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Influences of the compound effects between nitrogen and zinc on
growth, N-fixation and transfer of fixed nitrogen of white clover in

mixed culture

HUA Luo'*, HE Zhong-Jun?, WEI Dong-Pu?’, CHEN Shi-Bao®’, BAI Ling-Yu® (1.
Department of Geography, Capital Normal University, Beijing 100037, China; 2. Institute for Application of Atomuc
Energy., Chinese Academy of Agricultural Science, Beijing 100094 ,China;3. Soil and Fertilizer Institute of Resource and
Environmental College. Narthwestern Agro-forestry Sci-Tech University Yangling. Shaanxi, 712100, China). Acta
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Abstract; The area of pasture in the southern China is about 60 million hectare, which is an important
husbandry base in China. The experimental soil is collected from Bailihuang demonstration pasture in
Yichang county, Hubei Province of China , typical subtropical middle mountain pasture of the southern

China. The soil type is yellow brown earth and deficient in nitrogen, phosphorus and zinc, therefore the

application of nitrogen, phosphorus and zinc is an important measurement in increasing output and quality
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of herbage. The large amount of phosphorus application results in the fixation of zinc. There are more
researches on the relationship between P and Zn, but in fact short of the studies of the relationship
between N and Zn. The influences of the compound effects between nitrogen and zinc on growth, nodules
N-fixation and transfer of fixed nitrogen by white clover to ryegrass in mixed culture are studied in this
paper. This study will provide guidance for fertilization of the pasture in the southern China.

The tests contained two factors and four levers, adopted 4 X 4 complete design by pot experiments.
The levels of nitrogen (**N-(NH,),;S0,) were 0, 30, 90, 150mg/kg (*’N abundance was 5.00%). The
levels zinc (ZnSQ),) were 0, 6, 20, 40 mg/kg . In the whole growth period. two harvests were made. The
first harvest was in thriving growth stage and the second harvest was in the beginning of the winter. The
experiment contained two series of ryegrass in mono-culture and ryegrass-white clover in mixture. There
were 20 plants in each pot and the ratio of ryegrass to clover was 4 to 1. The mono-culture of ryegrass was
used as a control for calculation of nitrogen fixation and transfer of fixed nitrogen by white clover to
ryegrass in mixture.

The main results showed as follows: The influences of the compound effects between nitrogen and
zinc on growth, nodule development., N-fixation and N-transfer of white clover had different effects on
various growth stages of white clover and various ranges of applied nitrogen and zinc. The synergism
between nitrogen and zinc on the growth of shoot and root was in the range of different combination
applied 0~ 30 mg/kg N and 0~ 6 mg/kg Zn in the first growth stage. and enlarged to the range of
different combination of applied 0~ 90 mg/kg N and 0~ 20mg/kg Zn in the late growth stage. For higher
guantities of applied nitrogen and zinc than above range. there were antagonism effects between nitrogen
and zinc on the growth of white clover. In comparison with no applied nitrogen. the application of nitrogen
significantly decreased the percentage of nitrogen fixation in the early growth stage and the number of
nodules in both growth stages. but suitable amount of applied nitrogen (30mg/kg) significantly increased
the percentage of nitrogen fixation in the late growth stage and the fresh weight of nodules per plant in
hoth growth stages. In all treatments with applied nitrogen, zinc applied 6mg/kg significantly increased
the number of nodules as well as the percentage of nitrogen fixation. In comparison with the synergism
range between nitrogen and zinc on shoot and root growth, the range of synergism effects between
nitrogen and zinc on nodule development narrowed down. There was close relationship between the
transfer of fixed nitrogen by white clover to ryegrass and the declination of nodules,
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EEABESERSEO=H4EK BRAREXEEENER,
1 MBI H&

ARBRTF 200 FEPHABEREFEARTEARENE#T. #iltHRAMIELEHEBEEER
TR TE B0 O TE $H o 0 0L oL i B AR O BE PR AR 3 . pH5. 48, A HLIE 0. 95% ., B R M 128. Img/kg, B
B (Olsen-PY1. 79mg/kg . M AUH 85. 5mg/kg B (HC-Zn) 2. 4Tmg/kg. MERBEHEE 0~10em 2 1
M AFER., ZRBHEESLBEE (Lolium perenne L. YFIH = (T'rifoium repens L. )IB{& R # .

