertilizer

pae | 05w (OIBNECH 00n | HAc+ [ 05N | 0ov |1ockam| 0.1
Time of trial | NaHCO, Ni—l F H,SO, NaAc HAc HC! Citric acid HCI
4
HE 0.857%% 0.856%* 0.816* 0.743% 0.913%* | 0.8B65%* { 0.757* 0.673
Summer
2F 0.992%* 0.98]1** 0.956** | 0,999%* [ 0, 802* 0.750* 0.819* 0.699
Winter
SEH)E 0.925%* 0.919%* 0.886%* 0.872%* 0.857%x% 0.807* 0.788* 0.687
Mean value
* p=0.05 ** p=0.01
7 P HBELIRANRSBSRIEHR
Takle 7 Relationship between the available phosphorus in neutral to slightly
acid soids with the effect of phosphatic tertilizer
THAEH (ppm) (P) W= H(%)
R®RE THARK pH Available phos. in soil £ ¥ Rate of increase
No. Soil type Crops (Take no P-fert.
NaHCO, | NH,F + HCI as 100)
1 |fE*E48 Brown carth 7.2 2.0 2.8 &% Soybean 113.6
2 |&iyER Brown earth | 7.3 1.0 4.9 A& Soybean 214.7
3 (kb1 Brown carth 7.3 1.0 4.9 KT Soybean 232.1
4 |FEF A+ Mcadow seil| 6.1 1.0 4.2 K& Soybean 112.7
S |BKEfH+ Mcadow soil] 6.8 1.0 4.2 E ¥ Maize 120.0
6 |EE$z18 Brown earth 6.6 0.7 3.5 A& Soybean 173.4
7 |FEEA+ Meadow soil| 7.0 11.6 6.3 A3 Rice 103.2%
8 (& JtE Brown earth 7.5 o 1.4 E ¥ Sorghum 112.0
9 FiFEE® Brown earth 7.1 4.0 4.9 A% Soybean 167.1
10 |BFEFES Brown earth 7.0 9.6 17.9 K& Soybean 112.8%*
11 |BEEEHS Brown earth 7.1 5 2.1 A& Soybean 146.3
12 |#F 57 Brown earth 7.4 2.7 9.1 BR Sorghum 126.1
13 |#F B Brown carth 6.7 0.7 2.8 /h2E Wheat 112.4
14 |# 8218 Brown carth 6.1 b 2.5 IR Apple 130.0
15 | 8 5i Brown carth 7.2 2.0 9,5 W H Apple 191.5
16 |& B #E8 Brown earth 7.2 2.7 4.6 I H Apple 114.1

* SERRRERNENERRIRERTS

No positive correlation with available phosphorus determined by two

5 NHF + HCl B X%2&

ok

No positive correlation with NH,F + HCI extractant.

extractants.
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KRR B —E R WA BB B R, (E BT B B . MR R B
EEIE 60

EAER DY GoiE) T8 FR AR SR - BRI MENE LA R #CE
7) EEILUME AR ME B IEATESR. (E BN, MR- BN F4H
E B RIEGTESTEE. |

it HEsERRRE L SARBRA T RAR-REE. REAERER, SH1L W
HRBA/NT 4 ppm I, R B IER R IR A B E, — BB~ 20% A Lo 4—8 ppm B, JE
FBESROEHABY, "1™ 15% Efo 8—I12ppm i, HABEKRBETHE.
W= 5—10% , AR ERE, BHAERE™ M. KT 12 ppm b, — B HEABAL AT
R 101 LHRRRGH 7 EE5HMERETS, AHREHQKE 7%, HILE]
W, AR A - AL I i T AR A E 93% LIERR S BIESKFRER .

