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Using 15N isotopic dilution method to quantify
the biological nitrogen fixation in sugarcane
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Abstract; The quantification of biological nitrogen fixation in sugarcane was investigated with >N isotope dilution
technique in greenhouse bucket culture test,using cassava as reference plant. The experimental results showed that
Ndfa accounted for 11. 3514 % ,and the nitrogen fixation rate was 0. 9269 g/bucket for whole growth duration of sug-
arcane, Ndfa and the nitrogen fixation amount in different organs of the plant showed leaf>>stalk>>root. Ndfa in leaf
accounted for 13. 2668% ,a little higher than that in the whole plant,but the difference was not significant. The per-
centage of nitrogen from air, fertilizer and soil occupying the total nitrogen of the plant was 11, 3514%,7. 6857% and
80. 9629 % , respectively. The nitrogen use efficiency of sugarcane was 58. 7583%. It was concluded that all organs of
sugarcane could fix nitrogen through biological nitrogen fixation,and leaves could be used to estimate the amount of

biological nitrogen fixation in place of whole plant of sugarcane.
Key words: sugarcane; cassava; 5N isotope dilution technique; nitrogen-fixing percentage; quantification; biological

nitrogen fixation
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B 7 1961 4F, Dobereiner 8t & B H ¥ (Sac-
charrum of ficinarum)FEHEEYE R RS . HEK
HNEA S HE KA M E AR %K (Loiret %,2004),
HE E E R — R A B A B A (Boddey %,1991; %
PlE%,201D)., HEESKABATREFTRAERN
30% ~80% (Robert %,2000) . I A4 ¥y & & 69 7
HEEAH Z HE R (ARA) PN | Bk
(ID).*N BREFE, ERMEE AN B 2RE
{85 1 Bt BR A5 W 2 % (Ham, 1978; PR B %,
2005) , Hoep ID B2 N I B S IZ T H. L SR HE B 07
(2% K% ,1997;Danso %,1993),

ID ¥ EEEY 5N S AR B R Y
MEAEBHAHARE N fRicE LB FREM
iR 0 45 M 6D BT A+ S A AR R R R R R B R
mYEEES A EY IR AR A TR R
HEFB, ATSIESSHED NN FEHE
FL, LU A U E R A Y M B R E 4% (U Ndfa)
(Danso %,1993), Bk, ID ¥ BEHE# X 7 16 & HH
LR PRARARE(ER. LR EERDNEAE
B A E R AT A KA A EEER
(Danso %",%,1’993)0 IDEEBZNATEREDH
H Y E R 5 (Khan %,1994; 2 £ 1%, 2002; B
F R % ,2003;Goh %,2007) ., ZEREREY Lt
B (B3R %5, 2004 ; FE R TR 48, 2007) . {E7EH E bR
% (Segundo %,1992; B £%,2010), A HBE
ADEUAENSHHEY, TAETENEYEE
8, DU Oh B A = R A — 5 W B AP R R
HSERKE.
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HiXE R H R, AN B8(EESI 6 5, H
IHHERRRAEERASHEYARE, SRR
#7205, 1) TR B2 B 2 ST BT ST AT d2 44t .
1.2 REigit

2008 FEAE A H AR EHBEHT. R
A2l Rigi MRHE EE4 K. EEN
BEDF 4 FEHBE AREER 16 8, R ILME
32 K. R ML R PR, KN 0.18
m,MOMNB0.55m,NE 0. 45 m, AL 0. 18 m*;
LA, KEATRAT AR BB AR ¥BE
BALINES 0~20 cm KBHER , L AB R

HOAEEXR. THEEXT . RBE. LR EHEL
70kg, TEAEVFE S E N 23. 86 g/kg, £ & 1.52
g/kg, 285 1. 17 g/kg, 24 12. 05 g/keg, BB A 117
mg/kg, & ¥ B 135 mg/kg, B 269 mg/ke,
NH; -N 8. 54 mg/kg, NO; -N 4, 09 mg/kg, pH &
7.24,

