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B. ARTICLES 

Status of Natural E.esources and Suitable Crops & Cropping Systems for North Eastern Region 

R. D. SINGH1 AND G. C. MUNDA2 

The North Eastern Region oflndia comprising the states 
of Arunachal Pradesh, Assam, Manipur, Meghalaya, 
Mizoram, Nagaland, Sikkim and Tripura has a tota l 
geographical area of 26 .23 million hectares with a 
population of39.08 million (2000-0 I). The region is mostly 
hilly and mountainous. Agriculture is the main occupation 
of the people. Crop production in this region is carried out 
under diverse slopes (0-100%) and altitudes (50-3000 
m.msl) having different agro-climatic conditions (tropical 
to temperate) . Cultivated area in this region is low and 
concentrated mainly in small valleys, plot areas, foothills 
and hill slopes. Crops are grown mostly . .rain fed at 
subsist~nce level although there is immense potentialities 
for development.> of agriculture and its allied sectors like 

forestry, horticulture and animal husbandry. Shifting 
culvitation and monocropping is still prevalent in these 
states. Cropping intensity is also low ( 133 .2 per cent). 
Constellation of factqrs such as difficult terrains, dense 
forest, low pressure on land, poor transport, inadequate . 
marketing facilities, socio-economic status of people and 
land tenure systems are mainly responsible for low 
agricultural productivity of the region. Rice and. maize in 
cereals, potato and ginger in cash crops and rapesced­
mustard in oilseeds are commonly. grown in this region. 
Soybean is grown in. small aera (mostly in the kitchen 
garden) as a pulse crop in almost all the north eastern hill 
states Table l. 

TABLE I- LAND UsE Ur1'uzAnON PAITERN IN N.E. REGION (OOOha) in 1998-99. 

State 

Arunachal Pradesh 

Assam 

Manipur 

Meghalaya 

Mizoram 

Nagaland 

Sikkim 

Tripura 

Total (N.E.Region) 

Total (All India) 

Geogra-
phical 

area 

8374 

7844 

2233 

2243 

2 108 

1658 

710 

1049 

26229 

328726 

Major Constraints of Crop Production 

Land 
utiliza-

ti on 

5495 

7850 

2211 

2241 

2108 

1560 

710 

1049 

23224 

306044 

The inaccessible area, lacks of proper communication/ 
·transport, geographical isolation, lack of infrastructural 
faci lities as weH as dearth of adequate trained manpower 
have resulted into low agricultural productivity of the 
region. Jn addition, some o f the major problems responsible 
for low productivity o f the region are as under: 

Shifting cultivation is prevalent in th is region 
resulted in heavy soil erosion and land degradation 
d ue to clearing of forests. Indiscriminate 
deforestation is a lso a problem in the region. There 
is soi l and nut rient loss in this process and 
ultimately affects soil fertility and crop yie ld . 

Forest 

5154 

1930 

602 

932 

606 

932 

875 

257 

11288 

68973 

Gross Net Ne't Cropping 
cropped cropped irrigated intensity 

area ' area area (%) 

250 185 36 135. l 

3941 270 1 572 145.9. 

216 140 65 154.3 

266 221 48. 120.4 

116 109 9 106.4 

286 26 1 63 109.6 

127 95 16 133.7 

444 277 35 160.4 

5646 3989 844 133.2 

192619 142600 57053 135. l 

Management practices are very difficult in vary ing 
attitude and diverse s lopes and different agro­
climatic condition. 

Availability and ·spread of suitable high yielding 
varieties of crops for rainfed upland and rain(cd 
lowland are negligible. There is lack of suitable 
cultivator of rice and are not found suitable for 
most growing conditions ( low temperature high 
altitude) und.er Al and Fe toxic soils. No n­
availability ofHYV seeds is also a major set back 
for this region. · 

Average consumption of fertilizers (nitroge n, 
phosphorus and potash) is very low as compared 
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to. national average resulted in low productioti 
(Table 2). 

This region receives highest rainfall throughout 
the year. Excessive rainfall in catchment area 
causing flood in valleys resulting into crop 
damage and difficult agricultural operations. 
Approximately 50 per cent areas under rice always 
suffer due to flood over year in this region 
(Table 3). 

The incidence of insect-pests and diseases are high 
during the wet season causes low productivity. 