ARZRBRRHZBERI4IKFRZLET . K 164N 0HB EHE 3R, "NAILEBLEIHARLHY
(*NH);SO,,. EE R 5.00% . "N FHEDH K 0,30,90.150mg/kg, Zn FHR X 0,6,20.40 mg/kg (5 oE
ZnSO, « 7TH,0), B&¥ 1 5. Okg, Ll 60mg/kg P.75mg/kg K fEJEAE . THERpTHA LR, A= FMH
Trifolium repen L. 4 H 28 H¥&M.5 H 6 B H.8 H20 HH . BEERMI Barmultra, 7 A 7 A3
H.7A BHUBA=ZHAREEGHASHIERIHNFRERER#E. 2 BREFRABARER-A=
HESENH UREFREJFLBEEIARO=HEELO=HEAEY I REREEHXBENERLH. &
BETH 20K . BERSO=HRBELA N4 1. BB THEFHULEFRKERIE, 2K EE4 K-
9 H 20 H,W3EW 11 B 13 HOWEK,

Emait+ EF RKEER HENERKXES MAT25DBE N £F. AN ELRXKRE
EHRASHEERNESE YR (BREARBRAO=SHEEH R E X,

2 #HM5itie
2.1 MEEAERAaEN TEHE R

1R\ AHEANAEBSLEARRKUKIH“REFHAOE WS, UH 20mg/kg 203, B
30mg/kg AL TEM RS, NEEAFEGETLIEN JEH 0~90mg/kg AL HEMN =8 5 ¥ 5 T X 150mg/
kg BIALTE, LIHi % 30mg/kg ML B> BB B . FEH 6~20mg/keg R X H =R B % B T8 Omg/kg M
40mg/kg MIALBE . 55 NoZn, AL BA 55 1 IWIRAKTEHI K 0~ 30mg/kg 54 0~ 20mg/kg WARA G+,
%2 WBAKTE B 0~90mg/kg 54 0~ 20mg/keg A R 4H & 5 BB P9 . 08 458 0 B X 25 - 7= B 3% 30 O B [
N . TEMWEBES .3 /T LR E Ko, 8 6mg/kg %28 7= B 2 38 % B B 3B .

21 NHZInAEAXENA=ZHEH~RAER g/

Table 1 Effect of various levels of N and Zn on dry weight of stem and leaf of white clover

e 3k B X8 N 7K R Zn K¥ Zn levels(mg/kg) N ¥ 14§ (mg/kg)
(Growth stage N levels(mg/kg) 0 6 20 40 N level average

SH20H 0 4. 07 6. 27 6. 88 3.73 5. 24
Sept . 20,2000 30 6. 92 6. 13 6. 23 o 15 6. 13
90 3. 37 B. 05 5. 87 5. 53 5. 17
150 3. 69 4. 67 4. 34 3. 23 3. 88

Zn ¥ HI{H Zn level average 4. 49 5. 76 5. 79 4.42
11 A 13 H 0 7. 62 11. 61 12. 31 8.72 10. 07
Nov . 13,2000 30 10. 79 8. 56 12. 21 8. 36 10. 28
90 9. 92 12. 02 8. 12 7. 93 9. 54
150 7. 46 742 7. 32 6. 53 7. 16

Zn B {H Zn level average 8. 97 10. 14 10. 04 7. 90

Duncan's IR BB NN Zn K LEHBEBENXZIn ¥ EERAERB FH(P=0.05),9 A 20 HILHKE R AN K
F(0.83). Zn K (0. 83),NXZn(1.83) 11 A 13 BWIRE R N K1, 12).Zn KF(1.12),.NXZn(2.47). S.S.R.
( P=0. 05)For differences among means of N and Zn levels and N X Zn interactions were N(0.83).Zn(0.83),N X Zn