AL HE ABEHEE, BREE" N-RRK
HARICAE(ERE 15, 15%, 1 L TH R B R 40)
5.0000 g, 4l N 1. 0695 g/#fi. HEBREIAKELE.
1.3 XRA*

RIGH % + /5 FU/KMIE B 25 58, R
o AL FIBIRAS . BERD RIS R 224 9 M7 ik
PATAEAESE, T 3 A 22 HIER. HEH 2 AR
HELARER 1A 4B HER HERE 2 KK
B 18k, 4 A 12 HRCN-FIBRE&RiZIE. 5 H
24 HEEHE“HH” (ZEHMBREEREYREER
AT HE2 000 BB IH LB, 7 A 11 H B
R (HEARBKFER FEA R TEL A M) 1 500
BRBIAH ARy, HEREAEHE,

L4 BRRESHH

RIS A A R L T
CREY R, 2008 4 12 A 15 B #H WK, B4
SABEMIFS HRHEE. BT 105 CRF 30
min,7E 75 C THEHEE, B4 KRTE. ARA
ERGMRESHE. EENRBESEAE., HERR
LR, ZREURY S + 2~ 13 35 ], A0 ER
+2~+3 M, RERBURFBR 2, ZRIME+
1~ 4 5 9 (8], o B 3R B R 4% € B i A A
Wi, frer®E, FF 105 CHF 30 min, £ 75 CF
WEEE, BoNKRTE RE, 3. BRELRE
B RE & A 2% v B 2 B R B S ST B A AT R o
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1.5 it #Mmgit o0

HEEET S FE (Y% Ndfa), B & & (Ndfa)  jE
HAARM FOMEBAENITRESBEKAR
(1988) I B HH % (1989) BRI % (1993) BRI %
(1997) FEHHEZ(1997) . FEF HF (1998 WEE
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2.1 HERANNED~R(TE) .22k 220
21142528 (F¥€) HESAEMHE H.ZE.,
MAEKN TEYINIEES KRS, HIELHH
193.01% .67. 24 % .,391. 04 % .152. 54 % , H BE #1 #k
TEREERTAEEKTE. HESBMZAR

RAMHTESETESHRTEHAMERBERET
R, AEEBUZERAFZTESHTFESRT
HE=HEEERBEZEGED.

21.248F HESAEHL BR.ZHHETE
BYNARESHE MEHEAARAENHR. X 0HE
FRERBRPFHYHIH>ESH, HPHErmt
MERBREER TR, REMR.Z HZHEHNITH -
BERBEEGED.

£1 HEANESBUNEY~R(TE) . QARR2AR

Table 1 Dry weight,N content and total N in the organs of sugarcane and cassava

F & Dry weight &% & N content 288 Total N
A Organ #E TRAR HELAEHRE #HE TRAN BiE TREAR HELAKEHRE
Mean C. V. Increase or Mean C. V. Mean C. V. Increase or
(g/bucket) (% decrease( %)  (g/bucket) (%) (g/bucket) %) decrease( %)
B B 21.2875+ 8.6931 193.01 0.7733% 9.1959 0.1657+ 17.6777 22.14
Sugarcane Root 1. 8505 bB 0.0711bB 0.0296 bB
=% 304, 4250 % 5. 8738 67.24 1. 2650+ 7.2019 3.8596 % 11. 9992 -13.53
Stalk 17. 8815 aA 0.0911 aA 0.4631 aA
M 313.6300%  8.2225 391.04 1.3325% 6.0466 4,1757% 9.1022 73.78
Leaf 25.7881 aA 0. 0806 aA 0. 3801 aA
1 639.3425+  3.6214 152. 54 — — 8.2008 % 9.1096 18. 50
Plant 23.1531** 0.7471*
A% B 7.2650% 11. 2727 — 1.8650% 6.3368 0.1356+ 13. 2144 —
Cassava Root 0. 8190 cC 0.1182¢C 0.0179 cC
= 182.0325+ 6.0493 — 2.4025+ 4,5644 4, 3819+ 10. 2521 —
Stalk 11.0116 aA 0.1097 bB 0. 4492 aA
nt 63,8700+ 25.9201 — 3.7775% 3.5541 2.4029+ 24, 6422 —
Leaf 16.5552 bB 0.1343 aA 0.5921 bB
b 253.1675+  7.6475 — - - 6.9203+  10.0262 —
Plant  19. 3610 0. 6939

B M HEAAREHEHETERST BR.2=255903,P=0.0000, R R B E.

