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The response of the rice root system to nitrogen conditions under-

root confinement
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Ecology. South China Agricultural University, Guangzhou 510642, China; 2. Institute of Aquatic Ecoscience, Ji’nan
Universitys Guangzhou 510632 ,China). Acta Ecologica Sinica2003,23(6):1109~1116.

Abstract; Under the conditions of ample water and nutrients, production of an excess root system may
reduce the growth of shoots because of the competition of carbohydrates between roots and shoots. Roots
are the major sink for assimilates. requiring twice as much assimilate to produce per unit dry matter as the
shoots. Passioura ( 1983) doubted that the root system of many crop plants may be excessive; and
suggested that smaller root system may be beneficial for assimilate to be transferred to shoots. Based on
the assumption that varieties with large root/shoot ratios may exist root redundancy, ten common rice
varieties were used to study the relationships between root biomass, shoot biomass and yield in field

experiments. The results showed that root/shoot ratios at heading and ripening stages were negatively
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correlated with yield (correlation coefficients were —0. 8616 and — 0. 8889, respectively) but root weight
was not. So root system redundancy existed for those rice varieties with large root/shoot ratio in terms of
maximizing yield .

A hydroponic experiment was conducted to further elucidate the relationship between root and shoot
development and yield. Root system was placed in cylindrical nylon bags to result in root confinement.
Different sizes of nylon bags allowed movement of water and nutrients but prevented penetration of root.
The diameters of the root bags were 3cm(R3), 4cm(R4), 5cm(R5) respectively and the length was 25cm.
Rice grown in the absence of a nylon bag was used as a control (R0). Different root/shoot ratios could be
realized through root confinement methods. The variety Jingxian 89 with large root/shoot ratio and
nitrogen levels of 20mg/kg, 40mg/kg and 60mg/kg for the hydroponic solutions were used in this
experiment. Rice grown with a confined root system at different N levels had significantly lower root/
shoot ratios, higher total surface area(TSA) ,active absorption area(ASA) and ASA/TSA ratio at heading
stage. The root/shoot ratio at the low N level was reduced by 21.94% , 4. 64% and 15.54% and at the
medium N level, were reduced by 21.51%, 15.13%, 22.45% , when roots were confined to bags with the
diameter of R3, R4 and R5, respectively. The reserved carbohydrate content, especially the soluble sugar
in the stem and sheath of the rice plant also increased significantly. The chlorophyll content in the
functional leaves were not affected by root confinement. Moderate root confinement increased TSA, ASA
and ASA/TSA ratio than other root confinement at different nutrient levels, but root system activity
decreased with severe root confinement. With the increase of N concentration, TSA, ASA of the root
system decreased in all treatments. These results suggest that root system competition decreased with the
increase in N nutrient level. Moderate root confinement could reduce root diameter, increase active root
absorption and root activity at heading. However, root confinement had no effects on root surface area and
active absorption area at ripening. These results suggest that reduction of root/shoot ratio may be
beneficial to increase root system activity, and promote more carbonhydrate transferred to the shoot.
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Table 1 The yield component and root/shoot ratio with different varieties

Root/shoot Root/shoot

Effective . Filled  1000-grain . . .
. . srains per . . Actual yield ratio at ratio at
Variety panicles el grains weight (ke/hm?)  headi ibeni
B m- eadin; ripenin;
(10*/hm?) ~ PAMEe %) (2 € & pening
Slﬂge Slﬂge
4 Guang-Lu-Ai 4 20. 4 90 86. 67 25.9 4324.5 0. 1380 0. 0663
Er-Qing-Ai 17.6 140 85.70 23.9 6507. 0 0.0913 0.0542
Qi-Shan-Zhan 21.6 115 87.83 18. 1 4951. 5 0.1417 0. 0691
Yue-Xiang-Zhan 24.2 110 92.73 18. 8 6798. 0 0.1032 0. 0556
88 Jing-Xian 88 19.3 160 84. 38 16. 3 4663. 5 0.1372 0.0758
72Pei-Za 72 16. 3 255 70. 98 19. 2 8020. 5 0. 0987 0. 0521
Pei-Za- Qing-Zhen 20. 2 200 71.50 20. 4 8215.5 0. 0989 0.0517
89Jing-Xian 89 19.1 204 70.58 19.9 6204. 0 0.1200 0.0629
1 Feng-Ai-Zhan 1 16.5 214 63.08 20. 6 6150. 0 0.1179 0. 0581
3 Te-San-Ai 13.9 172 66. 86 28.9 7930. 5 0.1068 0. 0549
2.2 0.16
N
pa R = -0.8619**
2.2.1 2 B0
BT . -
‘.§ L)
& 0081 o R =-0.8889*
s ° ﬁ 0,06 [ O\—Q\—%—M
’ B 004 o fh ] Heading stage
- .02 | Ripening st
(ND . (R3,R4.R5) ne o MMM Kpeniogstage
21.94% ,4. 64° 18.54% s 4000 5000 6000 7000 80CO 9000
43 % % 78 Yield (kg/bm?)
b o
(N1) (NO) !
Fig. 1  The relationship between root:shoot ratio and
b ’
ield at different period
. (R5) Y :
, 60% 25%., (R3)
.’ b o Y A
o 2 b b 9
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Table 2 The effect of root confinement on plant traits at different nutrient level at heading stage

