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ABSTRACT

The allelopathic potential of top soil, rhizosphere soil, leaf mulch and
aqueous extract of Chukrasia tabularis A. Juss., Gmelina arborea L., Michelia
oblonga Wall. and Terminalia myriocarpa Heurck & Muell. Arg. were determined on
rice (cv. Nagaland Special), maize (cv. Vijay Composite), green gram (cv. SG-I), rice
bean (cv. Nagaland Local) and rapeseed (TS- 38). Inhibitory effects were more on
germination, dry matter yield and pigment contents of all test crops than on root and
shoot length. All test crops were found sensitive to allelopathic influences of tree
species particularly, 7. myriocarpa and M. oblonga. The allelopathic influences were
species specific. Rapeseed and legume test crops were highly susceptible to toxicity of
trees than cereal test crops.

Key words: Agro forestry, allelopathy, Chukrasia tabularis A. Juss, Eastern
Himalaya, food crops, germination, Gmelina arborea L., greengram,
maize, Michelia oblonga, pigment, rapeseed, rice, ricebean, root length,
shoot length, Terminalia myriocarpa.

INTRODUCTION

Woody perennials release some phytochemicals into the soil which adversely
effect the germination and yield of understorey crops (7). Allelopathic interactions in tree -
crop associations in agroforestry greatly influence the crop production. In most cases, the
allelopathic effects are selective and vary with tree species (13). Although, the toxic
metabolites are present in all plant parts in different concentrations, but leaves are the most
potent source of allelochemicals (2).

C. tabularis and M. oblonga are fast growing timber tree species in
agrisilviculture agroforestry system in Eastern Himalaya (17) and provide quality
firewood. G. arborea is promising multipurpose tree spp. (wood provides quality timber
and firewood, foliage is used as fodder and fruits are edible). Hence it is major spp. in
plantation forestry in eastern Himalayas and in agrisilviculture agroforestry system (17). T.
myriocarpa is also an excellent timber and firewood species of Eastern Himalaya, hence
grown extensively in agrisilviculture agroforsetry systems (17).

Aqueous leaf extracts of these trees [Chukrasia tabularis A. Juss., Gmelina
arborea L., Michelia oblonga Wall. and Terminalia myriocarpa Heurck & Muell. Arg] are
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allelopathic to germination, root-shoot growth and dry matter yields of test crops (rice,
maize, green gram, rice bean, rapeseed) (2). In this study we have determined the effects of
different growth media (containing allelochemicals released by the trees) on germination,
growth attributes and Chlorophyll ‘a’ and ‘b’ of these test crops.

MATERIALS AND METHODS

The study was conducted at Medziphema, Nagaland, India, (25045'24" N latitude,
93°1526" E longitude and 250m asl altitude). During the study period, the mean maximum
and minimum air temperature was 31.6 and 24.2°C, respectively, total rainfall: 207.6 mm,
relative humidity: 86.5% and total sunshine hours were 176.4. The study consisted of 3
factors, (i). Agroforestry Trees spp.: 4 [Chukrasia tabularis A. Juss., Gmelina arboreal
L., Michelia oblonga Wall and Terminalia myriocarpa Heurck and Muell], (ii). Soil
mediums: 5 (Top soil, rhizosphere soil, field soil [outside the wood lot]+leaf mulch, field
soil+leaf extract, field soil control) and (iii). Test crops: 5 [rice (Oryza sativa L. cv.
Ranjit), maize (Zea mays L. cv. Vijay Composite), rice bean (Vigna umbellata Thunb. cv.
Naga Local), green gram (V. radiata L. cv. SG-1) and rapeseed (Brassica campestris L.
cv. TS 38)]. The treatments were replicated four times in Complete Randomised Design.
Experimental soils were sandy loam in texture (pH 5.1-5.5, organic carbon 1.6-2.0%,
available N, P, K 233, 10.2 and 202 kg/ha). The test crops were sown in pots (0.45 x 0.30
cm, 5 kg soil) in first week of June 2008 using the following germination medium:

(6)) Top soil collected from the 15-years old native woodlots of above tree species,

(ii))  Rhizosphere soil collected from the root system of the above tree spp. from native
woodlots (after digging 2-3 ft. near root zones),

(iii)  Field soil (collected from outside the woodlot) + leaf mulch (20 g per pot @ 5
ton/ha) mixed in the top layer of each pot,

(iv)  Field soil irrigated with 5% aqueous leaf extracts of above tree species,

(v)  Field soil irrigated with tap water (control).

