NERAD PROJECT TECHNOLUGY DOCUMENTATION SERIES
WORKIPIG £, "cR NO, T4*

*******************************

IMPROVEMENT UNDER RAINFEO CONDITIONS IN NORTHEAST THAILAND

* * ¥ % * ¥

*
*
PRE-RICE-CROP GREEN MANURING: A TECHNOLOGY FOR SOIL *
*
*

**x*iw*********ﬂ*k*******i’i**i*

Northeast Rainfed Agricultura’ Development Project (NEPAD),
Nortneest Regional Office of Agriculturr,
Tha Phra, Khon Kaen 40260, Thailand.
tay, 1987.

Prepared by:

Iain A, Craig, Farming/Cropping Systems Specialist, NERAD Project

Other papers in this series are listed in Appendix 1 of this
report and are available free of cnarge from the Project
Director.



PRE-RICE CROP GREEM-MANURING: A 1ECHNOLOGY FOR SULL IMPROVEMENT
UNLek RAINFLEC CONBLTIONS IN NORTHEAST THAILAND

SAUKGROUND «NL JUSTIFICATION:

both oy tne major annual crops grown in Nortlieast . ‘fnriland
are traditiontlly cultivated ycar after year with littla or no
fertilizer . plication. ioth are extremely eiflcient at removiag
nutrients icon tne soil: sunmerged rice due to 1ts avility to
grow under reduced, water-logged cunditions wucrepby anutrient
‘availavility is lacreased, and Cussava by virtue of its pnysio-
logical response to nutrient stress whercoy it maintains  leaf
nitrogen levels anu thus photosyntnetic activity at the  cxpense
of leat area iadex (LoCK, 1585}, very little ¢rop residues irom
eituer crop are returncd ro the soil, cassavia due to ivs uigh
harvest index (uUock, 1Y83) wwd rice vecause most of the straw is
removed as cattle feed. ‘lie result is tnet traditional annual
Crop production in the Northcust has been eroding soil nuvrient
status.  Tnis is clearly illustrated at a cross section in time
by the curront soil fertility levels of tie NERAD project sites
in order of their longevity in continuous annual cropping since
tiey were openza trom priaary Lorest (Fisure 1). ‘This continued
mining of soil wutrieants nas led to tue situation wnere North-
eastern suils are generally tne poorest in 5.E. Asia (Table 1).

Figure 1. Soil fertility levels in the NERAD sites.
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Table 1.  Scil fertility scores for the soils of South East Asia
(after ragland, 1584).
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AREA RELATIVE SCORE
1. India, Gowavari-Krishna +1.76
2. Wost alaysia, Kedan-Perlis +1.48
$. Bangladesh, Ganges +1.27
4. Bangledesh, marginal zonc +0.57
5. Bangledean +.54
6. Bangledesh, Bramaputra +0.43
7. Inailand, Sangkok plain +0.26
6. Thailand, southern region 0. 11
9. Thailand, upper central -0.30
10.  Sri Lanka, wet and intermediate zone -0.33
11. Thailand, intermontane area -0.93
12. West Malasia, east coast -0.99
13. Sri Lanka, dry zone -1.58
14.  NORTHEAST THAILAND -3.26
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decause of tne limited availability of animal manure, the
limited procucticn potential for compost due to lack of raw
materials and water and the high cost of cnemical fertilizer,
attenticn within NERAD turned to green manuring as tne only
feasiole, iow-cost ineans of increasing soil-autrient levels and
improving soil condition to give signiticant improvements on a
large scale.

kainiall patterns in the Northeast are domninatza py botn the
Southwest  monsoon and  tropical cyclonas originating over tae
Indlan Jccan.  There is 2 distinct rainy season from Mmay to
Cctober exnibiting a  bimodai pattern with peaks in June and
September (Anon.. 1662). Tne first rainfall peak is insufricient
for rice transplanting out can in some years support snort-
duration uplanc cash crops although results are aighly variadble
and farmers' risk attitudes generally preclude the proauction of
pre-rice crogs on a large scale (Craig et al. 1935).  The NERAD
project has been exploring ways of utilizing tne early reins to
produce a green manure crop that is plowed wunder before rice
transplanting with the ovjective of increasing rice yields and
improving, or at least maintaining soil condition and nutrient
status in a low-cost, low-risk mannor acceptable to local
farmers.



