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Table 1 Effect of Cu fertilizer on yield mcrgacé of rice

LTwxm ﬁ&l:’:atr??}éﬁ H & REAR Yie{: (kg/lmu) Yieﬁ inc::ue
Type of soil ::ti:ﬁl ‘IField No.| Locality oK C.u rg/mo %
TERRES 1 BE% 140 198 58 41,4*
TERRE# 2 Ep= 151 ‘181 30 19.9*
ERRKE 3 M5 241 291 50 " 20.8*
AAMAABL | ERAKE 4 M % 277 318 41 14.8 -
, ERRNKA 5 HES 304 346 42 13.8*
UhERH) ERREA 6 ;= 209 263 ‘54 5.8
) ERRKE 7 BE S 531 575 44 .8.3%
ERRES 8 . RS 270 302 32 . 11.9*
ERAkE 9 R % 384 402 18 4.7
ERRE&ES 10 BES 364 392 . 28 7.7
Ry 11 BEHE 521 531 10 1.9
ERMmAKREL Fipy | 12 B 419 410 -9 —2.2
. R RY 13 =R % 509 525 16 3.1
ChERE) HHh Ry 14 Y 452 469 17 3.8
ERNEKE 15 ' EHY 560 589 29 5.2
TRk S 16 W% 138 190 52 37.7
R 17 EMS 488 537 49 10.0
FABRAARL TERINESH 18 BH% 436 487 51 1.7
. ERREE 19 Py ¥ 334 362 28 8.4
(S Eeii) TERINKE 20 438 4 325 358 33 10.2
EXNRkSE 21 %30 % 378 410 32 8.5

T = o

* E5% DEF .
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Table 2 Effct of Cu fertilizer on growth of rice seedings

, BN
| wnm | Posrm | mran (UDTEEEN
st EogiV] H 5 & = (cm) ® (cm?) Chlorophyll
Type of soil Fieid No. Tteatment |Average plant|Average plantl Top leaf con[c“pt §
hight weigh area top lea?
CK 55.4 0.69 11.5 0.254
1
AALEFAK Cu 73.8 1.43 17.1 0.276
AB+ CK 46.0 0.54 11.7 0.204
2
Cu 50.7 0.80 13.0 0.247
CK 50.7 0.62 11.6 0,229
. ¥
Cu 62.3 h 1.12 15.1 0.262
(%), ‘ 22.9 80.6 30.2 14.4
,‘i_” V CK 27.3 -_ . 9.4 0 264
’ 11
KA Cu 28.4 - 10.5 u.261
CK 39.6 - 12.2 -
A+ 0
Cu 39.3 - 13.6 -
' CK 33.5 —_ 10.8 -
¥ o1y A ¢ :
. - . Cu 33.9 - 12.1 -
W m (%) 1.2 - 12,0 -
. ) ‘
| CHE

L BREEHE AR AR, RS 0.1 ATRERS, fELRLR 0S5 A
Fro HREHPHM 45 ATEATE, SERE 9 THAKS, RESF AR HREE,

WX AKBOERAETERIEREER, MM TFRREEESER, KBS RSN
MEBEHERINTE 2. ERBASRBEENAATKE L, KAFBRERSEHY
I 22.9% » P B ERRT E N 80.6 % , TAM-E B, H G RS BIHA MM, ERFEFRKAL,
PR EBMmMIN, KR RAH R REBILPEER. KABUKE PR b S 258
108%,. SHRNBCFSMMS5.7%, TREPHRE 4.0%, SERNEHRDL 141% (&
3o RILPTLINGRIBRE R ERY MNTHLHROER

