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RENERBREH T~ BVEE, ABYEROF AR —BBERTRE, RERIK
FIAB AN Bh R RE—BHURBHE . B, 5EA N X U RSB F R E K
B, BEFRARY 40—47%, REEE 34—36% (KIKRF,1977), BREERENT AE—
BARR 30%, [RKRA 11% (BRREWF,1978; RiRIPF,1978) HAREH, AEERK. 2
BB HEL B AR BB B AL AR e 2 4R 5 B F) F AU 2 Hi'® (Broeshart, 197 1; R EI R 2B
AR B R KB, 1974 BREE L F, 1978 RIRHF, 1978) 5K BE A RREERN
BOEPRRED, EMAOERLUREES . NLHEHNAERE, ZEP BN EERS
ZIR RS, Uk I RBER BT B EXBBRZWOHBRESEHRA T EH. ¥ T
JE—RIER LR T XY T A~ A B ERR AN, B4 AFE R RGBT RN
HEMBERENIBOE A BE, XHFENRT TEAN LSRR EBRENENH
KR HELEI, RIEEBHHREFSSHERBNBERR GRZE L. BRI
1978), EREAUN, KEHUAPA KNS SHRATNAR, HEREREFNHERR
RIRE, HREOBSETERARK MR EBARINEE. BIRENTE
B, RENEREENREHRSIETEN(RESESE,1978), BEBRENEEEN —F, 4
FIEE A RS A 5SRO ER ZIEEHARAIE. Hit, KRR L REE
NEBREFARIELEW,

BALEBEEN, T HARENMERE. At FE“L/ N MR EE" O
BB MR ABRE"BRE”. RELH ERBOAE LR RENRRKE WRH,.
XEEEE R A & U SRR, thRIARUER IR E SN AR R S B
HFRHE LS. AXRREX I HEREN R ERNNRERIIGZEETE ST, HiE
HEEERE TN AEYEERET SR, DRESENRN —RERIEREZHE
ERBRBRHEKENEERZR(TERN ERE R L AR ER, 1978) , X ZaFH
FRMNSREEREANTIHZ ARZRAHXNREENARTSH, BEBETAHIE
B BN o B, 50 M AT S i3, M HX B AR RS AR =4Ok, — 34 L BHI T4 #H

* AXBERBERBENBEE, BFIHE,

1) HlE+ MEHE R, 1973 #RAEMABRNERBER —RBREESHE. LESHEHE, % 3 8,
13—17 7,

2) LTrERMBERWYEFFET,1975: ARG KN 37488 /LR &S A S gH . (FED
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i 3 2 A AT (BEF5S, 1975) FIFOKRA MR L HRB G SRR, R I
TTRESCH G MR EEEN, MnEBRE -6 E &R Ay R — N EERX
#o

Rk, A LA, RIT—F ER KB AT RRE LI BRI RN 5 K
PE, B—hEBRANTRREEARS BN LR RHtRE R RESREERY &
B, MARRIENEATREN Ro

—. BRI M

RIT 1978 ERBWPELAHE THERFANETo R ELMBTHH — 8 R
YR BB A MR B B e KR 1, RN T A 2072 1 KLU BIE S Ao 3
—RRERMMETRE , SR REAIEIT, TREH, KBS TRE, BHRR
s B—RERE L AT RS, SR S A, T LB, K AR
H K BB, (R BT o R, X B 4 S B AP B TR 400 iAo A%
ARt e L 1o ‘.
%1 RAREBEMOWMILMR

‘ pH | 2N | &8GR MEH | EEE | <0.001 k| <0.01 ke
T 1,0 | @ | @) | N | (@ pem)| (K pom) | (%) | M%)