The pots were maintained in net house and watered regularly. The 5% aqueous
leaf extracts (pH 7.2) of each tree spp was obtained after Hollis et al (8) and stored in
refrigerator at 4+1°C. 100 ml extract was added per pot before seed sowing. Seed
germination was recorded 7 days after sowing (4) and shoot length, root length, dry matter
production and pigment contents at 30 days after sowing. For pigments, three replicated
measurements were undertaken for each test species following the Holm (9) method.

For statistical analysis, critical difference between treatment means was
calculated to observe the significant variations at 5% level of probability.

RESULTS AND DISCUSSION

Oryza sativa (Rice)
The growth media of M. oblonga (except leaf mulch) and 7. myriocarpa
significantly reduced its germination compared to control (Table 1). Top soil and leaf
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mulch of C. tabularis and aqueous leaf extract of G. arborea also significantly reduced the
germination. The rhizosphere soil of G. arborea, M. oblonga and T. myriocarpa and
aqueous leaf extract of M. oblonga suppressed its shoot length. The aqueous leaf extract of
C. tabularis; aqueous extracts and rhizosphere soil of G. arborea; rhizosphere soil and leaf
mulch of T. myriocarpa and all growth media of M. oblonga (except leaf mulch) reduced
the dry matter in rice. The growth media of tree spp. more severely suppressed the pigment
contents than germination, growth attributes and dry matter yield. Top and rhizosphere soil
of all tree crops (except 7. myriocarpa); leaf mulch of C. tabularis,
M. oblonga and T. myriocarpa; rhizosphere soil of C. tabularis and M. oblonga; and
aqueous extract of T. myriocarpa significantly decreased the chlorophyll ‘a’. All growth
media of C. tabularis and T. myriocarpa; top and rhizosphere soil of G. arborea and
M. oblonga and leaf mulch of M. oblonga inhibited the chlorophyll ‘b’ content (Table 1).

On the contrary, the Top soil, leaf mulch and aqueous leaf extract increased the
root-shoot length of rice by 3.2, 10.4, and 3.7 % respectively (Fig. 2). However, the
growth media inhibited the germination, dry matter yield and pigment contents.

Zea mays (Maize)

Growth media significantly inhibited its germination, dry matter yield and
pigment contents. The leaf mulch and aqueous extracts drastically inhibited the
germination. The inhibitory effects of aqueous extracts on germination of maize are known
(16). Similarly top soil and rhizosphere soils inhibited the germination of maize (6).
However, the aqueous extract stimulated the root growth of maize (5) (Fig. 2) and
rhizosphere soil increased the root-shoot length over the control.

All growth media except aqueous leaf extract of C. tabularis; top soil of
G. arborea, and rhizosphere soil of M. oblonga reduced its germination than control
(Table 2). All growth media of M. oblonga and T. myriocarpa (except leaf mulch of both
tree spp.); top soil of C. tabularis, and rhizosphere soil of G. arborea significantly
suppressed the dry matter yield. Similarly, leaf mulch of all tree crops; rhizosphere soil of
G. arborea, M. oblonga, and T. myriocarpa and aqueous extract of C. tabularis and
T. myriocarpa significantly suppressed the chlorophyll ‘a’. Likewise, all growth media of
M. oblonga; rhizosphere soil and leaf mulch of C. tabularis and T. myriocarpa; aqueous
extract of G. arborea; top soil of T. myriocarpa and aqueous extract of G. arborea
suppressed the chlorophyll ‘b’.

Vigna umbellata (Rice bean)

Soil mulched with tree leaves caused maximum inhibition in germination (12.5%)
over the control but stimulated the shoot length (13.4%). However, the aqueous extract
increased the germination (3.4%) compared to control.