Profuse and heavy weed infes tation in rainfed 
uplands is more prevalent. in th is region resulted 
in low production of cereals and oilseed during 
monsoon season. 

Lack of drainage in the valleys during monsoon 
season and less area under irrigation during winter 
and summer months restrict adoption of multiple 
cropping. 

Low temperature, low rainfall and low sunshine 
hours in winter n:onths affect productivity ofrabi 
crops. 

La1d tenure systems in the hi lls region are 
di 'erent than the pl ai ns reg ion. Individual 
0 1 iership of land is a lmost lack ing. This has 
re. 1lted into under utilization of land. 

Agro-climatic Zones of N.E.H. Region 

The entire north eastern region comprising the ~tates 

of Arunachal Pradesh, Assam, Manipur, Megha_laya, 
Nagaland, Sikkim, .Tripura alongwith 3 districts of West 
Bengal , v.iz., Darjeeling, Jalpaiguri and Cooch Behar\ fa lls 
under agro-climatic sub-Himalayan zone 2. On the basis 
of topography, agro-meteorological parameters, soil types·, 
crops grown etc. the region has been divided into followi ng 
six agro-climatic Zone~ (Krishnana 1988). 

However, it may be mentioned that although these zones 
show district differences in agro~climatic characreristic, it 
is · difficult to draw a clear line of demarcation bet,ween 
two zones. 

Zone Altitude range Areas covered· Crops grown 

( 1) 

I. Alpline zone 

II. Temperate sub-
Alpine zone 

!I. Sub-Tropical hill 
zone 

V. Sub-tropical 
zone (valley areas) 

I/. Mild-tropical hill 
zone 

I. Mild-tropical plain 

(m.msl) 
( 2) 

>3500 

1500-3000 

1000- 1500 

400-1 000 

200-800in 

0-200m 

(3) 

Parts of Sikkim, Arunachal Pradesh and 
Darjeeling district (W.B.) 

Tuensang, Zuneheboto and Mokochung disc. Of 
Nagaland Western Arunachal P., Khasi hills of 
Meghalaya, North Eastern Manipur, parts of 
Sikkim & Mizoram {East & South East) 

T irap of Arunachal Pradesh, Jaintia & Garo 
hills of Meghalaya, parts of Sikkim, 
North east Mizoram, Kohima, & Wokha 
ofNagaland 

Imphal of Manipur, Bagti & Longnak of 
Nagaland. Jaintia of Meghalaya, Buhch­
angphai areas of M izoram 

South Jaint ia and North Khasi hills of 
Meghalaya, West Manipur, lower Sikkim, 
Dimapur & Ghaspani of Nagaland, 
Jampnu of Tripura, North & West Mizoram. 

Lohit, Pasighat & Singhphos of Arunachal P., 
West Garo hills of Meghalaya, major 
parts of Tripura, Dimapur area 
ofNagaland plains 

(4) 

Pasture 

Small millets, 
potato, rice, 
maize, soybean, 
vegetables. 

Rice, maize., 
wheat, mustard, 
soybean, pea, 
ginger, turmeric. 

Irrigated rice & 
other crops as 
above. 

Upland rice, 
maize, pulses, 
cotton, wheat 

Irrigated & 
rainfed rice, 
oilseeds, 
sugarcane, jute, 
sweet potato, 

Potato 

tu s of Existing Crop pin g Systems in N.E. H. Region low cropping intensity and land tenure problems are the pri­
mary featur~ of existing cropping systems in this region. 
Present status of land use and productivity of major crops 
are presented in Table 2. Depending upon the soil type, food 
habits of the people and systems of farmi ng, scve ra I 

n general , the productivity of crops in th is region is 
r and none of the major food crops (rice and maize) 
effici ent on all India basis (Table I). Low input use; 

., , 

Agricultural Situation in India 

crops .are. 
major pOI 
area of ab 
the most i 
gross ere 
the next i 
cent, l.6 

Crops 

Ri ce 

Maize 

wh·eat 

Small Mi l: 

Total puls 

Total food 

Total oi lst 

Potato 

Turmeric 

Ginger 
Topiaca· 

Sweet pot 

Soybe an 

Fruits 
cultivated . 
are grown 
·und er se< 
croppi ng 
Cropping i 
followed b 
cent), Arun 
cent),Megl 
and lowest 

Shifting 
eastern re~ 

3). Preval( 
for agr icu 
natural re~ 

m.ha in the 
in this regic 
method of~ 
etc. along t 
should be n 
bunding,-te1 
of the olde 
mentioning. 
situations o! 