mERE: | 6.6 0.153 | 2.53 9.6 - - 23.0 52.4
WEERE: | 5.9 0.141 | 2.26 9.3 15 78 23.5 51.1

B WMIHA 0.5M NaHCO, BiRtk, MK/ 1IN NH,0Ac Bk,
* HREEFEZRENE.
RRAFHARETo
(=) WERHEMELE HEsimnt E3EF, RABRAKX % ENBITEAER
29 JEX .5 35 EDRME RS 32 A, B ENERAOA T 42— KBS Ak
i 4 2, Bh 38 K, 5 H 18 BEKIRAERIEIER, S5 4 X, 84 ¥, SHEE%
BN 3.1, BISELIES. SN (KHPO, + KCD), AR % PO, RIK,0 % 0.5 5/, &
R E I 2, 4 MEERIBREX 0.5 3 N/H (45 10 N/, "NEEX: RE
9.65%- Wigk 13.33% W 11.21%, REHFTE7 A7 BAWFRIPLER, Bro—20 EH
¥ L MR MR (B RO TIIE o
(=) AEXEREARESENBYGTE  ERRM LY ERNETUE, BREE 2
g — AR, FMIN AR MBI (CK)o RRF R L, EREARREY 0.4 BN/,
BREkEY PN KN 11.30%0 SNEE 10 1, SRRNEIENEE . SRRER, %D
PR RS B ER Y , BY 4R R S AL RR AT L, RN 3 0—20 EDR - 4 SR S R A i
B AT Fo
BR— B4 8¢ 1 B8 I 2NKCL $RER ZRTEME NHAN, I 1508 1.2 RPEEM)
R11:2.5 (4 3, 4. 5 RBEER) o HAWIRRTFENES . THABKNERNE
SR A Bremner B EE ECBLES, 1978), {HHEE/GEE 6 RFAE 11 Rey L RN
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U s PN &%%Eg;ﬁﬂ.t&i&kﬁﬂ,!ﬁ?@ﬂﬁzmﬂSE*ﬁﬂ:ﬁiiﬂﬁo R RS AR K B
U n FREBREMELLRNE, F& "N RET 6 A 20 8 HBERNE, Ribsh1 8
Nc # "N BREEMEERNE, Rilsh 1N
Ns . UN kMR R, A L)
U % UN RRMEHRE, RLEH L, PN E

KB, L EE MR T B TR ROMEER. AN N RERNEHR
FR#ERE, |

=, RERERAN®R

AT ARG ERL, RITA “N REZELIRFRR, "N KREHRFER- + M NH-N
FABREENREL RS TR 3 K4, HEK T NH-N 5XBREREZMiTE
RRE PN BRNERFITE 5.

(=) FREEH, LRUROTLFKEYN "NH-NOBRIE ME1XE, Wit
M RIX R BR S Pe B, 2078 6 A 8 B USRS M, X 55 3R R MR8 mE — %
B (% 6)o MARLIMRE, B+ HABHTERL, AR, AEHNERESZTEET
2RERNER P, 76 A8 HAI28 BN, WAL MAER MBLtH BILLEER X 1.7,
AL M RNLLEHRA 1.1 (F Do MHEMERREXE, —EHLHBNRR. M
TMEFRE, FR DM IR RS KRB oH, SR IFREMm T, HRINT SR,

%3 Wby NH-N R(E5% N/H)
sAR248 | SA298 | 6A8H | 6A28A | 7H28A

IJN liN é l‘N I!N é. l‘N I!N ,g. l‘N IIN

T = pis::)

op

.l‘N l!N ,f_:

U % 163 | 61 [224 129 j19 148 | — | — | — 177 | 2 (79| —|—| —

U g 152 |1 80 |232 [119 |39 |158 {71 | 3 |74|78]| 2 |80 | —|—| —

L Jiig ¢ chd U A 180 {199 (379 {149 {154 (303 (120 | 14 {134 119 | 3 (122 | — | — | —

Ns # 170 112 {282 1110 {27 137 | — | — | — 108 | 3 {111 | — | — | —

CK 991 099 |87 | 0|87(60| O 608 (0 |8 |— |~ —

U % 129 {54 183 | 71 |17 {88 58 | 4|62|51| 2 |53|89| 2| &1

WEREL U R 118 [112 [230 {132 J156 [288 107 {42 149 {62 | 2 |64 |81 ] 2 | 83

CK 791 07971 0]71({48) 0|48 )47 | 0 |47 81| 0 | 81

H: N RELRHES: UN REENERE S ARE N BN N $ 8%k TR,
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® 4 KIB(RESS )RR (R N/

5SH24H 5829H 6H8H 6 A28 H 7A288

il wm UN|[EN| & |“N|BN| & [“N[*N| & |“N|"N| & [“N{"N| &
U % 17 |37 |54 )27 |77 [t04| — | — | — [480(113 |593} — | — | —

UR 23 (29|52} 29|81 {110 |L08 |107 (215 |508129 |637| — =
i 3578 + U 13|15]28131]55]|86 (113|253 {366 |467 272 |739] — | — —
Ns % 331387165101 166 | — | — [ — |541 {152 |693| — | — | —