A THRHEREZM, T8 SREAD, M BXEASHRFASHBORBRE (AR

 HERR),FREAMTHAR, B RRX f AR A X BB AENSE , R

%J"Ffﬁo

(S AR LB RG

L EiRch SR, M LR, BebE R LT 0.1mol HCI
B ERE L WRA TR 0L T DTPA BRIRE (& 4o & - HHERIFRER
WHEAARE 10 SR TRAVIERS R (0.1 mol HCl SREFTISR & &
2.0ppn, DTPA MRS 0.200m, SEATRH), HAABAKRLAH R
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Table 3 Effect of Cu fertilizer on growth of rice
m e F b B#% (cm) SHEEN SWR(%) FRE() .
_ . . Empty shrunken| Thousand grain
Field No. Treatment Plant hight Grain/ear grain weight
CK 75.2 62.6 25.6 . 23,5
1
Cu 86.6 75.9 20.1 24.8
CK 58.8 77.6 27.0 20.8
2
Cu 64.3 79.8 22,5 22.4
CK 69.1 86.7 31.2 24,6
3
Cu 76.0 91.6 31.0 24.8
CK 87.0 88.9 i8.5 21.8
8
Cu 94.3 86.8 14.5 22,5
CK 72.5 79.0 25.6 22.7
E oy
Cu 80.3 83.5 22,0 23.6
M mo) 10.8 5.7 —14.1 4.0
x4 ARALMHASENHER
Table 4 Content of available Cu and Fe in soil of trial-fields
S E3id BUE | HEE (ppm) wHEM=(%)
" 5 (%) Cu content | DTPA-Fe Lo
Type ot . pH Organic Fe/Cu* | Yield increase by
soil Field No. matter | 0. imol DTPA (ppm) Cu fertilizer
HC!
1 5.6 4,73 2.80 0.95 353 372 4].4
2 5.3 4.00 3.50 1.50 333 R22 19.9
KALBK 3 5.3 3.44 3.70 1.27 281 221 20.8
4 5.6 3.4 3.25 1.26 31 247 14,8
KEt 5 5.4 2.59 3.05 1.33 305 229 13.8
16 4.9 5.77 5.10 1.11 318 286 37.7
pr3 o] 3.99 3.57 1.24 317 263
! 10 5.3 2.33 1.50 0.88 128 145 7.7
11 5.6 2.44 5.01 2.41 262 109 1.9
KABK 12 5.3 | 3.38 | 5.5 | 3.20 | 227 7 -2.2-
13 5.8 3.40 6.50 2.81 232 83 3.2
KBEL “ 5.6 | 2.56 | 6.25 | 2.74 | 324 118 3.8
17 5.2 2.58 2.30 1,03 195 189 10.0
h173 o) 2.78 4,55 2.18 228 119
31 6.9 3.03 . 1.64 31 19 — 1.7
BRI BA 370
32 6.8 2.51 6.06 3.10 4] 13 -2,1
K¥L 33 7.0 | 2.53 | s.20 | 2.88 21 7 —-0.7
b3 5] 2.69 5.99 2.54 31 13

* DTPA Haiti.
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Fig. 1 Correlation between the available Cu Fig. 2 Critical content of copper
extracted with DTPA and percentage of yield of soil as extracted with DTPA
increase by Cu fertilization solution

NEHEENHEBRTRMAXEL (P <0.03), HE-_HERFRRYERASREH
RN EREFEKRIA, M 0.1mol HCl RER ,HX R r = —0.4770,/7 DTPA &
BEBAS, r = —0.7023** (E 1), ALMARRESRMT 1.5ppm 191 HHEHFERLS
AR R (B 2), B, DTPA BEBEOHAEEEBERBER, =TRARKEY
BA L MBI P BR G, REXFE L. HATLL 0.2ppm BB AT MR R EREFTS
DAY, 3 B R4S BT & 09, A BK LR R 2T iR A TAEATIR HAY 1.5ppm A]
R 98K 1 AT TR B

2ABBEHER: ERFEAKNIBE, KEERITHOFE, LEKTNERE
Z—o H4TIMMNB%KERY DTPA BEERMNAERELE, HaRE=LTHEAEH
EAER, RAYRBKIKB LR KPEKKRELA 1.4 5 (P <0.05), B R BEKKE
18910 5o —BINGKBLP TS RET 100ppn(H£H LAY 300ppm) L LR, KBE
REAFEC,RATIEN 15 MK HE R, DTPA BHEBEROF YA 300ppm DL EAYIR
BEHF 6N EH40%, FARDH 832 NABRHEERAERAHEFER, ARSIELR
R FAIRMR AT, — W BELEARX, r = 0.6635%*,

3 BALB R A BUKEHEHRAI KRR 1, 8 TREFRE, RART KB E K. X TH
BAATKBIBOKAK B LWELE RE R, X7 RAKE TARS RN e X
EHERRAL,FTHR 5,mRTM, %KL 10cm 48 Eh EHEEFXER, AAKFKAL
KB EEBME 79mV (P <0.01), 4 RAAKBUKEBILE 100mV YT, F—HH
10cm 5 15cm %89 Eh EEHEEMK. % T HARK EHRRA Eb f#, HEANR
BHLNRFREMAZENLRE Eh B LE3),ER 1, 2 5SCRAKBKE) LIRER
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Table 5 Redox potential of soils of the trail fields
! Eh (mV)
S 3 H s Depth (cm)
Type of soils Field No. - -
10 15
P 5 90 | 94
3 78 67
AABAARL . . "
S 59 57
£ B 71 64
L E 117 104
KmAKBL S 12 105 104
13 227 190
S . 150 147

# 1A AR Eb EHHBBUKIKBELESR 35—90mV, #E Eh @ FRaEESEX
AREBA KB L HABBAKELER (B 3)o SRR EANRISREDRHH
| | %o EHLBERRS T, TBL 2L CuS,
| - T S A R

