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Rice�is�Vietnam’s�main�food�product,�accounting�for�around�45%�of�gross�production�of�food�crops.�
Vietnam�is�a�sustainable�rice�supplier,�the�world’s��fth-largest�rice�producer�and�the�second-largest�(after�
Thailand)� rice� exporter� in� the�world.�Recognizing� the� importance�of� the� role� of� rice�production� in� the�
national�economy�and�food�security,�the�reduction�of�the�major�greenhouse�gases�(GHGs)�(CH
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from�paddy��elds�has�been�paid�great�attention�by�the�Government�of�Vietnam�and�is�part�of�The�National�
Target�Program�to�Respond�to�Climate�Change.�The�GHGs�emission�from�rice�cultivation�and�its�negative�
effects�have�been�recently�studied.�The�main�research�results�of�methane�(CH

�
)�and�nitrous�oxide�(N

�
O)�

emission�from�paddy��eld�in�Vietnam�linked�to�global�warming�are�summarized�in�this�article.�We�also�
provide�a�comprehensive�review�of�some�potential�GHGs�emissions�mitigation�options.�
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2YHU�WKH�ODVW�����HDUV�9LHWQDP�KDV�EHHQ�WUDQVIRUPHG�IURP�D�QHW�ULFH�LPSRUWHU�WR�WKH�VHFRQG�ODUJHVW�
ULFH�H[SRUWHU�LQ�WKH�ZRUOG�ZLWK�PRUH�WKDQ����PLOOLRQ�WRQV�RI�ULFH�SURGXFHG�DQQXDOO���5LFH�SURGXFWLRQ�
DORQH�FRQWULEXWHG�����RI�WKH�JURVV�YDOXH�RI�DJULFXOWXUDO�RXWSXW�DQG�DERXW�����RI�WRWDO�DQQXDO�IRRG�
SURGXFWLRQ� �*62�� �������7KH� 5HG� 5LYHU� �HOWD� DQG� WKH�0HNRQJ� 5LYHU� �HOWD� DUH� FRQVLGHUHG� WKH�
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country’s�two�major�granaries,�occupying�15%�and�45%�of�rice�cultivation�area,�and�contributing�
DERXW�����DQG�����RI�QDWLRQDO�SDGG��RXWSXW��UHVSHFWLYHO���:RUOG�%DQN���������7KH�0HNRQJ�5LYHU�
�HOWD�� ZLWK� LWV�KLJK� OHYHO�RI� SURGXFWLYLW��� KDV� LQ� UHFHQW��HDUV� FRQWULEXWHG�KDOI� RI�9LHWQDP�V� WRWDO�
ULFH�SURGXFWLRQ�DQG�DERXW����SHUFHQW�RI�LWV�WRWDO�ULFH�H[SRUWV��:RUOG�%DQN��������*62���������2Q�
D� QHJDWLYH� VLGH�� ULFH�FXOWLYDWLRQ� FDQ�FRQWULEXWH� WR�FOLPDWH�FKDQJH� YLD�JUHHQKRXVH�JDVHV� �*+*V���
LQ�VSLWH�RI�LWV�IDLUO��PLQRU�FRQWULEXWLRQ�RQ�D�JOREDO�VFDOH��ULFH�FXOWLYDWLRQ�LV�D�VXEVWDQWLDO�VRXUFH�RI�
JUHHQKRXVH�JDVHV�DW�WKH�QDWLRQDO�VFDOH�

,,��&217(176

2.1.�Paddy��elds�in�Vietnam:�Signi�cant�source�of�methane�(CH
�
��DQG�QLWURXV�R�LGH��1

�
2��

HPLVVLRQ�

7DEOH�����XOWLYDWHG�ULFH�DUHD�ZLWK�GLIIHUHQW�ZDWHU�PDQDJHPHQW�UHJLPHV�LQ�5HG�5LYHU
DQG�0HNRQJ�5LYHU��HOWD�LQ�WKH��HDU������

