
NERA) PROJECT TbCI-NOL.i DOOJMENrATION SERIES 

4OKIN'G P. 'R NO. T4* 

* PRE-RIC-CROP GREN NIANufING: A TEtJINOLOGY FOR SOIL
* JMPROVUt4ENT UNDER RALNFED LONOITIONS IN NOR'MEAST THLILAND * 

Northeast Ra.'rifed Agricultura'. [evelopment Project (NEPAD),
Nortneast Regional.Office of Agriculturr,


Tha Phra, Yhon Kaen 40260, Thailand.
 
May, 1987.
 

Preparea by:
 

lain A. Craig, Farming/Cropping Systems Specialist, NERAD Project
 

* Other papers in this series are listed in Appendix I of this
 
report an5 are available free of charge 
 from the Project

Director.
 



PRE-RIC C" ROP GRfh1-:±%ANJRING: A ILWTYJLOGY FOR SOIL IMPROVIEMENT
 
UNIt~k RAIeFtIU cONUIJIONS IN M)RIMiEASI THAI LAND
 

iaAQ\ GROUNIn -NU JUSl FICATION: 

both oi tne major annual crops grown in Nortfieast Tn:'iland 
ard traJitioi:.Ily cuttivated yuar aiter year with little or no 
fertilizer plication. bot: are extnemel'; etficient at removing
nutrients co.u tnLosoil: buotinet',cd rice doe to its ability to
 
grow undiJ reducer, water-lo: ;d ,conditions wiocreny n-utrient
 
availaoility is increascu, ;an 
 ctssva oL irtue of its plySio
logical response to nutrient stress whercuy' it maintais leaf
 
nitrogen levels anu tnus phot' yit ritic act;.vity at tne exense 
of leaf aro.'. idiex kT 'cK, Li5 J. Very little crop residucs from 
eitner crop are returned to utK Soil, ca.,savt due to ics uigh 
narvest inuex (LZcm, 1983) ai;d rice ;,ecaus.n Tiost of" the strawc is 
remoDved as cattle feed. lie( result is trnt traditional annual 
crop procaction in nhe Norte,stL mas neen eroding soil nrcrient
 
status. Fnis is clearly illustrated at a cross section in tire
 
by tiae current soil fertlity lcveti of the NAIZAD project sites
 
in order o: ciz:1r 1om.tev.ty in continuous annual cropping since
 
they were openeu Lroill pri;iary i.orest OiLWrCI). This continued 
mining of soil nutrients nas 1--d, to tie situation wnere North
eastern soils are generally ime poorest in S.E. Asia (Table 1). 

Figure 1. Soil fertility levels in the NERAD sites. 
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Table l. 	 SGil fertility scores for the soils of South East Asia
 
(after Ragland, 198,).
 

AREA 
 RELATIVE SCORE 

1. India, 	Gocavari-Krisha +i.76
 
2. West Malaysia, Kedan-Perlis +1.48
 
3. Bangledesh, Ganges 
 +1.27

4. bangledesh, marginal zonc +0.57
 
5. Bangledean 
 +0.54
 
6. Bangledesh, i3ramaputra 
 +0.43
 
7. Thailand, Sangkok plain 
 +0.26
 
8. Thailand, southern region 
 -0.11
 
9. Thailand, upper central 
 -0.30
 
10. Sri Lanka, wet and intermediate zone -0.33
 
11. Thailand, inicermontane area -0.93
 
12. West Malasia, east coast 
 -0.99
 
13. Sri Lanka, dry zone 	 -1.58
 
14. NORTHEAST THAILAND 
 -3.26
 

recause of the limited availability of animal manure, the
limited production potential for compost due to lacK of raw

materials 	 and water and the high cost of 
chemical fertilizer,

attention 	 within NERAD turned to green manuring as the only
feasiole, 	 low-cost 
means of increasing soil-nutrient levels and
improving 
soil condition to give significant improvements on a
 
large scale.
 

Rainiall ,atterns in te Northeast are doninated oy botn thesouthwest 	 monsoon and tropical cyclois originating over tne 
Indian jccan. There is a distinct rainy season from MayOctober axhibiting a bimodai 	 topattern with peaks in JUne and
September (Anon.. 912). Tne first rainfall peak is insufcicient 
for rice 	 transplanting Out can in som.e years support short
duration Li'lanG cash crops although results are ;iighly variable
and 
 farmers' risK attitudes generally preclude the production of
 
pre-rice crops on 3 large scale (Craig et al. 1985). The N-RAD 
project has been explorire ways of utiTrzT g the early rains to
produce a green manure crop taat is plowed under before rice 
transplanting with 
 the oujective of increasing rice yields and
improving, or at least maintaining soil condition and nutrient
 
status in 
 a low-cost, low-risk manner acceptable to local
 
farmers.
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RESULTS TO DATE:
 

Green 
manure trials using various crop materials have been
conducted in a number of project sites for four years with
 
varying results (lable 2).
 