TABLE 
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crops ,are.grown in .the region out of which cereals occupy 
major portion (66.5 per cent ) of the total gross cropped 
area of about 5.6 million hectares. Among cereals, rice is 
the most important csrop covering about 62.2 per cent of 
gross cropped area.' Maize, wheat -and small millets are 
the next important cereals crops covering .about 2.8 per 
cent, 1.6 per cent and 0.8 per cent respectively of the 

,. 

gross cropped area. Amongs oilseeds, rapeseed-m ustard 

and sesamum a re important covering about 5.0 per cent 

gross cropped area. Local beans, pigeon pea and pea arc 

the important pulses grown in the region. The other 

important crops are potato, ginger, sugarcane, sweet potato, 

cassava, chillies and soybean. 

TABLE 2- AREA, PRODUCTION AND PRODUCTIVITY OF CROPS IN N.E. REGION ( 1998-99) 
---- --

Crops NEH All India 

Area Production Product ivity Area Prod uction Product ivity 

Rice 

Maize 

Wheat 

Small Millet 

Total pulses 

Total foodgrain 

Total oilseeds 

Potato 

Turmeric 

Ginger 

Topiaca· 

Sweet potato 

Soybean 

(000 ha) 

35511.8 

155 .5 

90.1 

42.6 

158.3 

3967.9 

406.0 

110.3 

l 3.5 
12.7 

8 .0 

18.0 

9.0 

(000 tonne) 

5500.9 

216. J 

118.2 

3 1.5 

28.:f 

5977.1 
I 

- ..•. 24:3.0 

758.5 

D.2 

69.77 

46.00 

72.0 

12 .5 

Fruits arid vegetables occupy 4 percent of the 
cultivated area .. Due to lack·.of irrigation: facilities, crops 
are grown mostly rainfed and very less ·area is covered 
·under second crop. This has resulted into low 
cropping intensity (13 3 per cent) in the region . 
Cropping intensity is higher in Tripura• (160 per cent) 
followed by Manipur. (154 per cent), As~am (146 per 
cent), Arunachal Pradesh ~135 per cent), Sikkim (134 per 
cent), Meghalaya ( 120 per c~nt), Nagaland;( l ·I 0 per cent) 
and lowest in Mizoram (IO? per cent). 

Shifting cultivation known as .'jhuming' in the north 
eastern regio.n is still practiced .in this · region (Table 
3). Prevalence of jhuming is a challenging problems 
for agricultural development and degradation of 
natural resources (land, water, forests). Out of 4.3 
m._ha in_:the country, 1.9 ~.ha is affected by jhurning 
in this regfon. Some of the indigenous methods like bund 
mettio~f potato cultivation and cultivation of pineapple 
etc. along the slopes are detrimental to soil fertility and 
should be replaced by scientific land use such as contour 
bunding,~terradng and· strip cropp.ing etc. However, some 
of th.e ~ldest 'systems o f cropping/ farming are worth 
~entr.omng. Afew of them · are excellent in the specific 
s1tuat1ons ofthrs region are given be low : 

TABLE 3- AREA AND FAMILY ENGAGED IN SHIFTING 

April, 2008 

(kg/ ha) (000 ha) (O~O tonn.:.2__ __ ( k~/ha) 

13391 44361 8487 1 191 3 

12912 6557 12068 I 8-11 

9974 25068 68763 2743 

3622 1438 600 4 17 

5251 200.26 10665 533 

13162 119783 195916 1636 

5799 232 18400 791 

6870 13372 23 161 17 321 

101 5 14 1.4 437 3093 

5493 . 63.89 208 3262 

5750 254.0 5523 2174 

4000 154 .7 1205 7789 

138 8 4672 5088 1089 -------- - · • 

CULTIVATION 

States No. of 
famil ies 

engaged in 
jhuming 

Andhra Pradesh 2200 

Bihar 12200 

Madhya Pradesh 2500 

Orissa 141 000 

Arunachal Pradesh 54000 

Assam 58000 

Manipur 70000 

Meghalaya 52290 

Mizoram 50000 

Nagaland 116046 

Tripura 43000 

Total NEH Region 443340 

;-rotal All India 622236 

Total area 
affected 

by jhurning 
('000 ha) 