All growth media of M. oblonga significantly suppressed its germination. Top
and rhizosphere soil of M. oblonga and T. myriocarpa and rhizosphere soil of G. arborea
decreased the shoot length (Table 3). Top and rhizosphere soil of M. oblonga and
T. myriocarpa and aqueous leaf extract of C. tabularis and G. arborea inhibited its root
length. Top soil and rhizosphere soil of M. oblonga and T. myriocarpa and rhizosphere
soil of C. tabularis and G. arborea significantly decreased the dry matter production. All
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Table 1. The effects of different growth media germination, growth, dry matter yield and chlorophyll content of rice

Growth media Germination Shoot kength Root kength Dry matier yield Chlorophyll "a" Chiorophyll v
(%) {cm) {cm) (g/plant) (mg/g) (mg'g)
Chukrasia tabularis
Control 100.0 56.3 563 0.88 1.60 0.60
Top soil 95.0 543 2 .14 1.29 0.49
Rhizosphere soil 100.0 525 308 0.62 112 0.39
Leaf mulch 915 68.4 293 0.82 1.08 046
Aqueous extract 97.5 63.4 32 0.54 1.66 0.37
Mean 97.0 60.0 3 0.77 L35 0.46
CDogs 4.1 8.3 36 0.29 033 0.n
Gmelina arborea
Control 100.0 56.3 263 0.88 1.60 0.6
Top soil 97.5 631 290 0.98 1.08 0.27
Rhizosphere soil 97.5 45.5 266 0.27 1.4 0.38
Leaf mulch 97.5 65.1 30.8 0.71 1.38 0.46
Aqueous extract 925 555 249 0.49 147 0.66
Mean 97.0 51.0 2.5 0.67 1.39 0.47
CDgos 34 98 29 0.36 0.24 0.20
Michelia oblonga
Control 100.0 56.3 263 0.88 1.60 0.60
Top soil 95.0 554 30.6 0.44 1.08 0.7
Rhizosphere soil 925 41.5 255 0.30 0.84 0.28
Leaf mulch 97.5 59.8 263 0.7 1.09 0.37
Agqueous extract 95.0 56,3 g 0.3 L6 0.5
Mean 96.0 550 263 0.54 1.24 0.40
CDggn as ie 35 0.30 0.42 0.18
Terminalia myriocarpa
Control 100.0 48 .0 0.38 1.60 0.60
Top soil 97.5 594 36 0.64 1.56 0.38
Rhizosphere soil 97.5 437 266 0.24 1.34 0.43
Leaf mulch 97.5 563 263 0.59 119 0.40
Aqueous extract 95.0 382 242 0.70 1.08 0.47
Mean 97.5 56.3 263 0.61 1.3 0.46
CDous 22 19 34 0.29 0.3 0.11
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Table 2. The effects of different growth media germination, growth, dry matter yield and chlorophyll content of maize
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Growth media Germination Shoot kength Root length Dry matter yield Chiorophyll ‘a* Chlorophyll b
(%) {cm) {cm) {g/plant) (mg/p) (mg/p)
Chukrasia tabularis
Control 97.5 738 61.6 4.07 1.48 048
Top soil 87.5 76.7 71.8 2.38 1.16 0.39
Rhizosphere soil 85.0 51.8 623 275 1.51 0.2
Leaf mulch 87.5 112 85.6 443 0.94 0.31
Aqueous extract 915 1053 581 4.25 0.91 0.54
Mean 90.0 840 61.9 3.58 1.20 0.38
Cioos a7 13 138 1.67 0.35 017
Gmelina arborea
Control 97.5 738 61.6 4.07 1.48 0.48
Top soil 925 10011 612 4.3 1.42 047
Rhizosphere soil 825 66.6 68.1 1.34 1.2 041
Leaf mulch 725 13 703 2.59 0.91 0.2
Aqueous extract §7.5 835 66.8 319 1.23 034
Mean 86.5 8715 65.8 3 1.25 0.38
Cly e T4 13.6 47 1.49 0.28 014
Michelia oMonga
Control 91.5 738 61.6 4.07 1.48 0.48
Top soil 85.0 62.4 762 2.35 1.26 0.39
Rhizosphere soil 90.0 430 513 1.65 0.91 034
Leaf mulch 80.0 835 61.6 394 1.03 0.36
Aqueous extract 700 738 64.0 259 145 0.29
Mean R45 67.3 629 2.9 1.23 03
Cly s 9.1 19.3 1.0 1.3 0.31 0.09
Terminalia myriocarpa
Control 91.5 4.6 56.5 4.07 148 0.48
Top soil 85.0 579 60.7 237 1.05 0.2
Rhizosphere soil 90.0 35.1 39.1 1.35 047 018
Leaf mulch 875 738 59.7 386 0.97 03l
Aqueous extract 715 822 61.6 2.59 0.91 037
Mean 875 738 616 285 098 .31
Choos 5.9 3.2 121 1.40 0.45 015
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Table 3. The effects of different growth media germination, growth, dry matter vield and chlorophyll content of ficebean
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Growth media Gemmination Shoot length Root kength Dry matter yield Chiorophyll "a’ Chilorophyll '
(%) {cm) (cm) (g/plant) (mg/g) (mg/g)
Chukrasia tabularis
Control 100.0 395 n3 0.76 1.87 0.67
Top soil 97.5 59 329 0.53 1.6 0.51
Rhizosphere soil 100.0 278 328 0.29 1.49 0.53
Leaf mulch 97.5 592 33 0.76 141 0.51
Aqueous extract 97.5 49.7 257 0.77 1.47 0.46
Mean 98.5 424 312 0.62 1.57 0.54
Cloos 1.7 152 39 0.26 0.23 0.1
Gmelina arborea
Control 100.0 39.5 3 0.76 1.87 0.67
Top soil 100.0 46.2 3.2 073 1.9 0.51
Rhizosphere soil 97.5 26.0 316 0.41 1.59 046
Leaf mulch 625 46,1 Mo 0.76 1.68 072
Aqueous extract 90.0 372 2.6 0.66 1.7 0.41
Mean 90.0 390 327 0.66 1.66 0.55
CDogs 1.1 10.3 43 0.18 0.32 0.7
Michelia oblonga
Control 100.0 39.5 313 0.76 1.87 0.67
Top soil 91.5 26.3 246 0.36 1.68 0.51
Rhizosphere soil 91.5 270 248 0.33 1.72 0.58
Leaf mulch 91.5 345 30.3 0.74 1.7 0.62
Aqueous extract 97.5 36.9 29.2 0.62 1.8 0.58
Mean 98.0 329 282 0.56 1.75 0.59
CDyos 1.4 14 43 0.26 0.1 0.07
Terminalia myriocarpa