RESULTS 7O DATE:

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

Tavle z. The offect of green manure on rice yields, NERAD
cropping system trials, 1953-86.
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MATERIAL TYPE RICE -RICE  (MECK
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Rice yield (Kg/rai)

TAE 82 COWPEA 5 ON-FiRM 684 564 539
TAE 84 COWPEA 10 ON-FaRM 526 499 455
TAKET 84 COWPEA 5  ON-FARM 575 464 421
SRISAKET 86 VARIOUS 18 MULTI-LOC 543 438 N/A
ROI ET 86 VARIOUS 10 ON-FARM 564 435 N/&
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Results of the trials prescnted in Figure 2 show consistent
rice vyield increases due to grecn manure in the range of 5 to 20
percent., Farmcr interest in some areas  is very high, with
significant adoption already occurring in Sri Saket and Roi  Et
where soil fertility levels have declined the furthest. In
Nakorn Paanom and Chaiyaphum, howcever, where the land has been
opened for o sherter period and natural fertility levels are
higher, farmer interest is low and adoption rates are zero or
negligible,

Early trials used cowpea (Vigna sp.) becsuse it was known to
the farmers and secd was available in local markets. Results and
expericnce have shown, however, that it does have a number of
draw-backs s a pre-rice, green-manure material. First, although
more tolerant to water-logging than mungbean {Phaseolus aureus)
and some otiier legume species, it is still affacted by water-
logging after nenvy rainfall. Second, bean fly (Melan-gromyza

insccticide

pnaseoli) is «ndemic in the region aad prophylactic
application, which =zdds significantly to production cosis, is
virtually essential. Finally, in the 45-60 days availaole for
Crop growth, cowpea cannot rival some of the otrier legumes in
terms of dry-matter production.



RICE Y!ELD (Kg/Ral)

Figure 2. Effect of gresn manure en rice.
NERAD CROPPING SYSTEM TRIALS, 1983-86.
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ine testing ana screening ot a varlety of green manure
;materials was initiated witnin NERAL in 198b. The results
obtained (Tavle 3) indicate tnat cowpea and blackbean are tne
most appro,riate materials. [n addaition, otier NERAD trials have
identified a variety of Seswania (rostrata) obtained from tie
Internatioial Rice Research institute as having consideravle
pronise as a pra-rice, green-manure crop for tne Nortieast duz to
its ability to grow well ana nodulate under acid, saline and
water-logged conaitions and opecause of its apparent lack ol
serious pests 1in the vegetative stage. Trials to date would
indicate tnat sesbania 1s u betier green manure crop under wet
conditions nut that cowpea a.d dlack pean tend to perform better
under dry coacitions.



Table 3.  Results of NERAD green manure screening trials. Nong
Kaew, Roi Et, 1986.

CROP MATERIAL

;.M. CROP RICE
COWFEA 435z 479
RED COWPEA 1856 446
BLACK SEAN 3728 482
SWORD BEAN | 2208 449
NO FIRST CROF - 435

CURRENTLY RECOMMENDED PRACTICES:

TECHNOLOGY

OBJECTIVES:

APPROPRIATE
CONDITIONS:

RECOMMENDEL
PRACTICES:
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Pre-rice green manuring under rainfed
conditions.

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

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

Most acceptable to farmers in conditions of
very low soil fertvility (low O.M. 1.0%).
Soil ptt > 5.0.

Middle or upper paddy land.

Absence of early season flooding or
prolonged water-lopging if possible.

Good water control is an advantage.

Any cowpea variety can pe used (and other
legume species can be considered).

1 plowing foilowed by 1 harrowing.

proadcast at 5 kg/rai (cowpea).

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

No fertilizer if possible, but for extremely
poor scils use manure,

Spray dimethoate prophylactically ¢t avout 2
weeks P.P. for oeanfly control.

Plow cowpea under at flowering (45 days)
preferably in water-inunaated conditions.

If possiple, allow 1 montn for decomposition
of green manure residues under water-
logged conditions before rice transplanting.



FUTURE RESEARGH AND CDEVELGPMENT RSQUIREJENTS:

1. Green manuring ic appropriate for extremely infertile
soils out unfortunately, tais gives rise to the problem that it
is often impossihle to establish a satisfactory stand of a green
manure crop without tne use of fertilizer. However, to be
successtul  green manuring shou’d be a low-cost tecnnolqu ana
this rules out the use of fertilizer. It may be possivle to
obtain a satisfactory green manure crop by planting it ia the
same ficlds that receive cattle manure under the farmer practice
of applying auimal-manurc to some of his fields each year on a
rotational basis. Further te:ting is tacrefore requirad on ths
fertilization of green manure crops with small amounts of animal
manure.