�8�LW���L��LR���H�WDUH��

��RXU�H��:RU����D�N��������

7KH� WRWDO� DUHD�RI� ULFH�SDGG�� ODQG�LQ�9LHWQDP�LQFUHDVHG� IURP������PLOOLRQ�KD�LQ������WR������
DQG������PLOOLRQ�KD�LQ������DQG�������UHVSHFWLYHO���:RUOG�%DQN���������,Q�������WKH�DUHD�RI�ULFH�
SURGXFWLRQ�IHOO� WR�����PLOOLRQ�KD��*62���������,Q�������WKH�WRWDO�SODQWHG�ULFH�DUHD�ZDV�QHDUO������
PLOOLRQ�KD��RI�ZKLFK��������������DQG����ZDV�LUULJDWHG�LQ�ORZODQG�ULFH�DUHD��UDLQIHG�ORZODQG�ULFH��
�ood-prone� rice,�and�upland�rice,�respectively� (GSO,�2011).�Thus,�more� than�85%�of� the�annual�
cultivated�rice�area�in�Vietnam�is�paddy��eld.�These�rice��elds�provide�favourable�conditions�for�
�+

�
�DQG�1

�
2�SURGXFWLRQ�DQG�HPLVVLRQ��7KH�5HG�5LYHU��HOWD�KDV�WKH�ODUJHVW�SURSRUWLRQ�RI�LUULJDWHG�

ULFH�SDGG��DUHD�DW������ZKLOH�WKH�FRUUHVSRQGLQJ�UDWH�IRU�WKH�0HNRQJ�5LYHU��HOWD�LV�DURXQG������

)LJXUH����&RQWULEXWLRQ�RI�GLIIHUHQW�ULFH�V�VWHPV�EDVHG�RQ�K�GURORJ��LQ�9LHWQDP��*62�������

�JULFXOWXUH�LV�WKH�ODUJHVW�*+*�HPLVVLRQ�VRXUFH�LQ�9LHWQDP��5LFH�FXOWLYDWLRQ�LV�WKH�ODUJHVW�VRXUFH�
RI�DJULFXOWXUDO�*+*V�HPLVVLRQ���OWKURXJK�WKH�SURSRUWLRQ�RI�*+*�HPLVVLRQ� IURP�ULFH�FXOWLYDWLRQ�

Water�management�regime Red�River�Delta Mekong�Delta Total

Constantly��ooded�irrigation 1.957 2.353 4.310

Intermittently��ooded�irrigation 0.224 1.049 1.273

Rainfed 0.326 0.690 1.016

Total 2.507 4.092 6.599
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LQ�DJULFXOWXUH�VHFWRU�VOLJKWO��GHFUHDVHG�IURP������WR�������IURP�������WR���������WKH�DPRXQW�RI�
*+*�HPLVVLRQV�KDG�LQFUHDVHG�GXULQJ�WKH�VDPH�SHULRG�IURP�������7J��2

�
�HT�WR�������7J��2

�
�HT��

DFFRXQWLQJ�IRU�������RI�DJULFXOWXUDO�*+*V�RU�������RI�QDWLRQDO�*+*V��:RUOG�%DQN���������7KLV�
YDOXH�LV�H[SHFWHG�WR�UHDFK�

)LJXUH����3URSRUWLRQ�RI�*�*V�HPLVVLRQ�LQ�������&2��HTXLYDOHQW��IURP�WKH�DJULFXOWXUH�VHFWRU
LQ�9LHWQDP��:RUOG��DQN�������

�FFRUGLQJ�WR�,3���V�HVWLPDWLRQ���+
�
�emission�from�the�rice��elds�in�Vietnam�is�estimated�to�be�

����7J��U±��ZKLOH�WRWDO�1
�
2�HPLVVLRQ�IURP�RYHUDOO�FXOWLYDWHG�DUHD�LV�SXW�DW������7J��U�����81)�����

������� 86(3�� DSSOLHG� WKH� SRSXODWLRQ� JURZWK� UDWHV� WR� WKH� KLVWRULFDO� HPLVVLRQV� DWWULEXWHG� WR� ULFH�
cultivation,�to�develop�projections�at��ve-year�intervals�in�Vietnam.�The�samount�of�CH