Control 100.0 313 258 0.76 1.87 0.67
Top soil 100.0 215 159 0.17 1.8 0.65
Rhizosphere soil 100.0 167 182 0.12 1.3 0.48
Leaf mulch 925 395 323 0.66 1.68 0.51
Aqueous extract 97.5 395 30.2 075 1.35 0.43
Mean 98.0 395 3 0.49 1.59 0.55
Choos 31 14.0 10.0 0.4 0.35 0.13




Allelopathic effects of agroforestry trees on field crops 381

growth media of C. tabularis; aqueous extract of G. arborea and T. myriocarpa; top soil,
rhizosphere soil and leaf mulch of M. oblonga and rhizosphere soil of T. myriocarpa
decreased the Chlorophyll ‘a’ content. All growth media of C. tabularis, M. oblonga
(except leaf mulch) and T. myriocarpa (except top soil) and rhizosphere soil and aqueous
extract of G. arborea reduced the chlorophyll ‘b’.

Vigna radiata (Green gram)

The rhizosphere soil inhibited its germination, growth attributes and dry matter
yield. Likewise, top soil growth media also inhibited the pigment contents. However, leaf
mulch increased the shoot length (11.94%) than control (Fig. 2).

All growth media of T. myriocarpa (except top soil); top soil of C. tabularis and
G. arborea and rhizosphere soil of M. oblonga inhibited its germination compared to
control. Rhizosphere soil of C. tabularis and T. myriocarpa and top and rhizosphere soil of
M. oblonga suppressed its shoot length. The rhizosphere soil of M. oblonga and
T. myriocarpa inhibited the root length. All growth media of T. myriocarpa; top and
rhizosphere soil of M. oblonga, and rhizosphere soil of C. tabularis and G. arborea
inhibited the yield. All growth media of M. oblonga; aqueous extracts of remaining tree
crops; top soil of C. tabularis and G. arborea; leaf mulch of C. tabularis and rhizosphere
soil of T. myriocarpa inhibited its chlorophyll ‘a’. Chlorophyll ‘b’ was also significantly
(P < 0.05) suppressed by all tree spp. except rhizosphere soil of T. myriocarpa (Table 4).

Brassica campestris (Rapeseed)

Rhizosphere soil inhibited its germination by 34.7 % (Fig 1). The top soil and
rhizosphere soil were most inhibitory to shoot length as compared to root length (Fig. 2).