2.  The residual effect of fertilizer applied to a first
crop on the following rice crop can be guite pronounced on tne
poorly-bufferad, infertile paddy soils of the Northeast (Craig,
1987).  In some areas, farmers alrcady apply chemical fortilizer
Lo their rice crops ¢nd in these situations it might be valuable
to test split applications of the fertilizer between tie green
manure and tre rice crop according to tne design suggested in
Figure 3.

Figure 3. Possible trial design tor split application of
available fertilizer between tne green wanare and
the following rice crop.

: Treatment 1. : Treatment 2.

: All available fertilizer : All availaole fertilizer :
: applied to green manure : applied to post-green-

. crop. ; manure rice crop.
: Treatment 3, : Treatment 4, :
: Available fertilizer ¢ Zvro fortilizer control. :

: split cqually petween
! greéen maadre and
: following rice crop.

3. It nay be possible to cstaolisn satisfactory stands of
green manure without any form of soil ammendment if appropriate
Crop specicvs can be identiiied that are both drougnt-resistant
and can tol:rate water-logged conditions and are capable of
vigorous growth orn infertile, and oftea acidic and saline soils.
Sesbania rostrata is one suci candidatc that nas already been
identified” Uut further scréening  and  development is still
required.




4. It may not oc possible to identify any one species tnatc
meets all <the necessary requirements for a successful green
manure crop as detined in '3' above. it is rare for any pl@nt
species to compine both drought resistance and wape;—iogglng
tolerance, lowever, a  species mixture may exhipit  such
properties. It is not posciolc to predict rainfall before
planting green manure, but oy -owing a sced-mixture containing
poth drougnt resistant ana {lood tolcrant species, intra-specific
competition may produce a satisf4ctory crop. In an attempt to
address this hypothesis, trials tnis year will include a
comparison of sesbania, cowpea and vlack pean and also = spocies
mixture of all tnree to test its avility to offset the effect of
risk due to the uncertainty or climatic factors (see proposed
trial desiga 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.
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¢ Treatment 1. ¢ Treatment 2.

' Sespanie voatrata as a  : Cowpea as a drougnt-toler-:
¢ water-logging-tolcrant, : ant solz-crop, green :
: sole-crop green-manure @ manure followed by rice. :
: followed by rice. : :
: Treatment 3. : Treawment 4.

: Black bean as a neutral, Scsvania/cowpea/olackbean :
: sole-crop, green-mainure mixed-intercrop, green-

: followed by rice. : manure followed by rice.

: Treatment 5. :
: Fallow-rica control plot, :
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For further information regarding this techinology document please
contact:

Iain A. Craig,

Cropping systems Specialist,

Northeast Rzinfed Agricultural Development (NERAD) Project,
Northzast Regional Office of Agriculture,

Tha Pora, Khon Kaen 40260,

Thailand.
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APPENDIX 1

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

NERAD Methodology Documentation Series

Ml

M2

A cropping systems tecnnology development process:
the NERAD modzl. C aig, I.A. <t al., 1986.
(Tai or English)

Triage: a iethodology for screening agricultural

technologics and prioritizing research and extension

activities. Craig, I.A. and Sukapong, C., 1987.
(Thai or English)

North  East Rainfed ngricultural  Development
Information and Coordination System  (NERADICS).
Hopkins, J., 1987,

(English)

NERAD Technology Documentation Series

TO

T1

T2

T4

Executive Summary:  NERAD Promising Technologies.
Thamabood, S. (Editor), 1986.
(Thai)

cirect sown rice tecnnology documentation, Craig,
L.w. et al., 1986.
(Thai or English)

Cooperative buying groups in Thailand: results of a
social  experiment. Moyer, A.L.  and Infanger,
C.L., 1987.

(English)

Modified shallow well tecninology  documentation.
Regland, J.L. and Thamabood, 5., 1986.
(English)

Pre-rice green manuring: a technology for soil
improvement under rainfed conditions in Northeast
Thziland. Craig, I.A., 1987.

(English)