1974 SERYHEMEIRK, 0.5 M BB EPMRMEAR-S MK, NELHARHSREHE
BRBE  EASURHRREL. AR LRER, bt WH KBS RIERILE 8o

%8 P MARROIRSFH=ROXET

Table 8 Level of available phosphorus in neutral soils in relation
with the crop response to phosphatic fertilizer

Axma’ (ppm) &( B
het: L8 Tk Content of available '?Td FF/ ) .
Grade of soil phos. (P) Yield (jin/mu) igi“(%) RBEAM
: ate of Number of
available phos. increase trials
(P, ppm) ¥y RN E pag| it
Mean value Ranging No P P-ferv.
SHEY
Legumes (sced)
<4 BUDE 2.0 0.7—3.8 130 186 42.8 28
Very significant
4—8 BAEAE 5.4 4.1-7.4 180 207 15.0 15
Significant
8—12 g hes 9.5 8.8—10.5 222 245 10.1 5
Effective
>12 HEHEX 23.2 18.2—29.1 264 265 0.5 ‘4
Ineffective
REEEY
Cereals (grains)
<4 BEEE 2.3 0.7—3.9 289 345 19.3 21
Very significant
4—38 BEMARE 5.7 4.2—7.4 346 391 13.1 14
Significant
8—12 gdhs 9.9 8.6—11.2 577 605 4.9 2
Effective
>12 Wl TH 20.9 12.6—43.4 632 657 3.9 12
Incffective

=. % i

AELRERLFIBROCERENTHPBROBEAROTIRSRY B 8K
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THOEBESRAALER TR T RN 8, EERBXXUEGLEXTA
R T, EATHBRSZRELEIHANSERANUHSBZMNXAR, HFATE
—B, MIWEXBSES LIMEHMENNEENBEXRNRNZXRBENE. R

AR S B R A M IR R RS L > LR AR £

>RSP ARETENAAKEEG >\ T, X5RALE FERIHER
21: 0 e 95 Rk P

i (B EMER Y SmprE E a1 rh e RN, &, SRt b
NBcENS0% UL, AMX=ZXENH#BELNHCEHSHFEEMLN . SNIEN
ZUHERWE THMOURES, RSHEXRTEYXR. HPLUSHRESER
%, NIWOHBENE —EEM. RBERESE —BER. XSO MBEHRERR
Mo MERRRSENS L ST HARMSBNSBREXERK, SERBEZRR K
X, ARETEPFEN#ERTRUEHEBRERSELE. B OB SBBWRIK, M
SR ERE RGP ER A Y —REE, N T MEtBEEE 85 , IR T e A i iR
F-RAIREBERI R

AmEAR-SERENBI P EER, EA LTTURMBAE S MEEk - Ehash
BBOBERE, HERSHATHBREERXATE . LMPHKH —K/NT 4 ppm
N, iREE L HEHEIRS, FRIHRSARDEZR; 48 ppm I, LIRHBES
8T, BIESURE; 8—12 ppm I, HBREN D%, HATHBRESIAARE. KT
12 ppm b, RART I A ASHARFERE, ERALHRSEN ™R 7 101 LHEIAK
GR,E 3% WRRERSE LR H REME—B, 1974 £RAERARE XUBS.

#$ % X MW
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CHARACTERISTICS OF SOIL PHOSPHORUS AND THE
RESPONSE OF CROP YIELD TO PHOSPHATIC
FERTILIZER IN SOME IMPORTANT SOIL
GROUPS, LIAONING PROVINCE

Jin An-shi and Liu Xing-huan
(Institute of Soil and Fertilicer, Liaoning '

dcademy of Agricultural Science)

Summary

The potential of phosphorus supply is higher in soils of plain region than those
occurring on hilly land in Liaoning Provinece. The rate of response of crop yield
to phosphatic fertilizer showed no definit correlation with the content of total phos-
phorus and organic phosphorus, but was highly cerrelated with the content of avai-
lable phosphorus.

The order of content of available phosphorus in neutral and weak acid soil is as
follows: Meadow soil > Alluvial soil > Brown earth., As for the caleareous soils,
the order is: Saline soil > Caleareous meadow soil > Cinnamon soil,

Extensive field trials on the efficiency of phosphatic fertilizer to cereal crops
and legume crops have been made on soils with different levels of available phos-
phorus. Comparisons of methods for the determination of available phosphorus by
various extractants and their correlation of the response of crop yield to phosphatic
fertilizer were also studied. Detailed date concerning the above mentioned topics are
presented on Table 1 to 8 in the Chinese text of this article provided with English
heading and necessary explanation.