CK 31 0] 3|17) o|17)91| ofo91]433| 0}433| —|— | —

U % 15 (33|48 ]21|56]77 88| 82[170 |304| 97 [401]515( 99 | 614

EREET U & —16] 5 |—11{—10[ 28 | 18 | 64 |156 [220 |336[269 | 605|459 201 | 660
CK 11 0 1! 40 of 4[43) 043|254 0{254|454| o0 |454

* EMBRBESRE 106 T/ H.
%5 RREHER(ERBPABREKN + 13 NH-NHEZH)

5H24H sH29H 6A8H 68288 7RB288

= e UN([BN| & |“N|UN| & [“N|5N| & |“N[ON] & [“N|oN| &
S 180 | 98 |2781156 | 96 j252 | — | — [ — [s57|115 |672| — | — | —

UR 175 1109 |284 (148 (120 [268 (179 110 [289 |586(131 |717| — | — | —

MmRELT U & 193 [214 [ 407 180 [209 [389 (233 {267 [500 {586 [275 |861] — | — | —
Ns % 203 [150 [353175 J128 303 | — | — | — [64otss [s04| — | — | —

CK 102 | 0|102(104 | o0 |104 |151 | o Ji51 518 0 (518) — | — | —

U 144 | 87 (231} 92 | 73 {165 |146 | 86 {232 355 99 |454| 604|101 | 705

WE%ERE+ UK 102 {117 | 219|122 {184 (306 [171 [198 {369 |398[271 | 669|540 }203 | 743
CK 80| 0| 80 75| 0|75|91| o] 91 (301 0 {301{535{ 0535

H: AR R 400 X5,

ALY, MZEKELRG T, HERE LR B BH; MG B E
REIR L, TRETEAGER, MERKEERSAT, BRET Lt gg, XEX
JEBEARRE (PEMNEREREETIMARTER, 1978). 1S, ERERERGIE
RUE BRI S, AR T8 pH AR, MEIRSEMEMERN AR XEHRBE S
— W TR -

ARBREH , KBRENERYARET LR RNI LR, BEKBERKEH_F
WARTRKLAR R Alin, KE L1RE, MWERE 6 A8 BARIRN=ZRAE
A, SR B X X K BRI R S TR R st B E & R BB TR, 3
6 A28 AINEMERA MK, XBRE, BN, KB 8N H “NH-N BRIk

M AL ER.

HIEER, MEREMAAERY, S8t PXBRANBRNVERE: (DLRE
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AR (H/A)
A1 BREXTEEE DN R R ARREEE ST WK RN Rt f
%6 RRERMEMEASERLOFHERE(C)
+in 5H248 58298 6H8H 6 H28H 7A28H

% in 3% 78 49.1 86.0 146.0 333.0 —

SRk E L 4.1 79.6 138.6 331.0 673.9

#: @XT 6.8, 14, 0 WANLE, HSAPSLE, BRHLRES 15C H0ARRE, RIVEHI0E K
RERU S A 18 B BBETTE NN,
RGBT, (2) 75 BERIR L M5 (LHTH B “NH-N S8t Bk mRTRI .
(2 RENKRTE SHEORRFEBLGR DESLRNERGRERS, 1977)
BA—H, B AREHEM, ARRERG R, XDRZHTREN AR LR
KRB M EREEN , F A REEMERTRERRE, RRME—¥U L. RERER
EREESTRERBANAERBROMK. RENEREOFMAERR, REARD. RE
BB RGN AR GRE, AL AT RERDER D, AR X BHEEREN S
B A8 30 %
NEZEELRBERARRBRNFIAEEE L MRAREEORRNEERE P
Wgtie Reddy % (1976) 18H, EIREHHEARIEB TS ENRMHILRENER
i RECRRARI—Y. Hit, BMEAACEEHNEMEARTETEENEIR
WALHERR R, RIEE, ERRERRBHEROESR T, REMAZRSH0RERSL
NEREHARS, Hit, ARECRKBRURTEASS . o0, RIBRERTE RO
AR AN (0 pH) WS, RN X% EBIRE, BRER.FE 1961 A%, H
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®7 UNRCHENERTE(L A N EERN %)