150.0 

81.0 

125.0 

2649.0 

210.0 

139.2 

360.0 

265 .0 

189.0 

633 .0 

111 .5 

19075-

4356.5 

Jhuming 
cyc le 

(years) 

3 

5-8 

l 0- 15 

5-1 4 

3-10 

3-1 0 

2-10 

4-7 

5-7 

3-4 

4-9 

- ------------- ---
Source: (Subramaniyam, 1990) 
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(i) 'Zobo' Farming System of Nagaland 

This is a unique indigenous system of impounding water 
(Zobo) for farming which has a combination of forest, 
agriculture and animal husbandry on a flat ridge located at 
a higher elevation than the river level from where taping 
of water is out of question. The fanning ·system comprises 
of protected forestland on the hilltop, well-planned w;ner­
harvesting tank at the middle and cattle yard and paddy 
field towards foothills. The actual catchment (l .5 ha) area 
is kept under natural vegetation on upstream side of the 
pond to serve as water resources for the pond during 
monsoon. Use of green manure, application of cow dung 
and diversion of runoff through open cattle yard are the 
methods of manuring paddy field. 

(ii) Rice Based Farming System of Apatani Plateau 
(ArunachalPradesh) 

Apatani system of farming is a unique and efficient 
method ofhill farming wher~ rice cultivation is combined 
with fish culture on terraces and finger millet on terrace 
risers with an excellent integrated land, water and nutrient 

. management. A remarkable system of irrigation 'tapping 
streams and canalizing through series of terraces is 
practiced . Nutrient and fertility level is maintained 
through recycling of rice straw by decomposition and 
burning in situ, decomposition of weeds, addition of pig 
and poultry droppings, ash, rice husk, and other household 
wastes. 

(iii) High Altitude Farming in Kameng Himalaya 
(ArunachalPradesh) 

Indigenous method of farming at high altitude by the 
Buddhist Monpas of Senge village (2500 m.msl) is an 
unique example of transition from shifting cultivation to 
settled subsistence hoe farming. Monpa farmers grow_ both 
kharif and rabi crops on the natural hill slopes without 
tracing it. While sheep droppings and oak leaves serve as 
manure in kharif crops, the human waste and litters are 
sprayed in barley field during rabi season. The farming is 
sustainable and so il fertility is restored through yearly 
rotation of maize and millets, minimum tillage.with hoeing, 
inter culturing and mixed cropping of vegetables beans, 
pulses etc. 

(iv) Fruit Based Cropping Systems of Sikkim 

In Sikkim, several crops viz., ginger,_ vegetables, 
beans, maize, soybean, finger millet , black gram, rice 
bean and sweet potato are intercropped in mi'd hills 
mandarin orchard. In high hills potato, barley, radish, 
cabbage and turnip are intercropped _in apple orchard. · 
Because of low productivity of apple, farmers get most 
of th e ir remunerat io n from intercrops. After the 
introduction of wheat and mustard by !CAR, Sikkim 
centre during winter season , there is possibility of 
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'" 
taking second and third crop s in succeeSing season 
wi thout deteriorating the fert ility status o(the soil. Most 
of the new cropping systems develope'd are either maize ' 

based or rice based cons idering the food, en v ironmcn.t 
an d social..;securi ty of people o f entire state (Sing h 
et. a I. 199 8)'. · 

(v) Bamboo Drip Irrigation s .ystehts ?f Mcgha-laya 
'. 

Drip irrigation is a most econodiical use of irrigation 
water es pec ially in o rch arp/ trees, Bamboo drip 
irrigation system is in use by the tribal · farmers ofJaintia t 

and Khasi hills of Megh_alaya. This; system is used to , 
irr igate betel lea f a nd bl ack pepper crops· in the 
arecanut plantation. Bamboo drip irrigation is al~o used 
to irrigate mixed orchards of jackfruit and pineapple_ ; 
etc. 

(vi) Organic/Na tural Farming f. 

