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ABSTRACT

In order to study the effect of barley, Italian ryegrass (IRG), and legume mixture on nitrogen fixation and transfer to grasses
on spring paddy field, an experiment was carried out from Oct. 2006 to June 2007 in Naju, Korea. A split plot design with
three replications was used for the experiment. One reference plot was assigned for each treatment to determine nitrogen fixation.
Main plots consisted of Chinese milk vetch, crimson clover, forage pea, and hairy vetch with barley, respectively. Subplot
treatment were barley or IRG with four seeding ratio of legumes (50:50, 60:40, 70:30, and 80:20). To estimate N fixation by
legumes, "N isotope dilution technique was used. N fertilizer [(*°NH,),SO, solution at 99.8 atom N] was uniformly applied to
600 cm® in the middle of each plot on April 15, 2007. Plots were harvest by hand on June 8, 2007. Dried sample were ground
to a fine power and analyzed for total N isotope N. "N was determined using elemental analyzer-isotope ratio mass spectrometry.
The calculation of N transfer was determined with the isotope dilution method. The content of N was higher in legumes than
that in barley or Italian ryegrass. Nitrogen level in forage pea was significantly higher than that of other legumes. There were
significantly differences in N content between legumes in IRG mixture. Atom % "N excess was significantly different in legumes
with barley. The 60:40 sub plot had higher (p<0.05) atom % '°N than other seeding ratio treatments. The enrichment ranged from
0 to 0.58. Compared to barley, the enrichment of IRG with its accompanied legumes was higher, ranging from 0.38 to 1.0. The
N derived from the atmosphere (Ndfa) ranged from 0% to 49.5% with barley-legume mixture. It ranged from 0 to 60.5% in
IRG-legume plots. N transfer from legumes to neighboring grasses was 12.3 to 90.9 kg/ha for barley-legume mixture and 31.7 to
107.8 kg/ha for IRG plots. IRG plots showed higher N transfer for IRG-legume mixture in general based on difference method.
Based on N dilution method, the N transfer was 0 to 36.1 kg/ha for barley-legume mixture and 0 to 50.6 kg/ha for IRG plots.
There was a tendency toward higher N transfer on the difference method than that of the "N dilution method.
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Nitrogen Fixation and Transfer on Spring Paddy Field
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(2) The N-difference method
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Table 1. Soil characteristics of experimental field in Naju

pH Oranic matter Available P,Os Exchangeable cation (cmol/kg) CEC T-N
+

(1:5) (gkg) (mg/kg) K Ca Mg (cmol /kg) (%0)

52 28.1 34.0 0.47 4.30 1.50 10.30 0.21

CEC : cation exchange capacity.

fd
[l
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Table 2. N atom excess % of barley and legume above ground biomass

Seeding ratio Barley Legume

(%) CMV CcC FP HV Mean CMV cC FP HV Mean
50:50 0.33 0.26 0.32 0.30 0.30% 0.48 0.54 0.14 0.17 0.25%
60:40 0.38 0.36 0.26 0.26 0.31% 0.41 0.51 0.22 0.51 0.41%
70:30 0.31 0.33 0.31 0.29 0.31% 0.41 0.54 0.17 0.00 0317
80:20 0.24 0.36 0.34 0.26 0.30% 0.39 0.50 0.00 0.17 0.32Y
Mean 0.31° 0.33* 0.30° 0.28° 0.34% 0.52* 0.16° 0.28°
Main plot 0.17 0.22

LSD
Sub plot 0.07 0.09

(0.05) .
Inter action NS NS

CMV : Chinese Milk Vetch, CC: Crimson Clover, FP: Forage Pea, HV : Hairy Vetch.
® and ® in a row and column with superscripts are significantly different (P<0.05).

Table 3. N atom excess% of IRG and legume above ground biomass

Seeding ratio IRG Legume

(%) CMV CcC FP HV Mean CMV CcC FP HV Mean
50:50 0.80 0.93 0.71 0.82 0.82* 0.67 0.93 0.57 0.70 0.72*
60:40 0.73 0.84 0.72 0.73 0.75* 1.01 0.87 0.64 1.28 0.95"
70:30 0.71 0.85 0.71 0.87 0.78* 0.82 0.95 0.50 0.67 0.74*
80:20 0.77 0.75 0.72 0.75 0.75* 0.94 0.81 0.51 0.37 0.66"
Mean 0.75* 0.84° 0.72* 0.79* 0.86" 0.89° 0.56" 0.76"
Main plot 0.16 0.37

LSD
Sub plot 0.07 0.45

(0.05) .
Inter action NS NS

CMV : Chinese Milk Vetch, CC: Crimson Clover, FP: Forage Pea, HV : Hairy Vetch.
® and @ in a row and column with superscripts are significantly different (p<0.05).
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Table 4. Percent nitrogen derived from the atmosphere (%Ndfa) with various sowing

in barley and IRG

Nitrogen Fixation and Transfer on Spring Paddy Field
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ratio with different legumes