(1978, B8, R, &+ )
i b | KBRE(BERR) By P 5 3

U #® 27.5 18.6 53.9

U B 37.2 22.7 40.1

U B 37.6 : 18.9 . 43.5

U ® 74.5 12.4 13.1

U & 64.7 5.4 29.9

Nc¢ #F 24.0 18.6 57.4

Ns # 50.1 21.4 28.5

U % 31.8 16.5 7 51.7

BNBEE 5% 4.7 5.3 7.4

19% 6.3 7.2 10.1

%3 WIEHERSRHNERTERRDEARM(EHEA N R %)
T % big:d RS KRB B sy at: oF574 Sk
Ns % s H24H 9.5 54.8 35.7
5 5298 25.3 37.3 37.4
6 A28 ¢H “38.0 27.0 35.0
L Yig-=- b -

U # 5 B24 R 9.3 49.3 41.4
SH29R8 19.3 33.5 47.2
6 A28H 28.3 29.5 42.2
U # 5§24 8 8.3 73.5 18.2
ERERE L 582908 14.0 49.5 36.5
68 88 20.5 40.3 39.2
6 A28 H 24.3 27.8 47.9

THEKBREMMMEEARCENREENS R, RiiiESRTEERLE RN
BRER.BERIEFREEE R L. WRIX—HHEERNE, WNERESHIERRE
WRBHREZWE, BX AT ENRBARAXRERETERFAENEE, t2ESE—F
HiTHYo ‘

FUERME G "N FHHRNZITUELERIITE 8o MBBBXE, RICHEL R
G, REORAR KEERERERRD 11 XA, 3 "NH-N BEEIKERE (& 3), B8
R E BB REHDM M. Broadbent A1 Tusneem (1971), FFF MM H (1978) 1 #iRk
ETRRNLER . MR LBRE, 8410+ P RK AL @R+ P rtk—&, B3] 6 B
28 BINEORABRNAHIL.

(2) BRELWPNRIL EHRERENBET, LW N R TR (R
(%5), B 11 R RBIRIEA, JLBDIEHE 272 B3R, SEARD 68.0%, % 8 XE,
R ERK N 374 %, ¥ 150 B3, AR TR AR KE R 122 B, SEARR
B 30.5%, XHEESREKBERSBHITLUBSHRBURCRILRE,1963; 8%,
BB, 1975, 5 F HHE, 197800 MEEHTR 5 A 29 HEI 6 A 28 B, FERIGERN °N B4R
BN 27 B, MAFFASSASBRARERN 22% (SHEARERN 68%),
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REBA LIS BEETAKRE, HKWRRZ S+ W FRREE L RSN, ME
2 R\, RERMEN, "N Bt &7 5 A 24 BLUUGBAFER (EERH T LFRY
RRBK, UREYEEHNELIERNER), BRERK, UFRIKBREMRIRN, T
HR#M LR AHBRES. REBEN KEhRR. B2, RERLRENFLR
HEFAR. ERM LIS E, "N Rt BRI H A BRMOER, RUBR P EN
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RN (R/A)

H2 THHARERFOEESHEEEL

REABREBLEE—SUSREREE. Bk, EREEIN, "N J#NRE
BE/>, 25 A 29 BN BERIRA, Mo+ RmiR %, °N BEtNBEEA N &
S3BURR/D 304 BRI 327 B, HHEA N B0 76% R182% 0 MK 8 RE, M R
Mk 47.2% R 36.5%, A4S IOMRERAR% 189 Fi 146 B3, MULEBRAREES
B 115 Z3EF0 181 B3 (AR 29% R 45%), Fl6 A 28 HNEF (LEX 19
EER26EE, SRAETEN 165% R1144% (SHEARBRN 48% R 6.5%)0 6 A
28 BLUS "N Rt B REA BN, Mm@kt b, h6 A 28 BF7 A 28 B,
REFE PR UN SRR RN 2 855, UM 6 A 28 HUUS, EESEEENBRKER
BRRDT.