Use ofagro-chemicals (fef1iliztrs, pestic,idcs .etc.} in this ! , 
region is much Jess than the. national average. High rair:ifall, 
wet terraces, huge .surface runoff due. to .slg ppy land etc. 
are not conducive for efficient use of ; gro-ch.emicals . 
Moreover, indiscriminate use;~fthes:c chemicals may cause 
pollution in the lower altitudes/valley lands. Organic 

_farming is still in existence in thi~ region. Use of organic 
sources (cow dung, pig dung, FYM, poultry droppings, 
ash, husk, green manure) and recycling of crop arid weed 
residues are practices to restoreiso il fertilit)r for sustaining 
crop productivity. In many places, panicle portion ofricc 
is harvested leaving rest of the plant (straw) in the field for 
incorporati_on into. the soil for decomposition to maintain 
soil fett ility. 

Management of Crops for Higher Yield 

The experimental results from different parts of the . 
North Eastern region have shown that crop productiv i!Y 
per unit area and total production ican be increased t_hrough 
proper managerr1ent of crops. The imp9rtant management 
' factors for crop production are cj iscussed as' under: 

i 

(:: rop Componerts in th,e Cropping Systems 
I 

Selection of efficient crops :and the ir varieties, food 
habits, productivity and area sovered by a crop' arc very 
important for inclusion in the crbppirig system. Performance · 
and locati on specific crop var iety under 'each agro­
'ecosystem must be evaluated. For improving productiv ity 

. of any crop, suitable varieties and appropriate inputssuch 
as fertilizers, irrigation, insecticides, fun gicides and 
weedicides should be used. Normally, in most of the areas 
in t_bi s region, rice does well in lowland and therefore, 
should be grown in fow land/ vall ey land. In upl and 
situat ions, rice suffers from severe weed competition, water 
stress, and pest and d iseases (root-aphid, tennites; blast 
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etc.) but performance maize crop is encouraging. For 
upland, rice variety IRAT-1 41, VL-206 and IRAT-144 
found to be very promising under mid altitude situations 
of Meghalaya and Mizoram. RCPL 1-87-8 found suitable 
under iron toxicity wetland conditions in valley land. NEH 
Megha Rice-1 & 2 is suitable for high altitude. In· mazie 
RCM-1 -1 perfonned better than Vijay composite and other 
local varieties. In upland mid altitude ofMeghalaya Maize 
(green co bs) groundnut/soybe.an foll owed by 
rice+groundnut/soybean/rice and musta.rd perfonnep well 
(300 per cent cropping intensity). At Basar (Arunachal 
Pradeshl, maize+bean .(! :2) gave maximum net· return 

.. during khar.if. Maize and r ice alone gave lowest economic 
return . Rlce+gingyr, maize+ginger etc. not .compatible 

.. component in''cropping system for upland . .Row ratio 
between. main crop and intercrop must be evaluated to 
achi'eve high~r :.~rhC!utdvity in ·mixed stan'd . Ri'ce+ 

·, . ·groundh.uiJs'04§be~i1·ah~r row ratio and maize+groundnut/ 
. "'" . -i'~"":( f l ~ · ~ ~ • : 

. soyoean a't 1·;.:1 row ratio .found to be optimum at Barapan i 
' . '(Meghalaya)"conCJTtions. Rice ·and maize·8eing the .rriain 

. crop. ofthis re.gior) , ~ny,,new cropping system. s~o~ld be 
either ~ice bas.ed of maize based for different locations and 
situations. w~ have a lre~dy, developed rice-wheat, maize­
wheat and wheat-soybean <iropping systems suitable for 
this reg'i~n'{Singh . et. al. '! 998). . 

.. Effect of Dates of Sowingffransplanting 
. . 