0.0458, 2R B ¥,

»HEMAEHEKSARHAT « KB, c=2.5119,P=

Note: Difference of the dry weight between sugarcane and casava was very significant by t-test(¢==25. 5903, P=0. 0000)and that of the total

N was significant(¢=2. 5119, P=0. 0458).

2.1.3 2RF HESAEML, R . HAEKKE
REHNHESRE B HK 22.1476.73. 78%
18.50%, K HHEK LA ERBEER TAE  EN
LEBNHBE<AKE K 13.53%., HESBAZHE
BRI 2RESZLABSHLER HAZERE
ERTHR. REFBNZEARANZLAESH2
RESHRL2ABR.ZHMERRBEGED.
22 HEMARN NEFESBE N EFMNE
S8
PNREFESB:-HESKEMLL, R.Z.H
MNRFESTBHAHE<AE. HESHALZ
EREANRSESH  HPRBEEFTH . ZEF
BTH., KESBAZE BRI ARSESH,H
ZEZEAERARE.CNEFMNELE .- HES

REME, B MR <K E AR, H A
>AREH, H RS AREREANE; XhH A%
WENREFIRE A ERTAE, K 11. 43%.
HESHAUZREZARZSH >R, KFHEZH
HRBERTR., KESHALZEBEIARZE>T
SHRIZEREFREEGR D,
2.3 HEMER TS X (% Ndfa) % E % 1 (Ndfa)

BAEFE (% Ndla) . 45 AHE AELE
MHMENREFESEMGETER . Z HHERE S
B HAMMRERIH>ZES>HR (K 3, Kbt
(13.2668% Ndfa)ik 3 & T # (4. 3427% Ndfa),
2£(8.5075% Ndfa) B E & FHR. iLHEHER.
E M =AEA w0 B R S BR .

AHE REAEEN NEFIRESBEE
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HESKKERE %N 11.3514% Ndfa, BET  AYEEAREAEH0.9269 ¢ HER.Z MHER
MAMGRE R 14, 4% B RBFHHEREERE  BRMRROIM>ZESR KA (G4 0. 5463 g)
Ef. Al EAERIERS TLUAEERREE  EERHO0. 3334 oW EEH TREGH 0.0072 g),
BRIFMEHAEYERE. WX BERTE, RHEHER.ZE =R,
FAENda) . h % 3 A LEL, HEAKK HREARRX.
£2 HEANSBUNNEFESBRENEFMRESE

Table 2 Atom % 5N excess and atom % !N weighting excess in the organs of sugarcane and cassava

BN ETFES#HE Atom % BN excess(%) BN EFINE 448 Atom X% 15N weighting excess( %)

H i Organ
¥ Mean BRAKC. V. ¥ Mean ERREHC. V.00
H P Sugarcane # Root 1.256240.0171aA 1. 3595 0.0253+0.0028bB 11. 1170
% Stalk 1.1912+0. 0998 aAB 8.3774 0.55901+0.0432 aA 7.7277
M Leaf 1.0812+0, 0435 bB 4.0227 0.551940.0525aA - 9.5075
HE#: Plant — — 1.13634+0. 0554 4,.8726
A % Cassava # Root 1.3137+0.0356aA 2.7092 0.02561+0.0008cC 3.2568
% Stalk 1.3012+0. 0896 aA 6. 8846 0.825340.0820 aA 9. 9404
M Leaf 1.248740. 0695 aA 5.5676 0.431240.0944 bB 21. 8504
fE Bk Plant — — 1.282940. 0802 = 6.2531

W O HEARER RN BRI E 48T « R .0=38.0072,P=0.0238, 2R BE.