(W) KEHESRNEE KB R EORI ARG hE 4 RE, R
iR ARG 11 KA, KRR 5N B5E 5 85— RAEN K BRI °N &
B—¥LL Fo B 21 REKBARRBIREN, £E ERFENRE L MRENT o
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REBREN, KBEHZOREIERSRENEL (X4, AREEEES 6 X
I, RIS R BRI — 28, R Tmg & T R AL E,

W AEHE HE 5 H A E 07 B B AR, KR AR BAES, BE, £EEEHN 11 XA,
FKAERUR N B B RIS IR T R R, R SR 2] 11—21 RE)(8E M 1)
M 11—41 RE(BHR I Do

ZRE AR BRI FEEEN, AR N &5 "N B2 518k "NH-N 5
“NH-N ZHAHSE, 7, W& 3 Tk 4 FritBax stk fadeamit. MSgmERER
FERISCE NG, 7£5 A 24 B 29 HEF, $3@th "NH-N/“NH-N ZH53580% 0.37 70
0.15, {HRZE L IEARETRULE "N &5 “N BRILLEARE 40 (M5 A 24 BE| 29 H
5 RPN, R EKTRIRI “N B G 1E 40 B, R N BHRA 10 B3, XEHREAK
BRI TES HIRI "NH-No B, KRR “N B4 °N St 8 E SR that @
BT KRR N &5 N B ENESR (B3). ME3RTTLUEE, 26 A 28
HKREAERERNBG, XMERBER /N BIEEKNER, KB “NH-N
AR a7 500 ZEIX DT L, MY BT ME S R M0 B oo AL, (BRI R N S M A BE R
fFlo FERERE/ERIRIIMN, RAERY NH-N BOKFRERKAHHBREE S "NH-N #iE, MmER
TRIERERBRENLGE,

() MEXLRBRTCHKBRELRBORHFED ARRLELES, THE
FICHBMERIITR 9o BRERWELERBHER, EMEE LB, REOKLIER
EbEiE. RENEAER T FRBRERMNRABLER. X5 HHRTRIERNK
WmRga X

FRER K ERU L BRF R ZEIER (R 1O SHARRI LMK ERRE B,
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%9 EEMLEEKYLOMRE(ESR N/H)

ot ] pin%: ] SH248 SA29H 6 A8 A 6 428H 7H28R
U % 78 52 — 39 —
p— UR 73 4 28 68 —
. UK 91 76 82 68 -
Ns & 101 71 — 131 —
SR U% 64 17 55 54 69
U 22 47 80 97 5

- BEREEN YN RN R(RS)BERRMES CK Xy “N RS REE M AR,

x10 FWENKERKEMENSRH;R(ERN/F)

ot | bk} 5 HA241 5H29H 6HA8H 6 52818 78284

U % 14 10 — 47 -
7 7 —

wnkrt | VR 20 12 1 5
UK 10 14. 22 34 —
Ns % 30 48 - 108 -
EEREL U % 14 17 45 50 61
UK —-17 —14 21 82 5

E: BECEARBRI N R(E DERENES CK KAKBRK “N RE &R

{EHE,ZEE@RLT b, NEREEREN, BRAE RN T —ERMEER, BX KERIK L
BMERNREFERADHRERH K

() BEEFARHPLMEAERKERNSR KBRENDEEYRER A 2L
R (&9, BEAREREY A TR LB ANERE? BX, ARG %
THEEARER. ERERER, LS L, BN KBRK T EARSRLERER,
M, KB RERERNRLEHERBAK, Bit, REZEFRABHT AFRL
B EABRESRENESR (R 1D, AR, RENEEEN, KRB AEH. R
BRI IA, AR KRR+ R R A E AR BN A BT A, I X AR
ERIBARBOARR, Bt , KBREN SRR EESDEMAT ARERER A Z
& (R 1D X 5K i AR & XN RIBEBR KRB 1%+ R AB R R B

®11 FEHLEEKARGEROER B RR(ZR N/G)

it A e 35 58248 5 A298 6§ AsH 6 A28R8
CK 4N 2 13 48 179
uN 2 6 — 176
U UN 4 21 — 16
ok 6 27 — 192
UN : 29 41 49 131
U i UN 10 27 97 3
AR 39 68 146 134

IE: RAIBIRRMM L EARR U R R EK TR .
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KB BHIRE R

€>) #ﬁsmﬁuﬁammianxﬁﬁnﬁmamm Yespd L4 3% 5 B
BRI, ROURETFHAMOCERA, ML S EBHERA/ N EDNER (Bray,
1954; Barber, 1962)0 Fe4) Mt MBI AME AR, (1) 5 B L M B0 28 AL
WENB TR QORARARAEERANERIRE. 30 MIMEA R SRR
T R ORBCHRGEEREZ—o B, EF LI SRR S, R T R4
B+ HREROT IR, hNFIRA KSR L MR R EG RN TR, AR
W, RATEBEGETHHBIRS, DUPT WM RR SRR AT, F—dRE
AR R 18