(1. 83)at harvest on Sept. 20 and N(1.12),Zn(1. 12) ,NXZn(2. 47) at harvest on Nov. 13

F2HEW MBI E 1 KWK LR 30mg/kg SLEFREBE . B 2 KEKLIA 90mg/kg &
AR HAREE 150mg/kg Bt REEXE TR, RSO ERIUKSLL 20mg/kg 2 BHERE A
XB AT FHET LR R EES 1 KRS, & 30mg/kg B B B X R TR UM ML 50 2 il
e, FEHE A 0~90myg/kg BN, AR EERA K SHA 150mg/kg N, REBHF T M. PR KWHHF
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& B L 4T 6~ 20mg kg (LR E B X & T HE4E 0 f 40mg/kg #94LH . EFE B 0~30mg/ke SHE
42 0~ 20mg kg IR FE AP BB ALME ST 15 R0 U RO L D RSP ACHE R E N T B =M R TR RS
¥ 90mg kg 5 Hi5¥ 6mg/kg B A AT ME R IR B E B F BN MM R K 150mg/kg A ERITRE LB F
AL

N2 NHZn ARAREHA=ZHREOEM(g/ &)

Table 2 Effect of various levels of N and Zn on dry weight of root of white clover

¥ 3k A %A N K ¥ F #1{& Zn K ¥ Zn levels (mg/kg) N FHI{H (mg/kg)
Date N levels (mg/kg) 0 6 20 40 N level average
98 208 0 1. 035 1. 281 1. 570 1. 103 1. 252
Sept. 20.2000 30 1. 550 1. 584 1. 50% 1. 344 1. 634
90 (. 736 1. 165 1. 744 1. 318 1. 240
150 0. B&Y 1. 117 1. 078 1. 104 1. 045
Zn ¥l Zn level average 1. 050 1. 311 1. 587 1.218
11 HI13H 0 1. 753 2. 922 3.292 2. 607 2. 643
Nov. 13 2001 30 2. 676 2. 574 2.732 2. 151 2. 527
90 2. 706 3. 220 2. 389 2. 065 2. 593
150 2. 079 1. 936 1. 991 2. 177 2. 046
Zn 151l Zn level average 2. 306 2. 662 2.613 2. 251

Duncan’s IR ERMB N Zn KERBEENXZIn X EAHEREEH (P=0.05,9 A 20 HEHEE RN N K
F1(0.234).Zn K F(0. 234) NXZn(0.537) 11 A 13 HIRFELER A N KF (0. 374)Zn K F0.374),NXZn(0. 8265, S,
S. R. ( P=0. 05)For differences among means of N and Zn levels and N X Zn interactions were N(0. 234),Zn(0. 234}, N X

Zn{0. 537 Yat harvest on Sept. 20 and N(0. 374),Zn(0. 374} . N X Zn(2. 47} at harvest on Nov. 13

2.2 AHESGHEAMAZHREMABRERNER

RIFEWN.F 1R LHEECERMER RN S R E 2 WHER . ER R 0~ 9%0mg/
kg ER, EEMEEEKBEE AR ®, YK 150mg/kg B IRB R B XK, HOHEEBERME TR
A =0 R R AR B A KT RS R R O IR R R R BRI RE. 5 1 R
LI B 4Y 6mg/ kg, 5 2 UK UL BB 20mg/ke MY AL SRRV OB B L PESE A RO ROR BB EET
M. A KFFEaT LA S M0 T AR RO 58 1 DOl R B #F 6mg/kg BB RE BH .
B 40mg/kg B EME T HRBEE KR ER X 0~ 30mg/kg S 0~ 6mg/kg I B Y , 2 #FACHE XY
AR T 2 T O D IR) 580 . 24 3B T 30mg kg Bl B B F 6mg ke B KB AN RE A R L XURE RO HE X7 RR SR
RERFEHN. EBREEORHELEE 2 KEERBENEEFRTH | YObiR 0 A IES 4 K03