Treatment Pl'am Tiller leaf R(.)Ol Shf)()l T(?lal Rool/fho()l R'oot/sho(?l
height number number weight weight weight ratio ratio reduction
(cm) (g) (g) (g) %)
N1-R3 93. 8a 10. Oa 56. 5a 1. 29b 14. 32a 15. 61b 0.0943 21.94
N1-R4 96. 5a 8. 5a 44.5b 1. 65ab 14. 45a 16. 09b 0.1152 4. 64
NI1-R5 96. Oa 10. Oa 50. 5ab 1.92a 19.47a 21.39%a 0. 098 15. 54
N1-RO 92. 6a 10. Oa 45. 0b 1. 44b 11.92b 13. 35b 0.1208
NO-R3 94. 4a 9. 5a 50. Oa 1. 40b 12. 90b 14. 30b 0.1084 21.51
NO-R4 98. 3a 11. 0a 51.5a 2.23a 19.01a 21. 26a 0.1172 15.13
NO-R5 93. 5a 9. 5a 45. 0a 1.52b 14. 30b 15. 82b 0.1071 22.45
NO-RO 89. Sa 11. 5a 56. 5a 1. 63b 13.35b 14.98b 0.1381
N2-R3 95. 3a 9. 0a 51. 0a 1. 62a 15. 16b 16. 77a 0.1068 0. 30
N2-R4 90. Oa 9. 5a 49. 5a 1. 21b 14. 62b 15. 82a 0. 0846 21.01
N2-R5 100. Oa 11. 0a 57. 5a 1. 98a 20. 73a 22.70a 0. 0950 11. 30
N2-RO 94. 7a 10. Oa 51. 5a 1. 75a 16. 34b 18. 09a 0.1071
N1 low nutrient concentration ; NO medium nutrient concentration ( ,CK);N2
high nutrient concentration; R3, R4, R5 3,4, 5cm » RO . The

diameters of the root bags were 3cm(R3), 4cm(R4), 5cm(R5) respectively and the height was 25cm. RO was control

without nylon bag; the same below
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Table 3 The effects of confined root system activity at e a __‘
different nutrient level at heading stage §§ i i ://’::
8 oue w34 2 %/:::;
20 e
55 2 [
= PO e
Tres TS A v = 2ed /t’oﬁ
Treatment o asa asasrsa?s4V K & é:::
R .
M) m) () (m/emH) (em?) BE RS %::
NI1-R3  5.78b  2.69a 46.6la 0.37b  15.6a 0 Nl N -‘-‘
NI-R4  7.70a  2.52a 32.75b 0.45a 17.1a Fe 5 AT Notrient level
N1-R5 6. 54a 3.03a  46.36a 0.33b 20. la
N1-RO 5.32b 2.05b  38.47b  0.32b 16. 7a
NO-R3 3.50b 1.45b  41.48a 0.19b 18. 4b 3
NO-R4 5. 86a 2.91a RYAF: 0. 25ab 3. 8a . X
N :l ’ ?61 ola %9 7la 25a 2‘? 8a Fig. 3 Effects of root confinement carbonhydrate
NO-R5 4.52a 2.32a 51.32a 0.29a 15.7b
NO-R0O 1. 94ab 1.08b  25.33b  0.33a 13. 0b content in stem and sheath reserve under different
N2-R3 2.68b  0.94b  35.06ab 0.16b  16.8a nutrient levels
N2-R4 2.78b 1.16ab 41.73a 0.18b 15. 4a ,
N2-R5 5. 45a 1.55a 28.46b 0.32a 17. 3a
N2-R0O 2.82b 0.89b  31.55ab 0.18b 15. 7a °
TSA Total surface area; ASA  Active surface area; (N2) R3 R4
VvV Volume, ,the same below 'R5
. (NO) s
s 0.33 m*/cm?, 3 (R3,R4,
R5) 0.19,0.25,0.29 m*/cm?, , . s
2.3.2 4 s s
(ND) s (NO) (N2) s
’ R4 b
s (R3,R5) ; R5
s 0 s 29.0%,R3.R4.
R5 35.8%.28.6%.45.4%,
b b o 4
N Table 4 The effects of confined root system activity at
3 different nutrient level at ripening stage
3.1
a 3 TS/ 1%
’ Treatment gy asa asa/rsa’SAY
; - Passioura B m) ) (%) (m/em®) (em®)
s y NI1-R3 7.97b 2.78ab 35.8b 0.29ab 27.8a
N1-R4 6.52b 1.86b 28.6b  0.25b 26. 8a
NI1-R5 6.96b 3.13a 45.4a  0.21b 33. 6a
° ’ N1-RO 11.31a 3.28a 29.0b 0. 34a 33. 7a
’ NO-R3 6.35a 2.63a 43.2a 0. 26a 24. 8b
NO-R4 7.65a 3.3la 44.2a  0.22a 35. 6a
NO-R5 7.36a 3.52a 48.1a 0.28a 25.9b
’ NO-RO  9.52a 3. 88a 42.8a 0.27a 35. 2a
s N2-R3 8.37a 3.98a 47.9a 0. 3la 27.3b
R N2-R4 8.97a 2.86b 31.9b  0.32a 27.9b
88 0. 1417 0.1372 N2-R5 9.44a 4. 25a 46.1a 0. 22a 43. 9a
’ : ’ N2-RO 11.60a 4.48a 38.5ab 0. 29 40. la

. 4951. 5 kg/hm?
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