�
�HPLVVLRQV�

IURP�ULFH�FXOWLYDWLRQ� LQ�9LHWQDP�KDV�FRQWLQXRXVO�� LQFUHDVHG�IURP�������7J� LQ������ WR�������7J�
and�1.998�Tg�in�2000�and�2010�respectively.�This�value�has�been�projected�to�be�2.111�Tg�in�2020�
�86(3���������

)LJXUH����(VWLPDWHG�&���HPLVVLRQV�IURP�ULFH�FXOWLYDWLRQ�LQ�9LHWQDP�SHULRG��������������86(3��������

In�Northern�Vietnam,�a�deni�cation�and�decomposition�(DNDC)�model�to�predict�CH
�
�HPLVVLRQ�

VRPH�LUULJDWHG�ULFH�EDVHG�V�VWHPV�DW���UHJLRQV�DORQJ�D�WUDQVHFW�LQ�WKH�5HG�5LYHU��HOWD��WKH�GHOWD�
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ORZODQG�� WKH� WUDQVLWLRQDO� PLGODQG� UDQJHV� DQG� WKH� PRXQWDLQRXV� UHJLRQV��� VKRZHG� WKDW� ,UULJDWHG�
GRXEOH�ULFH�FURSV�KDGWKH�KLJKHVW��+

�
�HPLVVLRQ�ZLWK�PHDQV�UDQJLQJ�IURP�����WR�����NJ���KD����

�+
�
�HPLVVLRQV�IURP��RQWLQXRXV�)ORRGLQJ���)��WHFKQLTXH�ZHUH�ORZHU�E��������DQG��������WKDQ���

DQG���0LGVHDVRQ��UDLQDJH��0���WHFKQLTXH�LQ�WKUHH�VLWHV�UHVSHFWLYHO���8SODQG�ULFH�LV�QRW�D�VRXUFH�
RI��+

�
,�since�it�is�grown�in�aerated�soils�that�never�become��ooded�for�a�signi�cant�period�of�time�

�9X�0�4��������

7DEOH�����+
�
�HPLVVLRQ�UDWH�IURP�LUULJDWHG�ULFH�EDVHG�V�VWHPV�XQGHU�VRPH�LUULJDWLRQ�WHFKQLTXHV�����

LQ�1RUWKHUQ�9LHWQDP��NJ��KD��HDU�

(CF:�continuous��ooding;�MD:�midseason�drainage;�nd:�not�determined),�(Vu�M.Q,�2006)

,Q�WKH�0HNRQJ�5LYHU��HOWD��D�VWXG��RI�ULFH�SURGXFWLRQ�ZLWK�OHVV�JUHHQKRXVH�JDV�HPLVVLRQV�LQ�
An�Giang�province�showed�that�the�volume�of�GHG�emissions�reach�its�highest�in��ooded�paddy�
�eld.�Differences�in�residue�recycling,�organic�amendments,�scheduled�short�aeration�periods,�soils,�
fertilisation,�and�rice�cultivars�are�major�causes�for�variations�of�CH

�
��uxes�in�irrigated�rice.�Highest�

�+
�
��uxes�are�observed�in��elds�receiving�organic�amendments.�Lowest�CH

�
��uxes�are�recorded�

in��elds�with�low�residue�recycling,�and�multiple�aeration�periods.�The�author�advised�to�combine�
WKH�WUHDWPHQW�RI�DOWHUQDWH�ZHWWLQJ�DQG�GU�LQJ���:����ZLWK�XVLQJ�WKH�OHDI�FRORU�FKDUW��/����WR�KDYH�
KLJKHU��LHOGV�DQG�OHVV�*+*�HPLVVLRQV��1JX�HQ��������

3UHGLFWLRQ�RI�1
�
2�HPLVVLRQ�IURP�LUULJDWHG�ULFH�EDVHG�V�VWHPV�DW���FDVH�VWXGLHV�DORQJ�WUDQVHFW�LQ�

WKH�5HG�5LYHU��HOWD�E���1���PRGHO�VKRZHG�WKDW�LUULJDWHG�GRXEOH�ULFH�FURSSLQJ�RU�VLQJOH�ULFH�FURSV�
UHFRUGHG�WKH�ORZHVW�1

�
2�HPLVVLRQ�ZLWK�PHDQV�UDQJLQJ�IURP�����������NJ�1�KD����ZKHUHDV�1

�
2�HPLV�

VLRQ�UDWHV�ZHUH�KLJKHVW�LQ�VXPPHU�ULFH�����DQQXDO�FURSV�V�VWHP�LQ�DOO�RI���FDVH�VWXGLHV�ZLWK�PHDQV�
JUHDWHU�WKDQ����NJ�1�KD����1

�
2�HPLVVLRQ�LQ���0��DQG��0��VFHQDULRV�LQFUHDVHG�E�������DQG��������

UHVSHFWLYHO���FRPSDUHG�ZLWK��)��EDVHOLQH�SUDFWLFH���9X�0�4��������

7DEOH����1
�
2�HPLVVLRQ�UDWH�IURP�LUULJDWHG�ULFH�EDVHG�V�VWHPV�XQGHU�VRPH�LUULJDWLRQ�WHFKQLTXHV�����

LQ�1RUWKHUQ�9LHWQDP��NJ1�KD��HDU��

(CF:�continuous��ooding;�MD:�midseason�drainage;�nd:�not�determined)�(Vu�M.Q,�2006)

Crop�system

The�transitional�midland�
ranges

The�delta�lowland
The�mountainous�

regions

CF �0� �0� CF �0� �0� CF �0� �0�

Spring�rice 47.0 23.0 15.3 78.7 51.0 41.0 nd nd nd

5L�H���5L�H 224.2 159.1 136.9 528.5 358.5 305.9 582.6 ��� 302.1

Summer�rice� 119.6 79.4 64.9 98.0 60.0 48.0 282.6 192.8 170.9

Summer�rice�-�1�annual�crop 131.8 84.5 68.8 ��� 330.8 286.4 ��� 88.5 72.8

Summer�rice�-�2�annual�crops 77.7 45.8 36.3 ��� ��� 214.0 nd nd nd

Rice�-�Rice�-�1�annual�crop 249.5 173.7 148.9 nd nd nd nd nd nd

Crop�system

The�transitional�midland�
ranges

The�delta�lowland
The�mountainous�

regions

CF �0� �0� CF �0� �0� CF �0� �0�

Spring�rice 2.5 2.5 2.7 2.9 3.3 4.3 nd nd nd

5L�H���5L�H 2.3 2.6 3.3 4.8 5.9 8.4 3.3 3.7 5.7

Summer�rice� 3.6 3.5 � nd nd nd � � 7.3

Summer�rice�-�1�annual�crop 11.8 11.6 11.9 6.4 6.7 7.6 10.1 9.9 11.7

Summer�rice�-�2�annual�crops 16.3 16.3 16.5 16.9 16.8 17.8 nd nd nd

Rice�-�Rice�-�1�annual�crop � 7.2 7.8 � 9.8 12.4 nd nd nd
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7KH��1���PRGHO�ZDV�XVHG�WR�SUHGLFW�DQG�DVVHVVLQJ��+
�
�DQG�1

�
2�HPLVVLRQV�IURP�ULFH�FXOWLYDWLRQ�

at�a�national�scale�under�continuous��ooding�(CF)�and�midseason�drainage�(MD)�scenarios.�CF�of�
rice��elds�resulted�in�annual�net�emissions�of�972-1,607�Gg�C�yr���DQG�������*J�1��U����7KH�JOREDO�
ZDUPLQJ�SRWHQWLDO� �*:3�� IRU�WKLV� VFHQDULR�ZDV�������7J��2