Seeding ratio Barley IRG

(%) CMV cC FP HV Mean CMV cC FP HV Mean
50:50 0.00 1540 4950  48.60  28.37% 29.80 6.20 34.60 38.7 27.32
60:40 13.50 0.00 2420 0.00 9.42% 37.70 10.50 22.00 20.7 22.71*
70:30 6.90 0.00  42.90 0.00 1246 12.40 0.00 60.50 39.6 28.15
80:20 0.00 6.7 71.00 0.00  19.42* 15.40 0.00 53.60 33.6 25.63
Mean 5.10° 553 46.90°  12.14° 23.82° 4.17° 42.69*  33.13°
Main plot 26.40 41.31

LSD
Sub plot 22.56 11.8

(0.05) ,
Inter action NS NS

CMV : Chinese Milk Vetch, CC: Crimson Clover, FP: Forage Pea,
ab

HV: Hairy Vetch.

and ™ in a row and column with superscripts are significantly different (p<0.05).
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Table 5. Estimate of transfer N from legume to barley and IRG by difference method (kg/ha)

Seeding ratio Baley IRG
(%) CMV CC FP HV Mean CMV CC FP HV Mean
50:50 40.1 76.9 90.9 424 62.6" 66.8 76.6 90.9 69.1 75.8°
60:40 26.4 26.0 58.8 29.9 32.8Y 45.9 59.1 103.5 84.9 73.3%
70:30 20.1 34.8 32.6 24.8 28.17 66.0 107.8 106.6 94.9 93.8*
80:20 12.3 14.4 21.3 143 15.6” 39.2 64.1 31.7 54.9 47.5°
Mean 24.7° 38.0° 50.9° 25.3° 54.5° 76.9* 83.2° 76.0°*
Main plot 35.0 63.1
LSD
Sub plot 26.5 27.8
(0.05) .
Inter action NS NS
CMV : Chinese Milk Vetch, CC: Crimson Clover, FP: Forage Pea, HV : Hairy Vetch.
® and ® in a row and column with superscripts are significantly different (p<0.05).
Boaof FHEDT A M EFHE Abolo] BAA o] et al, 2012) ¥ AT Kl A2 AnE HistEA 7]
o Felsgieh. melsh oldkelekt T EakpolA o] e MelTmst AWYAel AholF P Fiol IFL
Yol ol ue gt Fakste] Estivt oBFel ¥ Bk wAtm stdth BW olBFel A ke %
t}. o]213k A3} Lee et al. (2005)°] ©]5EL 39~58%%  (Giambalvo et al, 2011)3} vv|3c}i= KL (Opitz et al.,
I o] FFE 68kg~94 kghaSirt R gk v} glow g 2005)5 ALt ole} Fe FAFL ko o] Foko ¢ @
o2 g Lee et al (2012)°] 19.3kg~126 kglha Alo] & A7) o|Fojdok & Foz KAt
ki wEst v Qe i Aaolse AARsHE Bat o} Fapel A
Table 62 994 3AMor S o olxHS = o|Fojxtku: 39 (Georg and Kerstin, 2014) ¥}
vebd Zlojth weleh 3 3= 0~18kgha7l ols  EEAFS FAlol FAL daiol AlVjdd sHllrh &
Hlar o]geot o] ael Fahefe] Eulol A= 0~51 AP 53] Ak 2A7} opd el AFEoA o] F
kgol WA F e Fae SuA e BF A =BG vAE B A ExUF 9 B AY
SAA Feldel gtk olEde AW mirHAR o Ais AY Rluer]rh oEE Ak ARoln oleld
ojgrz|et gholgs FahED Xl v Wtk B A5 SAS v o B2 A3 ASHd RUHES Fot
o 22 FodL IS ARERE W FE S 3 o Bu AEE volHE de g e 7] AE 3 A
Hilo] Fofslz AAE ha@ 40kg A&l 3] (Pirhofer £o] Zasitial AL HT)

Table 6. Estimate of N transfer from legume to barley and IRG in "N dilution by "N dilution method (kg/ha)

Seeding ratio Barley IGR

(%) CMV cC FP HV Mean CMV cC FP HV Mean
50:50 16.14 36.17 22.92 10.02  21.31% 11.21 4.35 41.37 7.48 14.9%
60:40 5.32 0.00 20.10 8.92 7.84* 23.56 19.66 41.77 47.54 32.32%
70:30 1.63 13.19 12.24 3.04 7.52* 40.99 12.34 51.06 0.00 25.76"
80:20 18.04 0.00 0.00 9.79 6.96* 14.97 20.91 31.15 22.20 21.93%
Mean 10.28* 12.34*  13.82% 7.20° 24.47% 13.96% 40.08* 16.41*
Main plot 23.88 35.77

LSD
Sub plot 22.01 17.88

(0.05) )
Inter action NS NS

CMV: Chinese Milk Vetch, CC: Crimson Clover, FP: Forage Pea, HV: Hairy Vetch.
ab and xy in a row and column with superscripts are significantly different(p<0.05)
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