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Abstract: There is certain threshold value of boron for a plant, below which a deficiency symptom will de-
velop, and above which toxicity symptoms appear. A special attention is paid to boron among the essential
mineral nutrients because the range between deficiency and excess is narrow. The proper boron input is
closely related to the long-term stability of agro-ecosystems. From this perspective, the study on the in-
put, output, cycling and balance of boron plays an important role in determining and optimizing the proper
amount of boron fertilizers to be applied to various crops and in different cropping patterns.

The aim of the experiments reported in the paper was to analyse boron content of rainfall, irrigation
water, various fertilizers and crops in agro-ecosystems of the Jianghan plain, Hubei Province, and was to
estimate the balance of boron in systems. In order to search for the balance of boron, the major eight crop-
ping systems were established from April 1997 to May 1999. The major typical eight types of cropping sys-
tems were as follows: (i) wheat-rice rotation, (ii) rice-rice rotation, (iii)rapeseed-soybean rotation, (iv)
rapeseed-peanut rotation, (v) wheat-sesame rotation, (vi) wheat-cotton rotation. (vii)pepper-cabbage ro-
tation, (viii) radish-eggplant rotation.

Soil and plant samples were collected from eight testing plots. In each plot, 6 soil samples. and 6
samples of each of five different parts of the cropped plant (roots, stem, leaves, seeds and fruits) were

collected and analyzed separately. Rain-fall was collected twice every two weeks. Runoff and leaching wa-
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ter was collected four times a month. Boron analyses were preformed according to analytical standards.,
using the Goldman curcumin colorimetric methods for boron in plant and soil, ICP method for low content
of boron in water.

Results of chemical analysis showed that boron contents of water ranged 11.2 to 52.1 pg « L', aver-

1

age 31.4pg + L', Boron contents of organic fertilizers (manure 95. Img * kg ', compost 104mg * kg ')
were higher than those of inorganic fertilizers (0.12~2.45mg * kg™ '). In the surveyed villages, the out-
put amount of boron through harvests in various plants was showed below according to the order of signifi-
cance; cabbage (256g « hm ?) > radish (227g » hm™*) >rapeseed (215g * hm ?) >>cotton (201g * hm™ %)
>rice (139g « hm™*) >eggplant (114g » hm™*) >soybean (108g * hm™*) >wheat (98g « hm™*) >
sesame (93g » hm™?) > peanut (85g * hm ™ *) >pepper (70g * hm ?).

An estimate of the total boron balance in the ecosystems showed that boron was mainly imported into

+a 'and 48. 8% of the total boron

2

the cropping systems with rainfall water, accounting for 338g *« hm™
entering the eight cropping systems (range 19. 6% to 82.0%). Organic fertilizers represented a significant
boron input to radish-eggplant rotation (67. 4% of total boron), and pepper-cabbage rotation, where more
than 76.3% of boron was imported through organic fertilizers. For wheat-rice and rice-rice rotation,
boron was imported with organic fertilizers,accounting for 29. 3% of total boron input (range 19.5% to
39.0%) in paddy rice field. Boron import accounted for 9. 8%, 7. 6%, 0. 2%, respectively, through irriga-
tion water, return of straws, seeds and / or seedlings input.

The aggregated data on the boron lost by the system through the harvest were listed in table 7 for
eight cropping systems. Harvested boron ranged from 192g/hm? in the wheat-sesame rotation system to
341g/hm?* in the radish-eggplant rotation system, accounting for 44. 8% ~64.7% of the total boron out-
put. Leaching boron ranged from 132g/kg in the radish-eggplant rotation system to 234g/hm?* in the rice-
rice rotation system, accounting for 25% ~41.4% of the total boron output. Body runoff boron ranged
from 52g » hm ™ ?in the rapeseed-soybean rotation to 108g * hm ™ ?in the rice-rice rotation system, account-
ing for 9.2% to 17.4%.

The boron balance was positive in the pepper-cabbage and radish-eggplant rotation systems, where
the yearly cycle ended with surplus of 1201g « hm ™ ?and 714g * hm ™ ? respectively because of enough organ-
ic fertilizer import. There was surplus in the wheat-rice, rice-rice rotation system in paddy field because of
using organic fertilizer. For rapeseed-soybean rotation system, there was more surplus because of boron
fertilizer input (944 B g » hm ?). On the other hand, the balance of boron was negative, in rapeseed-
peanut., wheat-sesame, wheat-cotton rotation systems in the four upland fields because of no organic and
boron fertilizer input. As previously stated, the data we had tested show that the availability of boron in
the future will become a limiting factor for agricultural productivity in the upland field without organic and
boron fertilizers input, particularly for vegetables, rapeseed, and cotton, whose boron requirement is par-
ticularly high.