�
�HTXLYDOHQW��U��.�MD�of� rice��elds�

UHGXFHG� DQQXDO� QHW��+
�
� HPLVVLRQV� E�� DSS�� ���� WR� �������� *J��� �U����ZKHUHDV�1

�
2� HPLVVLRQV�

LQFUHDVHG�WR��������*J�1��U����FRUUHVSRQGLQJ�WR�LQFUHDVHV�RI������IRU�WKH�PLQLPXP�DQG�����IRU�WKH�
PD[LPXP�YDOXH���,Q�WHUPV�RI�*:3��WKLV�PDQDJHPHQW�VFHQDULR�GHFUHDVHG�JUHHQKRXVH�JDV�HPLVVLRQV�
WR�������7J��2

�
�HT��U����FRUUHVSRQGLQJ�WR�����DQG����GHFUHDVH��UHVSHFWLYHO����

Table�4.�Total�GHG�emission�from�rice��eld�under�different�water�management

7KH� PDS� RI� *:3� LQ� WKH� 9LHWQDPHVH� ULFH� V�VWHPV� VKRZHG� WZR� UHJLRQDO� KRWVSRWV� �� KH� 5HG�
5LYHU��HOWD� LQ� WKH�1RUWK��DQG� WKH�0HNRQJ�5LYHU��HOWD� LQ� WKH�6RXWK��7KH�UHJLRQV�ZLWK�KLJK��+

�
�

HPLVVLRQV�ZHUH�FKDUDFWHUL]HG�E��KLJK�WHPSHUDWXUH�DQG�KLJK�VRLO�RUJDQLF�FDUERQ�FRQWHQW�DQG�OLJKW�
WH[WXUH��0HDQZKLOH��KLJK�1

�
2�HPLVVLRQV�RFFXUUHG�LQ�WKH�UHJLRQV�GRPLQDWHG�E��XSODQG�DQG�UDLQIHG�

rice�ecosystems�with�high�content�of�soil�organic�carbon.�MD�showed�a� signi�cant� reduction� in�
JUHHQKRXVH�JDV�HPLVVLRQV�IURP�ULFH�DQG�FDQ�EH�VHHQ�DV�D�SURPLVLQJ�PLWLJDWLRQ�VWUDWHJ��LQ�9LHWQDP�
�9X�0�4��������

�����0LWLJDWLRQ�SRWHQWLDO�RI�&�
�
�DQG�1

�
2�HPLVVLRQ�IURP�ULFH�SURGXFWLRQ�

�������5HGXFLQJ�PHWKDQH�HPLVVLRQV

Studies�by�the�International�Rice�Research�Institute�(IRRI)�show�that�growing�rice�in��ooded�
�elds�is�a�highly�sustainable�practice�where�soil�health�can�be�maintained.�Water-saving�technolo�
gies�such�as�alternate�wetting�and�drying�(AWD)�reduce�the�amount�of�time�rice��elds�are��ooded�
DQG�FDQ�UHGXFH�WKH�SURGXFWLRQ�RI��+

�
�E��DERXW���������,55,�LV�SURPRWLQJ��:��DV�DQ�DOWHUQDWLYH�

PDQDJHPHQW�SUDFWLFH��VHH�7DEOH���DQG�UHIHUHQFHV�LQ�WKH�IRRWQRWH��

7DEOH����3RWHQWLDO�RSWLRQV�IRU�WKH�UHGXFWLRQ�RI��+
�
�emissions�in�rice��elds

Note:�Values�in�parentheses�are�reduction�effects�for�each�mitigation�practice�or�modi�ed�crop�management.
(Wassmann�et�al,�2000�&�2007).

