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Researches on Bi-directional N transfer between the intercropping system of

groundnut with rice cultivated in aerobic soil using N foliar labelling method
CHU Gui—Xin]‘Z, SHEN Qi—Rong] ) L1 Yi—Lil’l] ) ZHANG ]uanl ’ WANG ShU—Qi] (1. College of Resources and

Environmental Science, Nanjing Agricultural University, Nanjing 210095, Chinas; 2. College of Agricultural Science, Shihezi University,
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Abstract : Rice traditionally cultivated in water-logged soil consumes huge amounts of the water resources in China. As a novel
water-saving technique, rice cultivated in aerobic soil could almost reach the same yield as that in water-logged soil.
Furthermore, rice cultivation in aerobic conditions makes it possible to intercrop rice with legumes, which is regarded as an
important part of sustainable agriculture and has a yield advantage expressed by land equivalent ratio (LER). But little
information has been available so far about the new intercropping systems. Pot experiments were carried out to study the
nitrogen transfer occurring in the system of groundnut intercropped with rice cultivated in aerobic soil at three different
nitrogen fertilizer application rates (15 kg hm™*, 75 kg hm ™ ? and 150 kg hm™*) using "N foliar labelling method. The results
were as follows. The dry weight and total nitrogen accumulated in intercropped rice were 9.410 g plant ', 12.06 g plantl,
13.53 g plant ' and 207. 35 mg plant ', 241. 81mg plant ', 259. 37 mg. plant ' at three nitrogen application rates, namely 15
kg hm %, 75 kg hm %, 150 kg hm *, respectively. Compared with monocropped rice cultivation, the dry weights of rice

intercropped were increased by 21%~29%, 7% ~29%, 18% ~30% at the three N fertilizer application rates, respectively,
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while the total nitrogen increased by 43.43%, 45.72%, 32.81%, respectively. This result showed that intercropping could

enhance significantly the dry weight and total nitrogen of rice crop. especially in the soil with low-N supply. There was no

significant differences of the dry weight and total nitrogen of groundnut between the intercropped and monocropped. Using

groundnut leaf label "N as "N donor plant, there was good evidence of nitrogen transfer from groundnut to rice, which

accounted for about 9. 93%, 5.65%, 4.22% of the N accumulated in groundnut at the three N application rates, respectively.

The higher the fertilizer application rates, the less amounts of N was transferred from groundnut to rice. Nitrogen transfer

from rice to groundnut was also observed in the experiment of rice as "N donor plant, which represented about 4.39%,

2.06%, 1.38% of the N accumulated in rice in the three N application rates, respectively. By using "N foliar labeling method

a confident conclusion could be drawn that there existed a bi\ |directional N transfer in the intercropping system of groundnut

with rice cultivated in aerobic soil. The possible mechanism and path-way of nitrogen transfer in the system of groundnut

intercropped with rice were also discussed in detail in this paper.

Key words :intercrop; '"Nj nitrogen transfer; rice; groundnut
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2
2.1
2.1. 1 . 1( N
15N ). , 15N 15N
’ P:O~ 05 ’ ° ’
o 9’
9 ’ b b
., o .’ .,
(P:O« 05) ) 1)
s s . 15 kg hm #.75 kg hm #,150 kg hm * 3 s
21%~29% 7% ~29%.18%~30% . s
b b b 9
15 kg hm™*,75 kg hm™* , 22.41%  2.93%~
21.57%.
1 ( )
Table 1 Dry matter and N yields of rice and groundnut in monocropping and intercropping system
(g« D (mg+
L N levels Dry matter (g ¢ plant™1) Total N yield (mg ¢ plant—1)
Species _,
(kg + hm—2) Shoot Root Shoot Root
15 6.78 + 0.87 a 5.99 £ 1.00 a 194.8 + 17.74 b 497.32 4+ 96.93 a b
Groundnut 75 8.21 £ 0.77 a 7.03 £ 0.68 a 236.6 + 25.00ab 637.44 + 44.07 a
monocropped 150 7.23 £ 0.73 a 6.95 = 1.45a 227.9 + 38.42ab 601.65 &= 178.1 a
15 7.60 £+ 0.64 a 6.29 = 1.05a 204.9 + 33.23ab 481.51 4 65.38a b
Groundnut 75 8.69 + 2.56 a 6.01 = 1.82a 258.0 + 72.74 a 529.08 4+ 186.7ab
intercropped 150 7.22 £ 1.05a 5.28 + 0.68 a 185.0 + 23.88 b 385.51 = 54.65 b
15 6.96 + 0.59 ¢ 1.21 + 0.149 ¢ 117.3 + 17.99 e 21.82 + 2.70 ¢
Rice mono- 75 8.52 + 0.94bc 1.23 £ 0.19 ¢ 131.2 4+ 28.15d e 24.87 £ 5.72 ¢
cropped 150 9.41 4+ 1.05 b 1.42 + 0.13 b c 174.3 £+ 8.325cd 29.85 + 2.57bc
15 9.92 £ 0.91b 1.78 +£ 0.37 b 207.4 £ 10.79b ¢ 37.78 £ 10.1b
Rice int- 75 12.06 = 1.57 a 2.55 £ 0.27a 241.8 £ 56.66ab 60.44 £ 5.76 a
ercropped 150 13.53 + 1.43 a 2.38 = 0.43 a 259.4 £ 19.02 a 57.59 £ 12.7 a
* + , »=0.05 ( ) Mean valuedstandard error, values in a column followed by

different letters indicate significant difference at p=0. 05 probability (the same below);