L 2P W B R+ bk AR A R AR B, 8 22 EDR K 33 ERME
HHEREEHEBASE &, SEE RS 3o 5 A 20 BZEEAN—WAhAERRA
B—R(10 NEEE), WERKR. 526 BX TR, B 25 EXLBNHBREEA
—32p JRAE R CLUR M B, IR 36 ELK), HBIR 6 B, B+ EMEET—X, REH
Ko 6 MEHE, P REMNHER, REEFAS P61.8 B30, BAHEE % 227.3 HUEBY
KH,PO, iA# 0.8 BT, HAT 2 X 36 EXRMKEES Lo BH 7P HIBEIHER/N, RAT
ATLUR 2 K B 35 43 th B S o B0 R VR SR AR 2P B, 08 07 75 b - 390 ch K AR 7 4o
BRI BB, X BB T M ER AR R FENER. B, ME4 X
B, EREEEN, WAL 8 KRR SRR RS R e, i B AR HARE , X R
i Rh L R R RO RE TR0 2 R R K o |

2. 1 *Rb MR B + b — S TR B, B TR E, RITAHE
SNH,", iR *Rb fE 0 H8RE Fo HkR: AMMEAR 22 EXK 25 BX.H 15 B
KETRBEHE 6 1, Oy 6 MNEF, EEN—NBEEBA—IME 55 EX. K238 &
KK 15 EXRMDRE, SNBARE 2 5MEN1E, 5 A 21 BEBARKE(s AN X
#), 5 H26 BEAETRE, EEDRE 8 B, BEBAKRE “Rb KN, 18 ¢ &
Ko MUK MUBIEE: WIREGET A Rb0.297 35 JATIREE % 0.5 £/ B RbCl A 0.4
BT, RTHNBRERKMN 2 X 3.5 EXNEE L. SRBEARSL:, 48T —
Ko BIFRABREZEDREN, KL, ARG _LH o 1 B AR E R “Rb B9 2 R
B, LU B %R0 ZER R LI B AR RS 5 PP AR MR, /s T iR+
iR AR S TR BN ER,

M 12,13 % F, S0+ KB AR MR ERLER L HREE, R EFUED

™12 KSR P BRI

®E 8B ol | W e P& (TR5) - t B
6 B3 BORIG 14 X, W R+ 0.038840.0067
6 Al HRE 2 R, £ MimsEL 0.2334-0.030 t=8.10%*
Pﬂﬁ&ﬁkﬂxbx&nmm) 13 Tk ' 0.0447 +0.0083 (to.o0 = 3.17)

* ZRPHER X1Se
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%13 KR “Ro 9B

WE B 48 +* - | i E#E5 “Rb B(R ) t i,
6 A18 A (M “Rb /S 23 i 72 4 0.061540.0073 t=2.14
X, BRI ETHE) WERTE L 0.04104-0. 0062 (tonos = 2.23)

BHOMER 245y,

R E R (G EEEETRE S % RBHEKME) o 1 AX M 2 R R T HEH B
o MFFLHRE, HREMNELIH—NEERE. HHRIFNTIN, THYTE
M, HAMRE LR BB T, RAGBRESBHHSIOREHBHBELEN,
ETTAF T RAR G RRIE D EOBE), MTT A R TR RBA IR TIH, ERX
B ITA0 1 b A RE A K IR SR A OMRIBCEE R, Bt L3 A HOAE I thRIT,
K RITF N &R ARARR R RGBT HAMAE ( pH) THEF A0 B
[RIAE , i ¥ % — B 9T

TERIEE FFRIBHERS, A RB PR LI 2~

L RHERUBR, + ORI “NH-N BB, RAKEIN “NHAN BRIF A
JGi, LT KA “NH-N FIR RS EAER, RERAREEERLHREGE,
RIA B RS RO BERBGER, 8+ KRR R ER PR E S,
B, 4 B 5 /K RSRT “NHL-N BRIt R+ F B — 22 (E 1o (B2, BEE K
BEKPOER, RAGREER ST A, Bk L0, KRR “NH-N g5 58 B
74T (i 1 BR, 5 6 A 28 B, KRR “N &5 “N St B ey E 8 E 80 %
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THE EFFECT OF FORMS AND METHODS OF PLACEMENT
OF NITROGEN FERTILIZER ON THE CHARACTERISTICS
OF THE NITROGEN SUPPLY IN PADDY SOILS