All growth media of M. oblonga (except aqueous leaf extract); rhizosphere soil of
C. tabularis and T. myriocarpa, and top soil of G. arborea significantly inhibited its
germination over the control (Table 5). All growth media of M. oblonga; top soil of
C. tabularis; top soil and rhizosphere soil of 7. myriocarpa, and rhizosphere soil and
aqueous leaf extract of G. arborea decreased the shoot length compared to control. All
growth media of G. arborea, M. oblonga and T. myriocarpa (except aqueous leaf extract)
and top soil of C. tabularis also significantly inhibited the root length. Further, all growth
media except aqueous extract of 7. myriocarpa decreased the dry matter content. All
growth media of tree spp. (except top soil of C. tabularis and leaf mulch of T. myriocarpa)
reduced the chlorophyll ‘a’ content. Significant reduction in chlorophyll ‘b’ in rapeseed
was recorded due to the various growth media of C. tabularis, M. oblonga and
T. myriocarpa besides top, rhizosphere soil and aqueous extract of G. arborea decreased
the chlorophyll ‘b’ over the control.

These results showed that 7. myriocarpa followed by M. oblonga were inhibitory
to test crops. G. arborea ranked third in order of toxicity, whereas, C. tabularis promoted
the growth of some test crops. Tree species were more harmful to dry matter yield and
pigment contents than germination and growth. The aqueous leaf extracts of C. tabularis
are least toxic, whereas, other tree spp. are most active allelopathically (2), which supports
our findings.

Some growth media, enhanced the germination and growth in some test crops.
Similarly, leaf mulch and aqueous extract of same tree crop increased the germination in
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Table 4. The effects of different growth media germination, growth, dry matter yield and chlorophyll content of green gram

Growth media Germination Shoot length Root length Dry matter yield Chlorophyll "2’ Chiorophyll &
(%) (cm) (cm) (g/plant) img/g) (mg/g)
Chukrasia tabularis
Control 90.5 469 26.0 1.55 1.90 0.84
Top soil 81.5 41.8 325 073 081 0.3
Rhizosphere soil 925 330 288 047 159 0.45
Leal mulch 925 632 423 263 1.36 0.46
Aqueous extract 90.0 50.2 324 1.26 1.25 0.41
Mean 90.5 464 324 1.33 1.38 0.49
Chaes 26 139 1.6 1.05 0.50 0.25
Gmelina arborea
Control 90.5 469 26.0 1.55 1.90 0.84
Top soil 80.0 50.8 30.5 1.33 1.19 0.34
Rhizosphere soil 90.0 362 28.1 049 1.69 0.57
Leaf mulch 90.0 60.0 325 1.17 1.59 045
Aqueous extract 925 418 3.9 .09 1.25 0.37
Mean 88.5 47.3 298 1.13 1.52 0.51
CDae 6.1 1.1 i4 049 037 0.25
Michelia obonga
Control 90.5 469 6.0 1.55 1.90 0.84
Top soil 90.0 30.4 282 0.65 1.31 0.41
Rhizosphere soil 825 287 14.5 0.05 096 042
Leal mulch 815 400 288 117 1.28 0.4
Aqueous extract 025 469 26.0 1.39 1.37 0.45
Mean 89.5 386 247 0.96 1.36 0.51
CDae 48 10,9 72 0.76 042 023
Terminalia myriocarpa
Conirol 90.5 330 240 1.55 1.90 0.84
Top soil 90.0 36.0 142 0.89 18 045
Rhizosphere soil 80.0 128 13.9 0.63 1.59 0.67
Leaf mulch 825 469 260 0.91 1.89 0.58
Aqueous extract 825 41.5 30.1 085 148 0.52
Mean 85.0 46.9 26.0 097 1.73 0.61
Chae 6.0 185 1.5 0.43 0.23 0.19
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Tabile 5. The effects of different growth media germination, growth, dry matter vield and chlorophyil content of rapeseed