Dates of sowi~g/transplantin g are · major factor 
influenced yield of most of the. crops. The.re fore, crop 
should be sown C\t optimum date .. of sowing for the main 

, crop, intercrop or crops in sequence to achieve target yield. 
Fanners should be aware about the pattern of pre as well 

,-as post monsoon rainfall so that sowing of crops is done in 
time. Generally, maize is 50\Vn in north-eastern states in 
'between last weeks of February to last week of March on 
· the.pre-monsoon rain: Ma'in kharif crop of rice, groundnut 
and soybean performed well when so~n between middle 

. of'May and middle of June. Li_kewise, transplanting of rice 
' should be completed by !st week of June in high altitude, 
· ·middle of July in mid altitude. For pre-kharif rice, sowing 

' ' 
. t· riu.st. b~ done by the ~nd fortnight of March. For mid-
. altitµ de Rabi crop (mustard), sowing should be done in the 
'·~ 2n{~ortnight of October. Row to row as well as plant-to-

- ,., plant-. i5·-another facto r, which in fluenced · production 
.potef)t'ral .of any crop . Main tenance of proper pl ant 
population pei: ha is very important to achieve optimum 

. ~ .yi~~fl. Spacing for important crops are as follows-for rice 
·~;;(d iretHeed ing)-2C»tm' apart, for r ice (franspl·anti ng)­

.. 5~x, l~O-c n;i · apart , fo r J'!l a ize-60c mx25c m apart, fo r 
·;, gro_~~~~ut-30cmx.I Oc'm apai! and for soybean-45cmx I Ocm, 

respectively. ' · " - ' · · .,:<: 
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Nutrient Management 

The soils of these regions are deficient in almost all the 
plant nutrients because of low inherent capac ity of so il & 
medium humus content, less so il depths due to low 
deposition of parent material. In order to achieve the higher 
yield of crops and maintenance of fertility of soil, it is 
necessary to apply plant nutrients through organic or 
inorganic sources. Well-decomposed organic matter should 
be applied as much as possible as it helps to ameliorate 
soil, uptake of other macro and micronutrients. Based on 
the experimental evidences, for rice 60-80:60':40 kg, maize 
100:60:40 kg, groundunt and soybean 20:60:30 kg NPK/ 
ha fot,md to be optimum. ln intercropping systems i.e ., 
rice+groundnut/soybean, maize+groundnut/soybean. 
application of additional, Pp ;@20 per cent o~ normal 
dose found to increase crop yi~ ld . Lime @ 2 t/ha and or 
FYM @ 5- lO t/ha app lication every 3-4 years is essential 
to maintain soil fertility. 

Fertilizer use efficiency in these high rainfall areas is 
low. therefore, suitf!ble nl)trient carrier should be chosen 
for obtaining higher yield oYcrops (Patel & Munda, 1991 ) . 
Ro~k phosphate coated urea (RPU) and gypsum coated 
urea (GCU) applied on two equal splits (Basal+Pl stage) 
gave higher yield than three ?Plit application of urea in 
rice. In maize, urea super granule (USG) gave highest gra in 
yield than that ofGCU, RPU, AA and urea. 

· Increasing co~t of fertilizer coupled with low recovery 
of applied nutrient due to high rainfall and heavy surface 
runoff, it has become necessary to lessen burden on 
chemical, fertilizer and find out alternative sources to 

supply nutrients to crop plants. Moreover, indiscrim inate 
use of fertilizers may create pollution hazards in the lower 
ridges due to wide variation in alti tude and slopes. The 
~ cientist to replace commercial fert i I izer by biological 
fertilizer put considering the above facts a thought forward. 
Biofertilizer Azolla was tried in Barapani for its gro\vth 
and mul!iplication, it has been observed that out of six 
strains trient viz., a microphylla, A. rubra. a 111.:xicana, /\.. 
Filiculoides, a. Carol ina was found to be most suitable strain 
under the agro-climatic condition of Meghalaya . . /\. . 
caroliana fixes about 30- 35 kg N/ha per month. During 
the crop season, about 90--150 kg of N could be obtai ned 
by use of Azolla in paddy field. 

Bio-fertili zer azo ll a cou ld be su pple mented \.vith 
nitrogen fertilizers in lowland rice. Application ofTrcsh 
azolla, composted azolla or green rnanure of Ambrossia~ 
was quie promising. Fresh azol la @ I O/t/ha or comp.ostcd 
azolla @ 2 t/ha+50 per cent !'< through inorganic source 
gave maxi1r1um grain yield of rice (Patel et.al. , 1991 ) . 