FB2WEE . ATREBECRNAB TRERREERAR.
23 NMZnFAXENA=ZHERRAMEBOEME

Table 3 Effect of various levels of N and Zn on number of nodules per plant of white clover

i 15 B 4 N 7K ¥ Zn K Zn levels (mg/kg) N E#{H (mg/kg)
Stage of growth N level (mg/kg? 0 6 20 A0 N level mean
9H 208 0 143. 60 240, 80 178. 89 122. 00 171. 61
Sept. 20 2000 30 90. 46 151. 92 1430, 60 69.73 103. 39

g0 101. 51 Q7. 47 73. 87 414. 16 79.19
150 27.10 70. 31 40. 58 19. 47 39. 40

Zn ¥ ¥ {A Zn level average 9. 70 139. 83 98. 70 6£3. 71
i1 H 13 H 0 90. 58 99. 87 106. 79 84. 67 §5. 32
Novem. 13 2000 30 67. 14 77.44 69. 69 43-. 83 64. 51
a¢ 86. 31 71. 93 52. 67 418. 47 64. 95
150 29. 91 18. 5% 16.13 13. 48 19. 66

Zn ¥ 3Y{H Zn level average  68. 28 66. 92 61. 33 47.53

Duncan's FiEREMBENMZn K P EHEENZn FEEAERDEEH(P=0.05),9 A 20 AEE R AN XK
¥ (13.23),Zn K F(13.23),NXZn(28. 1) 11 A 13 BWHELER I N AKF(3.74),Zn KF(3.74),N xZn(8.26). 8. 8.
R. (P=0. 05)For ditferences among means of N and Zn levels and N XZn interactions were N(13.23,Zn(13. 23),NXZn

(29. 27)at harvest on Sept. 20 and N(3. 74),Zn{(3. 74) . N X Zn(8. 26} at harvest on Nov. 13.

X
P
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* 4 FW . FREHKPHILAEE omg/kg MERKRAREBER THREMALHE.H 1 WKEHEU
B4 6meg/kg 8B 2 IR LA BAME 4% 20mg/kg WAL BRBEMERR. B 1 KREKBEFKFEHEUR
Omg/kg . ¥¥ 6mg/kg AEFE . 5 2 WK K DL & 0~ 30mg/kg . §¥ 6~ 20mg/kg R BERREREERTHEX
K, 8 1 Wil Hkat . 2 M X 30mg/kg . i 4F 6mg/kg B HE ST B TE UPEI OB, HHE R KT 30mg/kg SHE
BT 6mg/kg HARFHESH BB R GFEEETUAL. B 2 KEWKERE 0~30mg/kg 5HEH 0~ 20mg/
kg MARALSHEREEDERN, SHE X T 30mg/kg SHHEKT 20mg/kg WARRHEEG . B2
FrEERSN., KEAMBEERN, F1RXKKEHEES LA BB ER NoZn, . NoZns . NeZng,
NoZneo 4y 81 3% 1.183.1.562. 1. 440, 1. 170mg. i NioZno. Ny Zng. Nso Zngg Ny Znyo 23 #1  1. 928, 2. 182,
1. 340.1. 117mg, N3oZno. Nso Zns 2 FE AR 9% B & F NoZno. NoZns 4 . B NyoZngeNypZno &b B F
NoZnzo NoZno b 38, S ER M ENEA R THARBER . LRABBRE/N XBR T ERIHE, RHR
TR . TERESY 20~40mg/kg WHAAEEME T HREE KO AR SN A KFT XSRS . B
RAEENGHEFEANNREOREEBAER.