Key words: Jianhan plain; farmland ecosystem; boron; input and output; balance
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Table 1 Physical and chemical properties of soil in eight cropping systems

Area Mechanical analysis (mm. %)
Cropping system (m?) Soils >0.02 0.02~0.002  <C0.002 Texture
A - 976 CAL x 49. 4 34.0 16. 6 Loam
Wheat-rice
B - 560 CAL 46. 8 47.5 15.7 Loam
Rice-rice
C - 873 CAL 54. 6 33.5 11.9 Sand loam
Rapeseed-soybean
D - 633 CAL 67.3 26.2 6.5 Loam
Rapeseed-peanut
E - 780 CAL 44. 6 37.1 15.9 Loam
Wheat-sesame
F - 627 CAL 43.3 44.8 11.9 Loam
Wheat-cotton
G - 1167 CAL 44. 3 38.9 16.8 Loam
Pepper-cabbage
H - 853 CAL 49.8 37.5 12.7 Loam
Radish-eggplant
N P K CEC B B
CaCOs
Cropping pH Org. M Tot N Tot P Tot K (cmol(+) . Tot B Av.B
system (gekg ™ (gekg™ (gekg™ (g.kg™)) kgD (e ke )(mg°kg’l) (mg * kg™ 1)
A 8. 29 14. 3 0.79 0. 85 18. 3 18. 4 27.7 50.9 0. 32
B 7.75 13.2 3.33 0.77 16. 1 16.5 14.5 57.9 0. 35
C 8. 25 6. 15 1. 00 0.61 18.1 9.2 28.3 64.7 0. 39
D 8. 15 5.41 0. 85 0. 66 16.9 17.6 Sil7 54. 4 0.22
E 8. 39 6.76 1. 14 0.78 18.7 18.9 1S 57.2 0. 38
F 8.23 10.7 1.42 0. 67 21.7 16. 8 24.1 36. 0 0.21
G 7.57 11.1 1.49 1.16 18.2 19.2 19.9 59.4 0. 45
H 7. 86 10. 2 1.21 0. 89 2185 18. 6 24.9 69.7 0.41
* CAL-Calcareous alluvial loam
2.1.2 B 2 2 B (mg » kg™
B s B Table 2 Boron contents in different fertilizers
° B 3 B B
Sample n
2589kg. hm 2% B range B content
B 258g * hm~2, Manure 20 43.1~260.5 95.1
) 10. 8t » hm-2, B Compc‘)slt 10 52.2~296.6 104
N fertilizer 10 0.82~2.12 1.62
1076g * hm *, . P fertilizer 10 0.94~2.45  1.86
B 0.12~2.45mg * kg™', , Complex 10 0.67~2.32 1.52
R B KCl 5 0.12~0. 34 0.22
0.9~3.1g * hm ?%, B s
B - B .B 678g + hm 2,
2.1.3 B 8 B
7, ) B 0.2~2.2g » hm ?*,

»8 B 11.8~108g * hm™ 7, 51g « hm %,
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Table 3 Irrigation amount and input of fertilizer and boron Table 4 Dry matter (kg + hm™*) and boron Contents(mg

Lo . * kg”!) and harvested amount (g + hm~?) in different
in eight cropping systems