The application of 50 per cent of the optim'um dose or 
ferti lizer to ,each crop of rice and wheat in sequenc-: gave 
optimum yield and net income. The application of fo nnyard 
manure (PYM) worked for rice only. There was a 
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substantial rcd uctio.n ·i n yie ld with a decreasing rate -0f · 
fertilizer to wheat as compared to rice. The content of 
exchangeable Cai+, K + and available Pin the soil increased 
by application of fert ilizer and manure, whereas the organic 
carbon content increased only by the application of FYM 
(Rai et. al. 1990). Application of 120, 34.4 and 49.8 kg N, 
P and KJha increased the grain yield of rice by 46 per cent 
and wheat by 85 per cent over the control in rice-wheat 
cropping system and yield of maize by 202 percent and 
wheat by 176 percent in maize-wheat cropping system 
(singh et. al. 1987 ). 

Weed Management 

Keeping the crops free of weeds for certain period during 
the crop growth is very important to achieve maximum 
yield of crops. Because during this period, crops face severe 
competition from weeds for nutrients. moisture, space and 
light. Studies on cropweed competition showed that the 
critical period for keeping the crops free of weeds are 50 
DAT/DAS, 60 DAS and 45 DAS for rice, maize arid 
soybean/groundnut, respectively (S in~h .et..al. I ?9,8} .. , ,, 

Weed problem is very severe paticularly in upland 
throughout the North· eastern region. In upland, crop yield 
is severe ly affected due to profuse growth of weed. 
Experimental resul ts showed that pre -emergence 
application of butachlor@ 1.5 kg ai/ha followed by one 
mechanical weeding (hoeing) at 40 DAS was very effective 
in upland rice (Singh et.al 1998.) Pre-emergence 
appl ication ofbutachlor @0.75 kg ai/ha within 2 days of 
sowirig followed by post-emergence application,of 2, 4 D 
@ 0.5 kg ai/ha was highly effecti ve and economic in upland 

. rice. 

In maize, pre-emergence application of atrazine or 
simazing@ I kg ai/ha fo und to be effective in controlling 
weeds and maximizing maize yield (Singh and Patel, 
1991 ). 

Application of isoproteuron @ I kg ai/ha + I per cent 
urea solution followed by 2, 4-D Na salt@ 0.5 kg ai/ha 
along with 0.5 per cent triton found to be effective in 
control I ing weeds and increasing yield of wheat. crop (Singh 
et. al. 2002) 

In rice-'·groundnut intercropping systems pre-emergence 
application or bulachlor @ 1.5 kg a i/ha perfom1ed well. 
There was no toxic effect of butachlor on groundn ut. 
Similarly, pre-emergence application of sizazine@ I kg 
ai:ha within 2 days of sowing followed by one hand weeding 
at 40 DAS was highly effective in controlling weeds in 
maize ·~groundnut intcrcropping systems. 

In ~oybean and groundnut, pre-emergence application 
ofcithcrpc;idimcthalinorbutachlor@ l kg ai/ha followed 
by I one weeding at 30 DAS was very effective in 
controlling weeds ai~d obtaining higher yield of soybean 
<111d groundnut (Singh & Patel, 1991 ). 
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In rice-wheat cropping system, weed-free crop 
mechanical weeding (25 and 50 DAS) during el 
cropping season registered highest gra in yield 
minimum weed infestation . Among the herbic 
treatments benthiocarb (50 EC) @ 3 I/ha and 2. 4q 
salt@ !kg/ha were found better than oxidiazon @ i 
kg/ha and benthiocarb (Singh et. al.. 2002) 

Water Management 

No11T1ally, there is no need of irrigation during mons~ 
season. In winter season, rabi crops need adeqL'. 
irrigation,· as post-monsoon rainfall is not sufficientf 
successful crop production. Experimental resu lts shm1 

that water harvesting and conservation during both' 
season (kharif and rabi) gave higher yie ld in upJ). 
conditions. In upland .. water rett:ntion is very poor wtt 
lea.ds to moisture stress for upland rice evem in the monsl 
season. Therefore, water harvesting in situ by bundin{ 
necessary for obtaining higher yield of upland rice. DuJ 
rabi season, moisture stress_ in upland is very sevd 
Therefore, conservation of residual soi l moisture or wi ~ 
rain is very important. Application ofmulch@5 t/ha aid 
with phosphorus is useful for obtaining higher yield of ri 
crops (mustard etc.) especially in tilla land which suffj 
from acute moisture stress (Singh et.al. 1998). 