%4 NRZn FRAKFERAIHAHANEENER

Table 4 Effect of various levels of N and Zn on fresh weight of nodules per plant of white clover

i 3k it %5 N K F Zn K ¥ Zn levels (mg/kg) N 3Bl (mg/kg)
Growth stage N level {(mg/kg) 0 8 20 40 N level mean

9 A 20H 0 (0. 1699 0. 3757 0. 2576 0.1427 0. 2356
Sept. 20,2000 30 0. 1744 0. 3315 {. 1348 0. 06779 0. 1795
g0 0.1035 0.1294 0.0717 0. 0407 0. 0862
150 (0. 0155 0. 0468 0. 0216 0.0116 0. 0238

Zn EH{E N level mean 0. 1157 0. 2202 0.1211 0. 0679
11 13 H 0 0.1132 0.1741 0. 1927 0. 1383 0.1542
Nov. 13,2000 30 0. 1434 0.1717 0. 1563 0. 0B75 0. 1424
g0 0. 1076 0.1144 0. 0812 0. 0634 0. 0913
150 0. 0340 0.0135 0. 009] . 082 0. 0163

Zn V¥l Zn level mean 0. 0944 0.1216 0. 1104 0. 0743

Duncan's BiN IR EMB N Zn KL EHER NXIn T EH LR ¥HE(P=0.05,9 A 20 HEREGE B AN XK
F(0.027) Zn K F (0.027), N X Zn(0.060)> 11 H 13 HM LR B N K ¥ (0.0128),Zn 5K ¥ (0. 0128), N * Zn
(0.0281). 5. 5. R. (P=0. 05)For differences among means of N and Zn levels and N XZn interactions were N(0. 027),Zn
(0. 027, NXZn(0. 060)at harvest on Sept. 20 and N(0. 0128),Zn{(0.0128) ,N X Zn(0. 0281) at harvest on Nov. 13

2.3 EHASHERMNA=ZMEAEHRER

ARAFEEABSEAERMYA=RETIR(EHEFEBENER, B 1 KWHEL A Omg/kg #
Bige omg/kg MHMWBERETIEEHTHERA: P 2 KWK LK 30mg/kg 4F 6mg/kg AL BEES
SEEBEE . AAEAREK TS AR B AEA TERKEHACZHRE XA T HANRE.
ERMNEEEERETHHEARESE.ERENERGE RO MRE N KT, 5 NZn, .52
WK 0~ 30mg /kg B 0~20mg/kg A G BB BB - BHH B EMI,
2.4 EHESAAMACHRAEBNEN

REEAMTHREATHRARRTHAELFEKEFTN A HE RN YRBL5ZEBHNRER
WE UEBRRABRENBERFEES AN L HERRV XHBERFEIEER URER Ndfak &
R. BIERBERSEAMOEREZE, AR AWPHSEES . PR TYHFERED=HAEK. A0 B 1 F
FHEACSHEEERE XAFRAARE AR E - ENE. ANBEARE LR KOTEMA Y KRS
R ERQAHRNYS TR IRAIARESHEAMKEREV. S —FHAPEE — RNV & R A4 5] 4 34
HRLOCEBYEER.HEEIRNNEREBRFAEFNAE 0.2%~12. 25 % B EXRBESHE AR Z,
aEEMIERAA=ZHERN =R ER.

ROEH. B _RBENELERAA=HBERNERE L NeZn, LHEHBTRRT, AEERS
EFERMERKBRELMHXEH R=0.5939, roos.:=0.482) , KB B EKE. MR A FH AL IE W
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HTOREEEYES, AN LN ERHRF AR, AN R R TPFEEEAT A
BB ERETESNSONR. KRR TEERNES. AB —YCIHRR N H S, B KR
EMEXEFALESARAE SN EEANER RYUARBSERNES BB XR MERRE R