(""’NH;), was designed as N donor

ISN

,Groundnut foliar labeling CO
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Table 2 AtomY% 'SN of plant components of 'N-donor and control plants in different N levels
N N ( N ) PN ( N )
N levels Atom %15 N (Groundnut as "N donor plant) Atom % N (Rice "N donor plant)
Species
(kg hm™) Shoot Root Shoot Root
15 1.445 4+ 0.123 a 1.125 4+ 0.170 a 0.420 £+ 0.014 a 0.379 £ 0.006 a
Groundnut 75 1.480 4+ 0.434 a 1.219 4+ 0.386 a 0.391 £ 0.004 a 0.381 £ 0.013 a
150 1.135 + 0.088 a 0.912 + 0.101 a 0.381 + 0.001 a 0.373 £ 0.000 a
15 0.490 + 0.016 a 0.553 &+ 0.005 a 2.867 £ 0.250 a 1.579 4+ 0.579 a
Rice 75 0.443 £ 0.020 b 0.524 + 0.004 b 2.556 + 0.366 a 1.649 4+ 0.258 a
150 0.399 £ 0.001 ¢ 0.495 £+ 0.001c 1.826 4+ 0.109 b 1.394 4+ 0.090 a
Control
Groundnut 0.370 + 0.004 0.370 £ 0.005
Rice 0.375 + 0.008 0.373 £ 0.003
2 ; 0.370%.0.373%~0.375%, "N N
(0.3663%). PN N "N .
Tomn 1994 N N Bl 2 s
N , 15N ; , 5N o
s N o s N ,
“N s ) N )
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Table 3

different N fertilizer application levels

lSN

I5SN atom%; excess in groundnut and rice and bi-directional nitrogen transfer between groundnut and rice intercropping system in

N 15N 15N %
N levels . Atom?% PN excess Proportion of "N transferred
, Species
(kg hm™?) Shoot Root Shoot Root
5N Groundnut as "N donor plant
15 Groundnut 1.074 4+ 0.123 0.754 £ 0.170
Rice 0.115 + 0.016 0.180 + 0.005 9.932 + 1.651 a 1.883 + 0.478 b
75 Groundnut 1.110 4+ 0. 434 0.849 =+ 0. 386
Rice 0.068 + 0.020 0.151 + 0.004 5.651 + 0.619 b 2.297 + 0.446 b
150 Groundnut 0.765 + 0.088 0.542 &+ 0.101
Rice 0.024 + 0.001 0.122 + 0.001 4.223 + 0.249 b 3.315 + 0.659 a
5N Rice as "N donor plant
15 Groundnut 0.050 + 0.014 0.006 =+ 0.002 4.390 £+ 0.234 a 6.962 + 1.661 a
Rice 2.493 + 0. 250 1. 206 4+ 0.579
75 Groundnut 0.020 + 0.004 0.011 £ 0.013 2.062 + 0.635 b 5.117 + 1.658 a b
Rice 2.181 + 0. 366 1.276 4+ 0.258
150 Groundnut 0.011 + 0.001 0. 002 =+ 0. 000 1.348 4+ 0.212 ¢ 2.944 £+ 1.382 b
Rice 1.451 4+ 0.109 1.021 #+ 0.090
/
4
. Table 4 Proportions of N transferred from groundnut or rice and
4 , the net directional N transfer in groundnut/rice intercropping system
- —2
° 15.75 150 kg N hm 3 Amount of N transferred Amount of
i, Treat Nt N transferred Y of total N ¢ N
5 - rans- s ne
N ’ red as % of total N as o oa' ¢
. . , ments ferred lated i accumulated in transferred
accumulated in
10.176.6.03%  30- 174+ (mg plant™!) C,CU wate groundnut  (mg plant—!)
rice plant( %)
s plant (%)
5N Groundnut as "N donor plant
1N 15 20. 8" 4357 Ly
.
y y y 75 14. 6 1.93 9.59
4.34%.1.939 1.899
! ! L’ 150 7.82 1.89 1.32
L,
15,75 150 kg N hm 3 5N Rice as "N donor plant
11.7, 9.59 4. 32 15 9.10 10.17°
mg N ', 75 4.98 6.03
150 3.50 3.01
b
) ‘ =%NTX ;T T
%= - )X100; T T
+ 0/ — -
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YX100; T+ 7 T . = —
3.1
T . Amount of N transferred = %NT X Above-ground N yield of
plant; T T . N transferred as of total N accumulated in rice plant
’ ° (%)= (Amount of N transferred = Above-ground N yield of rice
[3.4.6~10]
’ plant) X 100; T T T : N transferred as of total N accumulated in
[5.18~15]
R groundnut plant (%)= (Amount of N transferred + Above-ground N
BN , N yield of groundnut plant) X 100; T T T T . Net N transferred =

Amount of N transferred from groundnut-Amount of N transferred

from rice
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