Note: Difference of the atom % !N weighting excess between sugarcane and casava was significant by t-test(t=3. 0072, P=0. 0238).

#*3 HENEZRESE(% Ndfa) R E % & (Ndfa)

Table 3 Nitrogen-fixing percentage and nitrogen-fixing amount of sugarcane

w4 BERE»E TRAK BRERE TRAK

Organ Nitrogen-fixing percentage (%) C.V.(%) Nitrogen fixing amount (g) C. V. (%)
8 Root 4.342741.9059 bB 43,8862 0.007240. 0035 cB 48,2411
% Stalk 8.5075+2.5714 aAB 30,2247 0.333410. 1349 bA 40. 4726
M Leaf 13.2668+4.6947 aA 35. 3867 0.546310. 1587 aA 29. 0431
L #k Plant 11,3514+2, 5843 22.7664 0.9269+0. 2035 21. 9545

e M H RN AR BE A TS RET KR, r=0.7148,P=0.5016, ERRB ¥,
Note: The difference of the Nitrogen-fixing percentage between sugarcane leaves and sugarcane plant was not significant by t-test(:=0. 7148,
P=0.5016).

R4 HENASNREHNAZERLIHAR

Table 4 N using efficiency and soil nitrogen amount for sugarcane and cassava

FHEF] FI# N using efficiency +3E & & Soil nitrogen amount
#:41 Crop HHEN) TREAR HELAEHE O THAR TREK HELAEHERE (M)
Percentage C.V. (%) Increase or decrease  Soil (g/bucket) C.V. (%) Increase or decrease
H #E Sugarcane 58.758312, 9554 5.0298 4.63 13.9403+£0. 6802 * 4,8793 12.76
A B Cassava 56.1590+6.7026 11,9351 — 12.361110. 7731 6. 2544

. s HEMAENRIEHAEHET  RK,:=0.7097,P=0.5045, BF R BE., « W HEMAEN LBEARHFIT « K% ,1=3.0672,P=
0.0220, R B %.

Note; Difference of the N using efficiency between sugarcane and casava was not significant by t-test(z=0. 7097, P=0. 5045)and that of the
soil nitrogen amount was significant(¢+=3. 0672, P=0. 0220).

24 HEMAENERFAZER T RAR 2.5 HEMAERBANAENEARER AR
DM N RFMXE>SEE TR AREN 2.5.1 &1 FEEMYHEMKEARTESS
REFARELERAE ERILK 4. HEMNAL SAMMEERAD ERHAL L ER 3 HEAEGR
FMAREARER 4. 630 . HiRBRREERDEHE, S, EHESHHEYABERFERA KL EA 2 #
ZWHEMAZ LR ARG ECM RS, A . HEREEREEHE 0. 6284 g, L RE R Y
EHTEEAERAESE 12.76 % R ERFEE, BIRE R R B HE 0. 6006 g £ 4. 63% . HZ t %K. K
FARZBEREEN. HERK LTI EAESH
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6. 6455 g Lk R BRI T+ 3R A 6. 3197 ¢ &
5.16%,.H& tiK MEMRRZHZREEHE. X
BT H A ZENER A PRI A R SR L
He AR — B, AR A (] L ) A R A 3 R e

REW.