BEVEMEX,
%5 NHMZInARAERNE=ZHEENdaZ% I BHEM

Table 5 Effect of various levels of N and Zn on N-fixation (Ndfa’% ) of white clover

i #E B BH N XK ¥ Zo K F- Zn level (mg/kg) N ¥ B{H (mg/kg)
Growth stage N levels (mg/kg) 0 6 20 40 N level mean
9H 20H 0 28. 41 48. 34 40. 80 25. 68 35. 97
Sept. 20 ,2000 30 16. 79 30. 71 18. 34 13. 31 " 19.81
90 7.43 11. 58 9. 28 4. 54 8. 21
150 2. 66 4.28 3. 34 0. 88 2. 78
Zn F ¥I{8 70 level mean 13. 87 23. 70 17.97 11.05
11 H13 B ¥ 35. 77 53. 88 48. 55 41.55 45. 01
Nov. 13,2000 30 52. 01 56. 20 54,17 38. 60 50. 42
90 20. 35 26. 30 23. 53 18. 74 22, 24
150 3. 57 3. 68 2. 48 0. 78 2. 63
Zn {8 Zn level mean  28. 09 34. 89 32. 18 24, 91

Duncan’s i BEMBR N M Zn K EPHARE NXIn REFE RS K4 (P=0.05),9 H 20 HWEE R I N K
F(2.19),Zn K E(2.19),NXZn(4. 707511 A 13 ARG RK N KR 45),Zn KF (1. 45),NXZn(3. 18). 8. 5. R.
(P =0, 05)for differences among means of N and Zn levels and N X Zn interactions were N(2.1%8),Zn(2.1%9),N X Zn

(4. 70)at harvest on Sept. 20 and N(1. 45).Zn(1. 45),NXZn(3. 18) at harvest on Nov, 13

N6 FMARENHInHAZMHERWHEBHEREEZ R NdfaXk)
Table 6 Effect of various levels of N and Zn on transfer of nitrogen fixed by white clover to ryegrass (Ryegrass Ndfa ()

e 2k B N X Zn KR Zn level tmg/kg) N ¥-H{f (mg/kg)
Growth stage N level (mg/kg) 0 6 20 40 N level mean
11A10H G B-94 14. 69 10. 81 B. 75 10. 81
Nov. 13 2000 30 & 63 1. 37 11. 32 2. 71 8- 50
g0 2. 81 3. 66 3. 08 2. 59 3. 03
150 0. 77 2. 19 Q. 57 0. 42 {. 99
Zn ¥ #{l Zn level mean 5. 29 7. 96 6. 45 3. 63

Duncen's FiN B EMB N B Zn AFXFYHARNXInZXEARAEREFRP=0050 11 H B3 ABREERAENK
F(1.00),Zn K¥E 0. 97),NXZn(2.14). 5. 8, R. (P==0. 05) For differences among means of N and Zn levels and N X Zn

interactions were N{1. 00),Zn(1. 007 ,N XZn(2. 14)at harvest on Nov. 13
3 it
(DEAZHARERKBREARAFEAREFNABEESFEAMNABEHEREREEZTFAARL
BN A K AT B 0~30mg/kg 8 O~6mg/kg MEAANRNAFHEGFHABERA N HRBMA . EKEHAH
Z B F KBS KA 0~90mg/kg H8 0~20mg/kg WARAET . AR T LAXFBAKET . BH
2 (6] 2 B O S P AN
)R B FREMETHRALRE BEEREX (30 mg/kg) B E MM T R4 E R, I 7 A BURBF AR
BMAERES . ARERO~6mg/k)BREFRMTRUBBEREER  EX 0~30 mg/kg 5% 0~6 mg/
kg IARIEAT REKHEEENNTRAZRLEAR, £/ T LARXEREAAKET  RE2ZHFZHH
L Eo R
(DX XL T A=A K ATH W a2 %05 B & (Somg/k) X H ZHE KRG B RA
BESERAB . EEHPYU NZo LBAHEATFEEB A LR ERE 2 MUK 30mg/kg 5 0~
20mg/kg HHAGLBEH. EHRETHEKFYT HH émg/kg X EFFTHBRR.
WOEAFYRBSH=HEANGTHBEXABXR MSRBEERETHX.
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