Zhu Zhao-liang, Chen Rong-ye, Xu Yong-fu,
Xu Yin-hua and Zhang Shao-lin

(Nanjing Institute of Soil Science, Academia Sinica)

Summary

The presént article deals with the patterns of soil N supply, the uptake of soil
and fertilizer N by rice plant and the fate of fertilizer N in relation to the forms and
methods of placement of N fertilizer in the paddy soils of Suchow District, Jiangsu
Province. Field experiment was carried out with “N-tracer technique. The soils used
for the experiment are developed from the alluvial-lacustrine deposits with a texture
of clay loam. The results obtained are summarized as follows:
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1. The characteristic of N supply of a paddy soil depends on both the minera-
lization of soil N and the uptake of the mineralized soil N by rice plant. The minerali-
zation rate in well-structured soil was much higher than that in poor-structured soil
during the growing period of early rice, though the difference between their total N
contents was insignificant. In addition, it was shown by auxiliary experiment of *P
that the rice roots extended much faster in the well-structured soil than in the poor-
structured soil. Therefore, the total uptake of soil N by rice plant as well as the growth
rate of rice plant grown in the well-structured soil during tillering stage were much
greater than that in the poor-structured soil. However, in the reproductive stage, the
uptake of soil N by rice plant grown on both soils was so effective that the mineraliza-
tion rate of soil N might become a factor limiting the uptake of soil N by the rice
plant.

2. The fate of fertilizer N was affected significantly by the forms and methods
of placement of the N-fertilizers. The results obtained in full-heading stage revealed
that when ammonium sulfate, urea and ammonium bicarbonate were broadcasted on
the surface of a neutral soil before transplantion, the N recovery by rice plant
amounted to 50.1, 27.5 and 24.0% and the N loss amounted to 28.5, 53.9 and 57.4%
respectively. Both the placement of urea at a depth of 6 cm and the application mixed
with the top soil of 6cm in depth increased the N recovery to 37—38%, whereas the
N loss was decreased to 40—43.5%. A much higher percentage of plant - recovery
(64.7%) was obtained when urea was top-dressed in the reproductive stage, but the
amount remained in soil was much less, and the amount of loss was no less than 30%.
The amount of plant recovery obtained by the application of prilled urea at a depth
of 6 cm was as high as 74.5%, while that of loss was only 13.1%. No obvious difference
in N recoveries by plants was found between the well-structured and poor-structured
soils, whether urea was broadcasted on soil surface or prilled and deeply applied.

3. Loss and immobilization of fertilizer N occured quickly after its surface
application. Eleven days after dressing, both processes attained or approximated to the
maximum. At that time, about 37—47% of applied N  was lost and 29-—45% was
immobilized. 14—22% of the immobilized N was remineralized during the growing
period of early rice.

4. At the tillering stage of rice plant, the absorption rate of fertilizer N either
applied on soil surface or mixed with top soil as basal dressing was much higher than
that of soil N. This shows that fertilizer N contributed more to N supplying intensity
and the promotion of plant growth than soil N in the early growing stage of rice plant.
In addition, the absorption rates varied considerably with methods of application. For
example, most part of fertilizer N applied on the soil surface or mixed with the top
soil before transplanting was absorbed by rice plant within the first 20 days after
dressing, whereas the peak of N uptake of prilled urea by rice plant was delayed to
the period of 11—21 days (well-structured soil) or 11—41 days (poor-structured soil)
after dressing. The diffences metioned above may perhaps be due to the differences in
distribution patterns between soil-derived NH.N and fertilizer NHN, and that
among various methods of application. Moreover, there was no difference between the
rates of fertilizer N absorbed by rice plant grown in the well-structured and the poor-
structured soils when urea was surface applied, whereas the apparent delay was found
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in the absorption of fertilizer N from prilled urea deeply applied in the poor-strue-
tured soil. This may be interpreted by the much higher rates of root growth and
hydrolysis of prilled urea in the well-structured soil.

5. It is concluded that good soil structure is favorable to the uptake of N by rice
plant and hence its growth in the early growing stage, which may benefit the high
yield of early rice. In order to promote the uptake of N and the growth of rice plant
in its early stage, N fertilizer should be placed near the root system of rice seedlings
at the time of transplanting, and this is of most importance for the poor-structured
soil.