Growth media Germination | Shoot length Root length Dry matier yickd Chiorophyll s Chiorophy1l &
(%) fcm} {em) ig/plant) (mglg) (mp'g)
Chukrasia tabudaris
Control 880 297 166 045 1.43 0.50
Top soil 90 39 35 03 119 0.25
Rhirosphers soil 80.0 55 10,3 0.21 0.50 023
Leaf mulch 900 485 209 0.58 083 02
Aqueous extract 900 151 17.8 0.57 0.96 0x
Mcan 880 254 142 041 104 0,30
Chann 57 234 7.7 023 0.33 015
Gmeling arborea
Control BR0 297 16,6 045 1.43 0.50
Top soil 700 222 1.4 012 0.93 0.20
Rhizosphere soil 85.0 10.9 73 0.15 0.95 0.3
Leafl mulch 850 21.7 11.3 017 0.99 042
Aqueous extract 850 0.3 11.8 023 093 0.34
Mcan 816 209 1.7 023 1,06 0.3
Chyon 8D 83 4.1 017 0.27 014
Michelia oblonga
Control B8R0 297 16,6 045 1.43 0.50
Top sl 125 162 6.5 014 0.83 0.20
Rhizosphere soil 150 139 83 0 om 02
Leafl mulch 700 21.9 116 023 0.78 0.24
Aqueous exiract 925 g 103 0 073 0.23
Mecan 7.0 05 106 02 091 028
Chyon 11.4 16 45 018 0.36 0.15
Terminali .

Control 880 19.1 116 045 1.43 0.50
Top sl TS 30 15 0l 0.83 0.29
Rhirosphere soil 300 28 97 013 0.76 on
Leaf mulch 850 £ 11| 111 02 1.26 0.21
Agueous extract 850 X7 128 03 0.82 02
Mean 73 27 166 024 102 0,30
Chom 123 183 4.1 0.18 0.38 0.14
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rapeseed. Aqueous extract of M. oblonga stimulated the germination in green gram and
rape seed than control. Top soil of M. oblonga enhanced the root length in rice, maize and
green gram over the control. Shoot length of all test crops was higher with leaf mulch and
aqueous extract of C. tabularis. Top soil, rhizosphere soil and leaf mulch of C. tabularis
stimulated the root length of rice, maize and green gram. Top soil and leaf mulch of
G. arborea improved the root length in all test crops, except rape seed. Top soil of
C. tabularis and G. arborea increased the dry matter yield of rice. Perhaps it might be due
to release of secondary metabolites from plant parts, which might have helped in
germination and growth attributes of test species.

The rhizosphere soil, followed by top soil drastically decreased the growth and
yield of various test crops. Soil irrigated with aqueous leaf extracts ranked third in order of
toxicity. Among the test crops, growth and yield of rapeseed and green gram were more
severely suppressed by tree species i.e. these crops were most sensitive.

The different tree components not only affected the germination and growth of
test crops but also the physiological functioning. Kohli ez al (10) and Bhatt and Todaria (3)
also reported suppression of pigments, growth and biomass yield in test crops by tree
species. Strong allelopathic influences of rhizosphere soil and soil irrigated with pulp
extract of Terminalia spp. to test crops like Brassica campestris, Eleusine coracana,
Glycine max and Hordeum vulgare have been reported (1), which supports our findings.
The rhizosphere soil, soil mulched with dry leaves and soil irrigated with aqueous leaf
extracts of Eucalyptus tereticornis, Casuarina equisetifolia and Leucaena leucocephala
adversely affected the germination and dry matter production of sorghum, cowpea and
sunflower (15,16). Thus the present findings are in conformity with earlier findings.

Allelopathic effects of C. tabularis might be due to the presence of triterpene and
cedrelone in roots and 5,7- dihydroxy 2'4'5S' 6-tetramethoxyflavone, quercetin 3-galactoside
and tannic acid in the foliage. T. myriocarpa contains tannin, ellagic, gallic, chebulinic and
chebulagic acid which might have reduced the growth and biomass of test crops. Likewise,
phytotoxicity of M. oblonga might be due to presence of alkaloids and tannins, besides
presence of magnoline and magnolamine in the foliage. Allelopathic influence of
G. arborea may be attributed to presence of alkaloids, tannins, phenolic, benzoic acid and
tartaric acid present in various plant parts (11). Since farmers of Eastern Himalaya are
voicing concern for allelopathic influences of various tree species, detailed research is
needed to verify the magnitude of toxicity of agroforestry tree spp. on test crops in field
conditions, to find suitable tree-crop combinations for rainfed agroecosystems of Eastern
Himalaya, India.
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