parts of eleven plants

Irrigation Org. Inorg.
. B B
Cropping B B B Crop
system  Amount B input Amount B input Amount B input n  Dry matter B content B harvest
Rice
A 4180 109 1278 128 1358 2.2
Grain 18 7636  5.88  44.9
B 6000 156 3900 388 1716 2 Straw 18 5985 17.9 94.6
C 2200 57 1200 120 944 1.3 Root 18 1246 14.5 18.1
D 2000 52 0 0 1864 3.1 Remains 18 1993 17.9  35.7
Wheat
E 1200 31 0 0 19T z.3 Grain 18 2836 2.57 7.3
F 2600 68 0 0 1751 2.9 Straw 18 3665 22.8 83. 6
G 2000 58 13200 1315 538 0.9 Root 18 476 30.8 14.7
Grain husk18 350 21.4 7.5
: 00 . _
H 1800 o2 84 837 933 1.6 Remains 18 481 22.1 10. 6
Cotton
B 7 7 ’ Stem@bur 6 6160 24.9 153
8 B B Root 6 730 12.7 9.3
Seed 6 1801 9.11  16.4
o B Fibre 6 1215 18.6  22.6
B . Remains 6 1145 16. 2 18.5
., Rapeseed
B , 5g + hm™?, Grain 12 2434 22.0 53.5
8] Stem 12 4431 24.0 106
° Root 12 367  8l1.1 29.8
2.3 B Pod shell 12 453 56. 4 25.5
‘mains y 2 5
2.3.1 B B Remains 12 2048 12. 6 25.8
Peanut
« 4.B Kernel 12 2412 12.1 29.2
_ Stem 12 1563  12.3 19.2
1
’ B 2.57mg. kg B Root 12 606 23.2 14.1
81.1mg « kg ', B , Pod shell 12 967  23.7 22.9
B Remains 12 603 8. 14 4.9
B ’ ’ Soybean
[12.17] B A Kernel 18 2021 19.5 39. 4
Stem 18 1488  20.6 30. 7
B ) Root 18 365 18.0  6.57
3 Pod shell 18 1138 27.3 31.1
Remains 18 867  33.5 29.0
B B Sesame
,Shorrocks™® . . . . . Grain 6 936 12.7 11.9
Stem 6 2363 30.0 70.9
. . . ) B Root 6 476 21.8 10. 4
=2 Remains 6 587  26.5 15.6
100g « hm 2, ( . Cabbage
)B 300g * hm™?, . Leave 10 4266 58.6 250
B Root 10 212 27.2 5.76
’ Radish
B , B Root 6 1891 35.3 66. 7
_ Leave 6 2767 57.8 160
( 5> B Eggplant
s 97.7%, »  45.3%, Fruit 10 1475 29.6  43.7
. Stem 10 2163 27.0 58. 4
7.4% ., B Root 10 610 19.9 12.1
. 256g.hm?, 69. 6g. hm 2, Pepper
Fruit 10 1810 12.7 31.5
B > > > Stem 10 965  29.9 34.4

> -~ >~ -~ -~ -~ -~ i Root 10 148 21.8 3.70
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2.3.2 B 5 11 B (g + hm™?)
s s 8 Table 5 Boron output of eleven plants through harvests
6,8 Crop a b a/b(%)
Rice 44.9 139 32.2
m;.z(,f ’ Wheat 7.3 98. 4 7.4
’ Cotton 39 201 19.4
B Rapeseed 53.5 215 24.9
o Peanut 29.2 85.4 34.2
2.4 B Soybean 39.4 108 36.5
7 , 8 Sesame 11.9 93.2 12.8
B ) Cabbage 250 256 97.7
Radish 66. 7 227 29.4
’ > Eggplant 43.7 114 38.3
, B ) ) B Pepper 31.5 69. 6 15. 3
° 4 C N a. B B output through economic products (g
B > B ; E . hm2) b, B B total output through
- B s harvests(g « hm™—?)
B .B o D 6 8 (t + hm™?%) (t -
- F - s B hm? B (g + hm=2)
s B s Table 6 Amount(t + hm~—?) and boron output(g « hm—2) by
B . runoff and leaching in eight cropping systems
3 Runoff Leaching
B s Cropping
R B . . System Amount Content Output Amount Content Output
. ( ) . 3 A 2650 0.027 71.6 3643  0.052 189
B 4168 0. 026 108 4868  0.048 234
’ B ’ C 1865  0.028 52.2 3962 0.049 194
B 338g+hm . B 19.-6% 1901 0.029 55.1 3882 0.048 186
~82.0%, 48.8% s E 1922 0.031°.59. 6 4052 0.044 178
H 1892 0.030 56.8 3682 0.048 177
B , B . G 1742 0.034 59.2 3262 0.044 144
H 1689 0.032 54.0 3154  0.042 132
1t « hm 2. 9 B . Content(mg « L™ 1)
B 67.4%~76.3%, 71.9%. B .
( 30%0), B 19.5%~39.0%, 29.3%,
C - , B 678 +hm*, B 54.2% .
, B B 3.4%~16.6%, 9.8%. B
B 0.7%~14.9%, 7.6% . B B 0.2%
, o
B »8 B 44. 8% ~
64.7%, 53.9%., B s 25.0%~41.4%, 33.9%.B
B 9.2%~17.4%, 12. 2%, s G -
JH - s s B s (
) 11t. hm 2, B ., s B .B .
A - B - s 30% 1/3 s B



526 22

. 3~5t « hm * . B NN B (3.0kg

* hm™* ), N.P.K , B o

7 8 B (g » hm %)