LEIURER: EREBAMAE L
th, A LR 18, & RS, T RERI 0
HREERALW. . 15 RARANEIE
SRETHEE (K 4), KARBKKBLL
CREBOOKIBAR 4% (P <005), MR
H, AALBKARLOEEASRILER
A RBIBACKELR—% (P < 0.05), B8
%4 RAOH HUR T e R A6 B9 B 2
— THENRES R SHYASRANBR

600

500

Fh (mv:) :

300

200}

00— e 3 %, KRR, ZF A BAHEE (=
Days menecged | —0.3599), Rt H2% RAE /Mo
B 1.2 HAARKAREL 10 HEMBRAK (2) B.&X%
B33 HTEMAKBE. - B ER S RER, KAKK
A3 RF¥LBEER Eb & AABLHEEMABLIERSEARE, AX

Fig. 3 The Eh chinge siter swbmergence  gy.p i e o S 3000 1 S0 0 22
A& R4y B IE W E MM, Dokiya %(1968)7E7 ks IES , S & BIMMAL BN
KBB4 X AR & H AR AT S IR LN/ E, RBENEF &S BBR
#5,3 Fe/Cu thflize 125 Pl L,/ Fe/Cu Bl 7E 100 Pl TR LERA Rk AT A LN
MR AEN, KEHRRAFEEEYER DT BREREE, ERGRBKLN
AR KRB Kok A R B % TRIER—% R, IR 8 Bk F A RS R R R A4 2%
&% Fe/Cu LLEMFTHE(H 6), M 5% 4 hHIWH KEH Sa#E Fo/cu i
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Table 6 Content of Cu and Fe in rice plamt.

N REASE (ppm) KSR (ppm)
+MAET H B Content of check plant Contenc (;)fla(:i:] treatment
Type of soils Field No.
Cu Fe Fe/Cu Cu Fe Fe/Cu
AABMK 1 2.30 1904 827 3.38 962 285
KBt ©2 2.22 878 - 365 - - —
B 2.26 1391 596 - - -
Emmk 11 3.65 612 168 6.70 526 79
12 5.06 292 58 6.50 263 40
KL 10 4.89 491 100 - — -
2 B 4.53 465 109 - - —
HEBMA .8t 6.06 364, 60 R - -
32 6.08 . 298 49 - - —
ABE 33 7.17 332 46 - - -
¥ 5] 6.44 331 52 — — —
b —
a0} y=1784-232.5% ¥=0.1189x— 7,258
r=-0.7725*° .
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Fig. 4 Correlation between the content
of Cu and Fe in rice plant
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Fig. 5 Con‘clntion between the available
Fe/Cu in soil and percentage of yield in-
crease of rice treated with Cu

% 6 BTR>1.2 Sk RSB K BRABEK S FERME, /0 2.22 K 2.23ppm; Tid
BEBABR, 2 5H% 878ppm, | SHERE 1904ppm, —BINNKFER BRI ¥ & 4
& < 6ppm Bf, WAFMRB AL, KBIBEYH ek &ML 300ppm AL 952 2
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Table 7 Correlation between the content of Cu, Fe in rice plant
and available Cu Fe in soil

HERT BERK ()
Correlstion factor Correlation coefficients
KBHEKEI RSN REIR 0.5613
KEEGEIRSTINARGAR 0.7294%¢
ABE¥E Fe/Cu 5+Mf M Fe/Cu 0.5470%**

BEY, AARBUKE LA ROKBEFEEFORIAR, AR X2 %0EE, MK
BARERER, B4+ RP,BIAEBENELRAMARX (r = —0.7725*), BRES.H
EREREKBEKRENNRE. BXR7 TR, TWARFASRSHEKSFERNT NS
BEEREERSGRBMVEERX; fLMA Fe/Cu LLESHEB Fe/Cu LA EHF
BIEMRX (r = 0.9470), XEB, KR, SORBELMPHE., SHOFTERE
2, XR&K FANSEBLEMI B~ TRORK, StFEK, LR Fo/Cu LESHEE
HPNBELBHEREENERX (r = 0.9308) (H5), L MARKRANSRSHE
FREESBRRE F i BN 5% i, ME 5 @ H5E, A WK Fe/Cu luld
B 103, 15 MAK LR Fe/Cu thiE > 103 09F 104, WHEH 80% -HUAM
o HID Fe/Cu LLEMREIM K UKH(E 6), W AR Fe/Cu L7 120 DL LAY 14
PR, 5 LENLERER. & 5 KBEEKRPH Fo/Cu WESHERM MR OERT
BIEAER (r = 0.9801) (B 7),KR3E# Fe/Cu Lh{ 5B AR/ EH BRI R A
KRBHEE Fe/Cu LL{E < 100 /4 SR A FAE TP R0