Total�emission
Continuous��ooding Midseason�drainage

Clay
max

SOC
max

Clay
max

SOC
max

&+
�
�emission�(Gg�C�yr-1) 972.0 1,607.0 497.0 819.0

1
�
O�emission�(Gg�N�yr-1) 16.0 72.0 34.0 104.0

GWP�(Gg�CO
�
�eq�yr-1) 37,238.0 82,708.0 31,289.0 73,611.0

Management�Practice
Continuous�Flooding,
Organic�Amendment

Mid-season�Drainage,
Organic�Amendment

Continuous�Flooding,
No�Organic�Amendment

Alternate�wetting�
and�drying�(AWD)�
management

Mid-season�drainage
(7-44%)

-
Mid-season�drainage

(15-80%)

Alternate��ooding/�
drying�(59-61%)

Alternate��ooding/
drying�(21-46%);�Early/dual�

drainage�(7-46%)

Alternate��ooding/
drying�(22%)

Organic�amendments
Compost�(58-63%) Biogas�Residues�(10-16%) -

Phosphogypsum

Mineral�amendments
(27-37%) -

Phosphogypsum�(9-73%);�
(NH

�
)2SO

�
�(10-67%);�

Table�urea�(10-39%)

Straw�management -
Fallow�incorporation�(11%);��

Mulching(11%)
-

Crop�establishment
Direct�wet�seeding

(16-22%)
- -
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�������5HGXFLQJ�QLWURXV�R�LGH�HPLVVLRQV

In�Vietnam,�the�ef�ciency�of�nitrogen�fertilizer�use�in�rice�cultivation�is�around�35-40%�only.�
The� site-Speci�c� Nutrient�Management� (SSNM)� approach� with� the� leaf� color� chart� (LCC)� can�
increase�nitrogen�use�ef�ciency�to�50�percent�or�even�higher�so�as�to�prevent�unwanted�N�losses�
DQG�WKHLU�VHULRXV�LPSDFWV�RQ�WKH�HFRV�VWHP��8QGHU�WKH�6610�DSSURDFK�LQ�WKH�5HG�5LYHU��HOWD��WKH�
DPRXQW�RI�IHUWLOL]HU�1�ZDV�UHGXFHG�E��DERXW�����DQG�PHDQ�DQQXDO��LHOG�RI�ULFH�LQFUHDVHG�E������W�KD�
compared�with�the�existing�farmers’�fertilizer�practices�(Buresh�et�al,�2005).�The�results�of�rice��eld�
H[SHULPHQWV�DQG�GHPRQVWUDWLRQ�WULDOV�FRQGXFWHG�DW����VLWHV�LQ�WKH�0HNRQJ�5LYHU��HOWD�VKRZHG�WKDW�
SSNM�increased�fertilizer�use�ef�ciency�by�10%�and�increased�grain�yield�by�5-8%�compared�with�
IDUPHUV�SUDFWLFHV��%XUHVK�HW�DO���������8VH�RI�RQ�IDUP�GDWD�LQ�WKH�0HNRQJ�5LYHU��HOWD�ZLWK��1���
PRGHO�VXJJHVWHG�WKDW�WKH�XVH�RI�6610�FRXOG�UHGXFH�*:3�DVVRFLDWHG�ZLWK�UHGXFHG�HPLVVLRQV�RI�
1

�
2���D�JUHHQKRXVH�JDV���SHU�XQLW�RI�JUDLQ��3DPSROLQR�HW�DO���������

�:��PD��UHGXFH��+
�
�HPLVVLRQV�EXW�WKH�SUDFWLFH�FDQ�LQFUHDVH�WKH�SURGXFWLRQ�RI�1

�
2��DQRWKHU�

JUHHQKRXVH� JDV�� ZKLFK� LV� ���� WLPHV�PRUH� SRWHQW� WKDQ� �2
�
��7R� PLWLJDWH� WKH� SURGXFWLRQ� RI� 1

�
2��

ZDWHU�VDYLQJ�WHFKQRORJLHV�PXVW�EH�DFFRPSDQLHG�E��JRRG�QXWULHQW�PDQDJHPHQW��5HGXFLQJ�IHUWLOL]HU�
ZDVWDJH�FRQFRPLWDQWO��UHGXFHV�WKH�DPRXQW�RI�H[FHVV�QLWURJHQ�LQ�WKH�VRLO�ZKLFK�LQ�WXUQ�UHGXFHV�1