Table 7 Boron balance of farmland ecosystem(g « hm™?) in eight cropping systems

Item A B C D E F G H
Input

1. Org. 128 388 120 0 0 0 1315 837

2. Inorg. 2.2 2.9 1.3 3.1 2.3 2.9 0.9 1.6

3.B B fertilizer 0 0 678 0 0 0 0 0

4. Rainfall 338 338 338 338 338 338 338 338

5. Irrigation 109 156 57 52 31 68 58 52

6. Seed 1.5 2.2 0.5 0.3 0.5 0.5 0.2 0.3

7. Remains 78.5 108 54. 8 30.7 40. 3 71.7 11.8 12.2

8. Total 657 995 1250 427 412 481 1724 1241

Output

9. Runoff 71.6 108 52.2 55.1 59. 6 56. 8 59.2 54.0

10. Leaching 189 234 194 186 178 177 144 132

11. Harvest 237 278 323 300 192 299 320 341

12. Total 498 620 569 541 430 533 523 527

Profit &. loss +159 +375 +681 —114 —18 —52 +1201 +714

[1] QinZP( ), Xu Q( ), Xiong Y ( ) set al. Nutrient cycling in wheat-rice and barley-rice rotation sys-
tems of the Tai Lake region I, Removing and remaining of nutrients in the cereal grasses. Acta Ecologica Sinica
(in Chinese) ( ),1988,8(1):10~17.

[2] Wang X X( ),Zhang T L( ), Zhang B( ). Nutrient cycling and balance of sloping upland ecosys-
tems on red soil. Acta Ecologica Sinica(in Chinese) ( ),1999,19(3):335~341.

[3] LinKF, Xiang Y L. Liu X F,et al. Loss of nitrogen, phosphorus, and potassium through crop harvests in agro-
ecosystems of Qianjiang, Hubei Province, P. R. China. Critical Reviews in Plant Sciences, 1999, 18 (3) : 393~
401.

[4] Chen] X( ), Liu HH ( ). Studies on nitrogen cycling in cotton field ecosystems. Acta Ecologica Sini-
ca(in Chinese) ( )+1998,18(4):348~352.

[5] Cao GM ( ),Zhang J X ( ), Bao X K( ) set al. The phosphorus cycling in an alpine meadow e-
cosystem. Acta Ecologica Sinica(in Chinese) ( ),1999,19(4):514~518.

[ 6] Zhang J X( ) Cao G M( ). The nitrogen cycle in an alpine meadow ecosystem. Acta Ecologica Sinica
(in Chinese) ( )51999,19(4):509~512.

[ 7] LuoL G( )y Wen D Z( )+ Shen S M ( ). Nutrient balance in rice field ecosystem of northern
China. Chinese Jowrnal of Applied Ecology(in Chinese)( ).1999.10(3) : 301~ 304.

[ 8] Cao C G( ), Cai C F( )» Zhang G Y ( ) set al. Boron balance in agroecosystem on brown~red
soil of south Hubei Province. Chinese Journal of Applied Ecology(in Chinese) ( ), 2000, 11(2)
228~230.

[ 9] Qian ] H( ), Xie X C( ), Xie Y F( ). Balance and adjustment of zinc in paddy field ecosystem.



4 B 527

Acta Ecologica Sinica(in Chinese) ( ),1992,12(2):161~167.

[10] Liu Z( ).Zhu Q Q( ), Tong L. H( ). Boron-deficient soils and their distribution in China. Acta
Pedologica Sinica(in Chinese) ( )51980,17(3):228~239.

[11] ZouB]J( ). Effect of micronutrients boron and zinc on crop nutrient balance. Chinese Journal of Applied E-
cology(in Chinese) ( ),1992,3(3):280~285.

[12] Liu p( ), Wu J Z( ), Yang Y A( ). The research development of boron in Soil and its effect in
plant. Agro-environmental Protection (in Chinese) ( ), 2000, 19(2): 119~122.

[13] Shorrocks V M. The occurrence and correction of boron deficiency. Plant and Soil, 1997, 193 : 121~148.

[14] Bell R W. Diagnosis and prediction of boron deficiency for plant production. Plant and Soil, 1997, 193:149~

[15]
[16]
[17]
[18]

[19]

[20]

168.

Nielsen F H. Boron in human and animal nutrition. Plant and So0il,1997.193:199~208.

Nable R O, Banuelos G S, Paul J G. Boron toxicity. Plant and Soil, 1997,193:181~198.

Gupta U C, Jame Y W, Campbell C A,et al. Boron toxicity and deficiency: a review. Canadian Journal of Soil
Science,1985,65(3) :381~409.

LiJ., Mario G, Gianni P,et al. Trends of technical changes in rice-based farming systems in southern China : case
study of Qianjiang municipality. Critical Reviews in Plant Sciences, 1999 , 18(3):283~297.

Lin K F ( ), Xu X Q ( ), Xiang Y L( ) et al. Manganese cycling and balance in farmland e-
cosystem of Jiang Han plain in Hubei Province. Chinese Journal of Ecology(in Chinese) ( ) 2001,20
(5):1~4.

Cao C G( )+Zhang G Y ( )sWang Y H( ) et al. Distribution,removing and regulation of boron
in brown-red soil in the hilly region of south Hubei Province. Acta Pedologica Sinica (in Chinese) ( )

2001,38(1):96~103.