Taole 2. 1he effect of green manure on rice yields, 14ERAD 
cropping system trials, 1903-86. 

------------------------------------------------.
 
SITE YEAR REPSG.M. TRIAL (N - FALLa; FARMER 

MATERIAL f PE RICE -RiCE ECK 
I-------------------------- -

Rice yield (Kg/rai)
 

TA 83 COPfPEq 5 ON-R',Ri 684 5 61 539
TAE 84 COWPEA 10 ON-FAP.M 526 499 455
ThdT 84 COWPEIA 5 ON-FARM 464575 421
SRISAKET 86 VARIOUS 18 MULTI-LOC 543 408 N/A
ROI ET 86 VARIDjS iO ON-RUPM 464 435 N/A 

Results of the trials presentcd in Figure 2 show consistent
 
rice yield increases due to green manure in the range of 5 to 20
 
percent. Farmer interest in some arcas is very high, with
significant adoption already occurring in Sri Saket nd Roi Etwhere soil fertility levels have declined the furthest. in
Nakorn Pnanom and Chaiyphum, however, where the land has been 
opened 
for a shorter period and natural fertility levels
higher, farmer interest is low and adoption rates are zero 

are 
or
 

negligible.
 

Early trials used covrpea (Vigna sp.) because it was knovn to 
the farmers and seed was available-In local markets. Results and 
experience have shown, however, that it does have a number of
draw-backs as a pre-rico, green-manure material. First, altnough 
more tolerant to water-logging than mungbean (Pnaseolus aureus)

and some otner legume species, it is still afTected by water
logging after neavy rainfall. Second, bean fly (Melanzgromyza

pnaseoli) is 
 endenic in the region and prophylactic insecticide 
afication, which adds significantly to production costs, is
virtually essential. Firmlly, in the 45-60 days ravailaole for 
crop growth, cowpea cannot rival some of the otner legumes in
 
terms of dry-mitter production.
 



Figure 2. Effect o! green manure en rice. 
NERAD CROPPING SYSTEM TRIALS, 1983-86. 
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1ne testing aind screeniag, ot a variety ot green maniure 
.iiaterials was initiated wit.,iin NtiRAL, in 198b. Die results 
obtained (Taole 3) indicate tnat cowpea and blacknean are toe 
most appron-iate materials. In adaititm, otiher NEiRAD trials niave 
identified a variety of Sestaania (rostrata) obtained from the 
lnternatioital Rice Research Institute as flaving cansideraule 
promise as a pre-rice, green-manure crop) for tne Nortneast duL, to 
its ability to grow well ana nodulate under acid, saline and 
water-logged conditions and oecazise of its apparent lacK uf 
serious pests in the vegetative stage. Trials to date would 
indicate tnfit sesoania is a Wtet~r green manure crop under wet 
conditions out tmat cowpea a.iu olack nean tend to perform better 
under dry coi.itions.
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Table 3. 	Results of NERAD green manure screening trials. Nong

Kaew, Roi Et, 1986.
 

CROP MATERIAL 	 YIELD (Kg/rai) 

G M. CROP RICE 
----------------------.----------------------
 ----. 

COWik : 4352 479
 
RED ONPEA 1836 
 : 446 
bLACK &N 	 3728 482 
SWVORD BEAN 2208 449 
NO FIRST UZOI, :: 435 

CORRENLY RECONENDED PRACTICES: 

TEC'hiNOLOGy: 	 Pre-rice manuringgreen under rainfed 
conditions.
 

OBJECTIVES: 1. 	Increase rice yields and reverse the trend 
of declining soil fertility. 

2. 	Reduce the cost and associated risk involved
 
with the relatirely high cost of chemical
 
fertilizer.
 

APPROPRIATE 
 I. 	Nbst acceptable to farmers in conditions of
 
CONDITIONS: 	 very low soil fertility (low O.M. 1.0%). 

2. 	Soil ptl > 5.0. 
3. Middle 	or upper paddy land.
 
4. 	Absence of early season flooding or
 

prolonged water-logging if possible.

5. 	Good water control is an advantage.
 

W *ENDLED 1. iiny cowpea variety can De used (and other
PRACTICES: legume soecies can be considered).
 

2. 	1 plowing foilowed by 1 harrowing.
 
3. 	broadcast at 5 kg/rai (cowpea).

4. 	Lime at 100 kg/rai if pH is less than 5.0
 

at planting.

5. 	No fertilizer if possible, bk't for extremely 

poor soils use manure. 
6. 	Spray dimethoate prophylactically Lt about 2
 

weeks P.P. for oearifly control.
 
7. Plow cowpea wider at flowering (45 days)
 

preferably in water-inunoated conditions.
 