�
2�

HPLVVLRQV��:DVVPDQQ�HW�DO���������

,,,��&21&/86,216

Rice�production�plays�a�signi�cant�role�in�the�global�source�of�GHGs.�Anaerobic�decomposition�
in�rice��elds�results�in�the�release�of�substantial�amounts�of�CH

�
�LQWR�WKH�DWPRVSKHUH��:KLOH��+

�
�LV�

WKH�PRVW�LPSRUWDQW�FRPSRQHQW�RI�WKH�*:3�IURP�ULFH�SURGXFWLRQ��WKH�LQWHUDFWLYH�QDWXUH�RI�QLWURJHQ�
cycles�in�rice��elds�demands�a�consideration�of�the�other�GHGs,�namely�N

�
2��LQ�YLHZ�RI�IXOO�*:3�

DFFRXQWLQJ���OWHUQDWH�ZHWWLQJ� DQG�GU�LQJ� ��:��� WKDW� LV� DQ� DOWHUQDWLYH� PDQDJHPHQW�SUDFWLFH� IRU�
LUULJDWLQJ�ULFH�FDQ�UHGXFH�WKH�SURGXFWLRQ�RI��+

�
�E��DERXW���������1

�
2�HPLVVLRQV�FDQ�EH�PLWLJDWHG�

XVLQJ�DQ�DSSURSULDWH�FRPELQDWLRQ�RI�QLWURJHQ�DSSOLFDWLRQ�DQG�LUULJDWLRQ�WLPLQJ���RPELQLQJ�ZDWHU�
VDYLQJ� DQG� QXWULHQW� PDQDJHPHQW� WHFKQRORJLHV� FDQ� PDLQWDLQ� �LHOGV� DQG� UHGXFH� JUHHQKRXVH� JDV�
emissions�from�rice��elds,�while�simultaneously�reducing�costs�and�conserving�valuable�inputs.

5()(5(1&(6

%XUHVK�5�-�������Environmental�impact�and�economic�bene�ts�of�site-speci�c�nutrient�management�
�6610��LQ�LUULJDWHG�ULFH�V�VWHPV���JULFXOWXUDO�6�VWHPV���������

General�Statistics�Of�ce,�2009.�6WDWLVWLFDO��HDUERRN�RI�9LHWQDP��6WDWLVWLFDO�3XEOLVKLQJ�+RXVH��+DQRL�

86�(3��������(PLVVLRQV�DQG�3URMHFWLRQV�RI�1RQ�&2
�
�*UHHQKRXVH�*DVHV�IRU��HYHORSLQJ�&RXQWULHV��

���������.�Of�ce�of�Air�and�Radiation,�USEPA,�Washington,�D.C.�Available�in�http://www.epa.
JRY�QRQ�2

�
�HFRQ�LQY�SGIV�GUDIWGHYHORSLQJFRXQWULHV�SGI

9X�0�4��� ��������0RGHOLQJ�0HWKDQH� �&�
�
�� DQG�1LWURXV�2�LGH� �1

�
2�� (PLVVLRQV� IURP�&URSSLQJ�

6�VWHPV�LQ�9LHWQDP��5HJLRQDO�&DVH�6WXGLHV�DQG�8SVFDOLQJ�IRU�5LFH��0DVWHU�7KHVLV���JULFXOWXUDO�
6FLHQFH�DQG�5HVRXUFH�0DQDJHPHQW�LQ�WKH�7URSLFV�DQG�6XEWURSLFV���576����8QLYHUVLW��RI�%RQQ��

Wassmann�R,�Jagadish�SVK,�Peng�SB,�Sum�eth�K,�Hosen�Y,�Sander�BO.�2010.�5LFH�SURGXFWLRQ�DQG�
JOREDO�FOLPDWH�FKDQJH��VFRSH�IRU�DGDSWDWLRQ�DQG�PLWLJDWLRQ�DFWLYLWLHV��,55,�/LPLWHG�3URFHHGLQJV�
1R������/RV�%DxRV��3KLOLSSLQHV���,QWHUQDWLRQDO�5LFH�5HVHDUFK�,QVWLWXWH�����S��
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:RUOG�%DQN���������3RWHQWLDO�FOLPDWH�FKDQJH�PLWLJDWLRQ�RSSRUWXQLWLHV�LQ�WKH�DJULFXOWXUH�DQG�IRU�
HVWU��VHFWRU�LQ�9LHWQDP��%DFNJURXQG�3DSHU���������DUERQ�)LQDQFH��VVLVW�3URJUDP���9LHWQDP��
1RY������

5HFHLYLQJ�GDWH�����������
5HYLH�LQJ�GDWH�����������
5HYLH�HU���U��*UDQW�6LQJOHWRQ
�SSURYHG�IRU�SXEOLVKLQJ�GDWH�����������
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�%675�&7

After�10�years�of� research�and�application�of�biotechnology� in�breeding�maize�hybrids,� the�Maize�
Research�Institute�has�gained�several�remarkable�achievements.�Most�notably�in�developing�the�doubled�
haploid� (DH)� breeding� technology,� and� applying�molecular� markers� to� analyse� genetic� diversity� and�
resistant� ability� of�maize� inbred� lines.�A�nursery� of�DH� lines� was� established� for� the� development� of�
commercial�maize�hybrids�with�high�yield,�good�stress�tolerance,�such�as�LVN145,�LVN146,�LVN092,�and�
other�commercially�desirable�traits.�A�system�of�molecular�markers�has�been�established�to�effectively�
analyze�genetic�diversity,�cluster�heterotic�groups,� improve�maize�materials� resistance� to���L�R�WR�LD�
�R�D�L,�and�evaluate�drought�tolerance�ability.�Some�new�varieties�were�created�using�biotechnological�
techniques�that�have�been�applied�in�cultivation�and�have�partly�contributed�to�improving�yield,�productivity�
and�production�ef�ciency�of�maize�production.�

.H�ZRUGV��Biotechnology,�anther�culture,�DH�line,�genetic�diversity,�maize�breeding
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%LRWHFKQRORJ��LV�RI�KLJK�LPSRUWDQFH�LQ�GHYHORSLQJ�DJULFXOWXUH�LQ�JHQHUDO�DQG�PDL]H�LQ�SDUWLFXODU��
7KH�0DL]H�5HVHDUFK�,QVWLWXWH�KDV�FDUULHG�RXW�VWXGLHV�RI�WKH�DSSOLFDWLRQ�RI�ELRWHFKQRORJ��LQ�EUHHGLQJ�
PDL]H�K�EULGV�DV�IROORZV�

��6WXG�LQJ�WKH�DSSOLFDWLRQ�RI�GRXEOHG�KDSORLG�OLQH�GHYHORSLQJ�WHFKQRORJ���

��8VLQJ�PROHFXODU�PDUNHUV�WR�DQDO�VH�JHQHWLF�GLYHUVLW���FOXVWHULQJ�RI�KHWHURWLF�JURXS��DQG�GURXJKW�
DQG�GLVHDVHV�WROHUDQFH�DPRQJ�PDWHULDOV��

�� �HYHORSLQJ� QHZ� KLJK� �LHOG� PDL]H� K�EULGV� WKURXJK� FRPELQLQJ� WUDGLWLRQDO� PHWKRGV� DQG�
ELRWHFKQRORJLFDO�PHWKRGV�

�IWHU�����HDUV�RI�UHVHDUFK�DQG�DSSOLFDWLRQ��WKH�0DL]H�5HVHDUFK�,QVWLWXWH�KDV�JDLQHG�UHPDUNDEOH�
DFKLHYHPHQWV�LQ�PDL]H�YDULHW��EUHHGLQJ��
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