Relative Contribution of Management Factors 
' 

Input investment on profitable crop production is re lat 
to the proper allocation of management inputs. In upla1 
rice producti¥ity, maximum contribution was obtained frc. 

weed control (39 per cent) followed by improved vari( 
(25 per cent) and line sowing method ( 19 per cen . 
Contribution from fertilizer application and plant protecti< 
measures towards grain ferti lizer application and pla 
protection measures towards grain yield of upland rice wi 

Jess (Patel et.al. 1988). Under wetland situation, applicati~ 
of recommended dose of ferti lizer contributed as high i 

70 per cent towards grain yield followed by weed contn 
( 13 per cent) and plant protection measures (I 0 per cent 
The situation in wet terrace land conditions of Sikkin 
Nagaland etc. the relative contribution of managemer 
factors .were different. Under such conditions, inclusion< 
improved rice variety (70 per cent) contributed max irnu1' 
towards grain yield. Application of fertil zer was sccon 
important component for increasing rice yield in w( 
terrace land. Simi larly in maize, inclusion of improve. 
variety (67 per cent) was main ly responsible for increasint 
grain yield of maize followed by recommended dose q 
fertilizers (24 per cent). 

Topo-sequcncc 
I 

Cultivation of crops in topo-sequence is use ful on hi ~ 
slopes. Normally, rice is taken in the bottom and cassav;~ 
buckwheat etc. grown at the l:lpper terraces. Maize is grow~ 
next to rice. Soybean and groundnut may be grown in mi 
terraces. 

;I gricult wal Sit uat inn in lmli · 
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. ~~p p.roduction in this region is mostly rainfed and 
ratnfed upland constitute maximum area (>70 per cent) 
u'nder <:ultivation. Grain yield of rice and maize is very 
oo~ fn upland situations. Productivity per unit area can be 

ine;eased by intercropping systems or parallel multiple 
.c~~p.ping systems in upland rice or maize. Experimental 
·R~sults showed that rice+groundnut/soybean at 3: I row 
}a~i.o and maize+soybean/groundnut at I: I row ratio gave 
maximum total yield and not return (Singh et.al 1998). 
J>arallel cropping of arhar in rice and maize is promising 
;pr.ovided suitable plant protection measure is taken against 
pigeon pea pod borer. 
'• ·;".t!.,-. 

l:farvesting 

-&~crops should be harvested in time to avoid loss in yiclp. 
fee .should be harvested in 35--40 days after heading 

.d~pending upon altitude, variation, being more in high 
altitude· conditions. Groundnut, soybean and maize should 

.,. '4 be harvested in about 120, 1.45 and 125 days after sowing. 
·~· .,,-
{:.~tY-· Future Strategy 
~ ·._,.;._< 
t~·C· · .. T_here should be appropriate combination of food, 

. :l ·.:fodder (an_imal husbandry) and fuel under crop pr~duction 
, ,. because mixed fanning systems are very much prevalent 

· ',: .... in . this region. Crops grown in isolation may not be 
~ -.. : .; sustainable due to small & fragmented land use systems. 

:.:; , _'Keeping this in view, research on crop· production systems 
1 ~-

-~ ~ - .· t'Qr hills are suggested as below: 

i~ 
a 

The entire valleys of the region should be utilized 
for rice production . At least two crops of rice 
(HYV) should be -taken. For this, irrigation 
potential has been created. Package of practices 
for double and triple cropping in each zone has 
been evolved. 

The farmers ' practices of raising vegetables like 
tomato, French bean and chi lies during pre-kharif 

· following by rice in main varieties and suitable 
package of practices. 

Studies on intercropping systems of agricultural 
crops in agro-forestry and horticulture systems 
according to so ild depth, gestation period of 
horticultural/agro-foresn)' plantations along with 
their allopathic effect are necessary. 

:J dose d · ¥, 
t ,~· 

Studies on root ·syste ms of trees/pl ants in 
horticulture and agro-forestry systems for efficient 
intercropping of food, fu el and fodder on hill 
slopes. I ~ 

ul on hil -~i, 
cassava -~·. 

: ) 
1s grow1 .: 
min mi 

Studies on identification and development of 
package of practices for fodder production (trees 
and grasses) during lean period for successful 
livestock ·production. 

,. 
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