ESh FERE B RSN EE . R R, ZRIARABAGAKEER S ARES,

40 y=0,0557x—3.625

r=0.98p1%***
400}- B v~ 30}-
[ 7w % g
300} g 3w
. % 2y 20
g 200 % V%ZZZ gg [
% //%, %7 g
e ?/%%éé¢ S wf
Fe/Cu i .08 ’%%Zézz
to0F 3 »
777
2% 7 7R
333231121311141017 3 2 54 168 1 200 400 600 800
H%  Field No, Pglgﬁ‘ (Fe/Cu)
K6 MELE Fe/Co BEHRIEME H7 KBEKE Fo/Cu S5HFEM~EENXA
Fig. 6 Critical level of available Fig. 7 Correlation between the Fe/Cu in rice
"Fe/Cu in soil plant and percentage of yield increase of rice

treatment with Cu
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EHBRMEM, Fo/Cu WEAARREEIIYM, MW ESHNNRE,
SERR, BT FNRRXAR, KARBKEKBRKKBL L, ALEHEK
ﬁ\ﬁﬁiﬁ’ﬂ‘tbﬁ,Eiﬁﬁﬁﬁqﬂ%ﬁ‘%ﬁ‘%ﬁﬁ@tt{é,ttiiﬂifﬁﬁﬁiﬁﬁﬁﬁﬁ%i%ﬂzfﬂﬁﬂﬁﬁ
HERLR UL » A LR Lo |
$ *% X W
(1) PEHLRFOIRVAPZELERAL,1983; TRV ZBRIFT TR 137151 T HIRMH.
(2] hERYHERTMERREFTREE, 1984 RV HrRBTRe 238—240 JL Rk Rt
131 ®mwiR,1983; HYEETENIMLE. 376 378 TL,HEMRME.
(4] MER,1984: AFERAXERBTRBESTEN—LFRWE. LNEER, ¥ 48,1922,
{ 5] Surajit K. De Datta, 1981: Principles and Practices of Rice Production 350—360 John Wiley &
Sons, New Yoik.
{6] Dokiya, Y. N. Owsa and S. Mitsui, 1968: Manganese and Copper adsorption by Plants. Ill. Inte-

raction between Fe. Mn and Cu on the absorption of elements by rice and berley Seedings. So-
il. Sci.’ Plant Nutr.,14: 169 - i74.
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COPPER STATUS OF PERMANANTLY WATERLOGGING AND
LONG-TERMED WATERLOGGING PADDY SOILS AND
RESPONSE OF RICE TO COPPER FERTILIZER

Xu Junxiang

(Inssitute of Soil Science, Academia Sinica, Nanjing)

Dong Wenrui

(Jingde Agriculiural Bureaw, Anhwei Province)

Summary

Response of paddy rice to copper fertilizer in permanantly waterlogging and long-termed
waterlogging paddy soils in hilly region of southern part of Anhwei Province is discussed in
this paper. 67% of the field experiments showed response to copper fertilizer, with yield incre-
ase of 5.2—41.4% (45 kg/mu on average); while 89% of the field experiments conducted in per-
manantly waterlogging paddy soils was responsive to copper fertilizer.

The available copper of permanantly waterlogging paddy soils extracted with DTPA solu-
tion was 1.24 ppm on average; available iron extracted withy the same solution was 317 ppm on
average. In these soils the organic matter content averaged 3.99% and Eh 71 mV. It indicates
that the available copper and Eh are lower, while available iron and .organic matter are higher
than those in long-termed waterlogging paddy soils and ameliorated paddy soil.

Plant and soil analysis revealed the antagonism between copper and iron. Iron and cop-
per contents of the rice plants indicated that there existed a significant negative correlation bet-
ween these two elements (r= —0.7725). The ratio of available Fe/Cu of soils was highly cor-
related with the ratio of Fe/Cu of rice plant (r=0.9470). In the meantime, both the ratio of
available Fe/Cu of paddy soils and the ratio of Fe/Cu in rice plants were highly correlated
with yield increase caused by application of copper fertilizer with the correlation coeffecients of
0.9308 and 0.9801 respectively, i.e. the ratio of Fe/Cu in plant was affected by the ratio of
available Fe/Cu in soil. Paddy rice was responsive to copper fertilizer in waterlogging paddy
soils, as available copper was less than 1.5 ppm, or the ratio of available Fe/Cu of soil was hig-
her than 120.

Copper fertilization is proved to be beneficial to both growth and yield of paddy rice in the
condition mentioned above. It can improve copper supply and iron toxicity in waterlogging
paddy soils, and increase rice yield.