8, 	If possible, allow I month for decomposition


of green manure residues under water
logged conditions before rice transplanting.
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RFIRE RESEAR- AND I EVELOMET REQdIREA TrS: 

1. Green manuring if appropriate for extremely infertile
soils out unfortunately, 
tais gives rise to the problem that it
is often impossible to establisn a satisfactory stand of a green
manure crop without tne use of fertilizer. However, to be
successful green manuring sho.'d Lu 
 a low-cost tecnnology and

this rules out the use of fertilizer. It may be possiole to
obtain a satisfactory green manure crop by planting it in the 
same fields that receive cattle manure under tne farmer practice
of applying animal-manure to some of n-is fields each year on arotational basis. Further te :ring is tacrefore 	 required on thc
fertilization of green manure crops 	with small amounts of animal 
manure.
 

2. Thte residual effect of fertilizer applied to a firct
 
crop on the following rice crop can be quite pronounced on tae
poorly-ouffered, infertilo 
 paddy soils of the Northeast (Craig,

1987). 
 Insone areas, iarmoers already apply chemical fertilizer
 
to their rice crops cid in these situations it might be valuable
 
to test split applications of tne fertilizer between taie 
 green
 
manure and 	tne rice crop according to the design suggested in
 
Figure 3.
 

Figure 3. 	Possible trial design for split application of
 
availaole fertilizer between tne green ,nanure 
and
 
the following rice crop.
 

Treatment 1. Treatment 2. 

All available fertilizer 
 All availaole fertilizer
 
applied to green maaure 
 7 applied to 	post-green
crop. 	 manure rice crop.
 

Treatment 6. 
 Treatment 4.
 

Availab1 fertilizer Zero fertilizer control, 
split equally between
 
green manure and
 
following rice crop.
 

3. It may 	be possible to cstaolisti satisfactory stands of
 green 
manure witnout any form of soil ammendment if appropriate

crop speciks can be identilied tnat are both drougnt-resistant

and can tolerate water-logged conditions and 
are capable of
vigorous growth on infertile, and often acidic and saline soils.

Sesbania rostrata is on sucil candidate tnat nas already been

identified 
 but further screening and development is still
 
required.
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4. It may not oe possible to identify any one species tnat
 
meets all the 
necessary requirements for a successful 
green

manure crop as defined in '3' above. 
 it is rare for any plant

species to comine both orougnt resistance and water-logging

tolerance, 1aowevur, a species mixture may exhioi suchproperties. It is not 
possiolo to predict rainfall before

planting green manure, 
but by .owing a seed-mixture containing

ooth drougnt resistant ana flooi tolerant species, intra-spccific

competition 
may proauce a satisfactory crop. 
 In an attempt to
address this hypothesis, trials tnis year 
will include 

comparison of sesbania, cowpea and olack {)oan and also 
a species
mixture of all tnree to test it! aiiity to offset the effect

risk due to the uncertainty oi climatic factors 

of
 
(see proposed


trial design in Figure 4).
 

Figure 4. Proposed experimental design to test the 
appropriate
ness 
 of a species mixture as a green-manure, mixed
intercrop under conditions of rainfall uncertainty. 

Treatment 1. : Treatment 2. 

Sesoanie roatrata as a : Cowpta as a drought-toler-:

water-Togging-tolerant, 
 : ant solj-crop, green

sole-crop green-manure 
 manure followed by rice.
 
followed by rice.
 

Treatment . 'rreat,n, nt 4. 

: lacK bean as a neutral, Sesiania/cowpea/olackbea
 
sole-crop, green-manuru mixed-intercrop, green
followed by rice. 
 manurv followed by rica.
 

Treatment 5. 

Fallow-rica control plot,
 

For further information regardinp this technology document please
 
contact:
 

lain A. Craig,
 
Cropping systems Specialist,

Northeast Rainfed Agricultural Development (NERAD) Project,

Northeast Regional Office of Agriculture,
 
Tha Pnra, Khon Kaen 4'260,
 
Thailand.
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APPENDIX 1
 

The following NERAD Working Papers are available on request 
from
 
the Project Director:
 

NERAD Methodology Documentation Series
 

M1 
 A cropping systems tecnnology development process:
the NERID model. C aig, I.A. ot al., 1986. 

(Thai or English) 
M2 	 Triage: a methodology for screening agricultural


technologies and prioritizing research and extension
 
activities. Craig, I.A. and Sukapong, C., 
1987.
 

(Thai or English) 
M3 	 North East Rainfed igricultural IX-velopmcnt

Information and Coordination System (NERADI)= 
Hopkins, J., 1987. 

(English) 

NERAD Technology Documentation Series 

TO Executivt: Sunary: Promising
NERA) Technologies.
Thamabood, S. (Editor), 1986. 

(Thai) 
TI Direct sown rico tecanology documentation. Craig,

I.A. 	 et al., 1986. 
(Thai or English) 

T2 Cooperative buying groups in Thailand: 
 results of a 
social experiment. Mcyer, i.L. and Infanger, 
C.L., 1987. 

(English)
 

T3 Modified shallow well 
 tecmology 	 documentation.
 
Ragland, J.L. and Thamabood, S., 1986. 

(English) 
T4 Pro-rice green manuring: a technology for soil 

improvement 	under 
rainfeo conditions in Northeast

Thailand. Craig, I.A., 1987. 

(English) 