2.5.2 ¥ HEHKZ2AEFRAZAANE
BE KR BAEN M5 K 11, 3514%.7. 6857%,
80.9629 % , KREH A LR BT R ARBER T HE

5 HEMAFEKRSERPRETALARHNERERZRLL

Table 5 Nitrogen amount and nitrogen percentage from different sources in sugarcane and cassava

% B8 Nitrogen amount & & It Nitrogen percentage

H% 2 TER FERHE k- ¢4 EEA R R
o A& Nitrogen Nitrogen from Nitrogen Nitrogen Nitrogen Nitrogen
Total from air fertilizer from soil from air from fertilizer from soil
Crop nitrogen
(g/buckey HE ERR¥ HR TRAB HE ZERRE T REEK TREAK TREAK
(g/buc- C.V. (g/buc- C.V. (g/buc C. V. % C.V. % C.V. % C.V.
ket) %) ket) %) ket) % (%) %) %)
HEE  8.2008% 0.92694 21.9545 0.6284+ 5.0298 6.6455+ 10,7162 11,3514+ 22,7664 7, 6857+ 4,8617 80.9629+ 3.3373
Sugarcane 0. 7471 0. 2035 0.0316 0.7121 2,5843 0.3737 2.7020
A% 7.1333% — — 0.6006% 11,9351 6.3197% 10.0361 — — 8.6776x 6.2531 91.3224% 0.5942
Cassava  0.5351 0.0717 0.6343 0.5426* 0.5426* *

L W HERARER QR R BT ¢ %, 0=0.7097, P=0.5045, ZRABFE. MHEARERXRS LHEOERHT « % ,1=0. 6833,
P=0.5199, 2R AE %, W HEMAERAMNENELAHEST cRE,=3.0112,P=0.0237, ZR 8 F . M HEMAERH LBAK LA #
Tt K8 ,:=7.5180,P=0.0003, £ R B ¥ .

Note: The difference of the nitrogen from fertilizer between sugarcane and casava was not significant by t-test(z=0. 7097, P=0. 5045) and
the nitrogen from soil was not significant (¢=0. 6833, P=0.5199). The difference of the nitrogen ratio from fertilizer between sugarcane and

casava was significant by t-test(¢=3. 0112, P=0. 0237) and the nitrogen ratio from soil was very significant(+=7.5180,P=0. 0003).

B EL R4 Bl R 8. 6776%6.91. 3224% . H Ed F Al
BMTa=RE . MEREHLL, kB BERK L EE
BFAE,XATEAWLAREERTRE,

3 G hitis

L1stktEMRBEEEYERR

AIDEMEE YA RN, S LEYEFERS
SHBEZ W E SR KT (Danso %,1993;
Witty,1983), A TR HSHHEYTIRIRZE, 2
FHZAODINAELRES LAY, R B HH
SEAHEYEAR FIALKITARE: AR — L8
PRl Ry EA MR R R AR HAUM AR R
WK R K R A AR R R
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kRIS B (Brachiaria arrecta) fE 5 A ¥ (Seg-
undo %,1992) , i 7 % H # 47 #93&X % (Shotaro %,
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FEA NI R RAE HA B A E N HRGE; W EAA
RBERE HEAMARAZEN L ERES P REER
B B R AR AR

Witty (1983) 1 Danso % (1993) #f 7T 5 i,
£ % Ndfa 8/h(<30%) i, S LAY 5| & 1l
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EZH/N, GHEYEFERRNERE, Y Ndfa
# K F 80% (West %,1983) , i f1 sk H# S LWy 51
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25% ~ 80% (Segundo %,1992), BT HF K 10% ~
67 % (Fuentes %, 2004), & H £ & 30% (Shotaro
%,2002), XARESEBENSHLEYAREX.

P ok 45 (2008) LA H 7E B 2 Rl D W R, R
ANRAERBE WEBARZZREAMGT B K
-3 B R E 4N 26.91%, WA 11 5 M ROC16
FAFBEARHREAEIBE. FEF 2010
FIYN R & W BB 5T B B B s o | A Y &
A Z o, fE 3R 60d J5,ROC22 F1 B8 MIE R H 4
451K 8] 18, 43% Ndfa 1 31, 28% Ndfa, Ak
BUAENSHHEY  AHERAN RERBEEL,
W5 B MEAEAER 11,3514 % K THHRMN%
(200) B EZ QIO MELE R, TS HES
FMARE&AERINESHEYARE X, FEHE—
R .

3.2 HEARASMUEKNBERENEEZR
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