
l r ldiar~ J. Agron. 41 (4) : 633--63,7 (December 1996) 

Effect of Eucalyptus densities on fodder yield of winter 
crops in saline soils 

C. B. SINGH AND H. K. SINGH 

A ~ Y O  Energy Unit, Division ofAgronomy, Indian Agricultural Research Institute, 
New Delhi I1 0 012 

Received: April 1 9 9 5  

ABSTRACT 

An experiment was conducted under irrigated condition during 1984-91 to find out optimum tree 
density of Eucalyptus for higher biomass production at New Delhi. Nine planting geometries consisting 
o f 0 . 5 m x  l .Om,0.75mx 1.0m,0.5mx1.5m,1.0mxl.0m,0.5mx2.0m,0.75mx 1.5m,0.75 
m x 2.0 m, 1.0 m x 1.5 m and 1.0 m x 2.0 m were randomized and studied in 3 replications. After 63 
months of plantations (December i989), oats (Avena sativa L.), barley (Hordeum vulgare L.s.1.) 
Egyptian clover or berseem (Trfolium alexandrinum L.) and turnip [Brassica rapa (L.) Thell. emend. 
bletzger] crops were introduced as intercrops between the row spacings during the winter season 
1989-90 and repeated in the next season of 1990-91 along with 1 pure crop treatment (without trce 
association). The tree populations during this period were 17,083; 10,138; 9,652; 7,222; 7,847; 6,944; 
5,347; 4,789 and 3,958 treesfl~a. After 78 months of plantations (March 1991), among all tree densities 
combinations, 3,958 treesha interspaced at 1.0 m x 2.0 m attained the maximum shoot height (16.33 m) 
and girth at breast height (28.37 cm). Combined fresh and dry biomass of intercrops was also 
significantly higher when intercropped under same tree density and were respectively 27.29 and 4.45 
tonneslha in 1989-90 and 27.70 and 4.48 tonnesha in 1990-91. While 38.07 and 6.02 tonnesfha in 
1989-90 and 38.47 and 5.98 tonnesfl~a fresh and dry biomass yields respectively were given by these 
crops when grown as pure crops. Barley crop outyielded all other 3 crops significantly in respect of fresh 
as well as in dry biomass accumulation during both the years. The trend was found in order of barley > 
oats > berseem >turnip. 

An estimate geographical area of more 
tkan 21 5% (8 million ha) in India is affected 
with problem of root-zone salinity. Al- 
though, the public, privatc, voluntary and 
other agencies are taking every care on the 
reclamation of these lands, the area is ex- 
panding due to creation of new irrigation 
sources (canal etc.) and also the practice of 
increased application of chemical fertilizers. 
Besides, there is increasing demand for 
food, fuel, fibre, fodder etc. due to expand- 
ing human and domestic ani'mal popula- 
lions. consider.ing this, there is'yery little 

possibility to allot more area under tree and 
fodder crops. Thus to increase the produc- 
tion potential on per unit area basis, one of 
the alternatives before us to accommodate 
trees and arable crops association under 
agroforestry system, which is a viable alter- 
native land-use system. This prevents fur- 
ther land degradation and also it leads to 
sustainability of degraded lands (Thind and 
Dhillon, 1994). Agroforestry which involves 
adding woody plants with annual or peren- 
nial crops or livestock, increases the bio- 
physical or socio-economic productivity of 
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Table 1 .  Effecrof Eucalyptus trees densities on its x 2.0 m (p9), respectively consisting of 
growth (lengh and girth of shoot) 

- .20,000, 13,333, 13,333, 10,000,'10,000, - 

Treatment 
. - 

.Eucalyptus trees - - -  8,888, 6,666, 6,6b6 and 5,000 trees/ha?..The ' 
(after 78 months) - 

- - 
, - soil was ?Gdy loam in texture and was 

. - length - g,rth- medium in organic carbon, ~itrogen, phos- 
(m) (cm) -. phorus and potassium with saline reactior~ 

Flant density 
' (pH 8.1). A d o s ~  of 60'g urea per pit was 

L 

"1 12.46 -13.39 mixed up in the soil befo-r>e planting the - =. 
P, 13 6s 17 21 sezdlings. The cultural practices adopted 
''3 13.52 16.18 . -" . during the period were as per the standard 
P4 15.51 + 2L90 ,: method followed 5y Mathurer al. (1984) 
P5 14.44 19.36 

15.06 20.78 . 
After 63 months of plantation (December 

P6 

15.60 23.99 ~ - _ 1989), oats, barley, berseem and turnip 
p, 
P, 15.77 25.83 

. crops-were introduced as annual iiltercrops 

P9 16.33 28.37 between the' rows of various Eucalyptus 

"10 treatments (P, to P,). An additional sole 
CD (P = 0.05) 0.754 2.078 crop treatment (P,,) of all 4 crops was in- 

Details of plant densities are give11 under Materials cluded with the same plant geometries. 

and Method. Split-plot design was adopted and replieatea 
--. 3 times.. The management practice; tolthe 

an agriculture enterprise-mentley, 19851.- intercrops were adopted as per the recom- 
Research findings show that agrofor~stry mendzt.ions. The varieties grown were bar- 
can also improve the fertility and ~roductiv- ley, oats, berseem ,and tyrnipc yere L,DL 
ity of poor soils<A:s boundry plantatihs-of '..454', f p 3  j', 'v&dan'-.ind ' p ~  W G ~  . 

~ u c a l ~ ~ u t s  improve the fertility status of respectively: A recommended dose 80 kg N 
adjoining fields, an experiment was desk- and 50 -kg P20,/ha ,was applied for oats, 
nated to-determinitheeffecti~f Eucalypcts barley and turnip, while 30 kg N and 80 kg 
and its tree densities on oats (Avena sativa p20,/ha was dppl&d for berseem. 
L.1, barley (Hordeufl vulgare L. s. 1% E ~ P -  Interception of solar kadiation on crop 
tian clover or berseem (Trifolium' canopy was recorded at 50 and 75 days after 

: alexandrinum L.) and turnip [Brassica raps solI,ing during the y e m  of experimentation. 
(L.) Thell. emend. Metzger], - Light intensity was measured 3 times a day, 

MATERIALS AND METHODS 
- i.e..0930, 1330 and 1630 hr at 5 places of 

% A  a c each treatment in lux units znd fina; ;; conl- 
The ffield experiment on Eucalyptus- puted as mega-jo-le- (MI) by using the foi 

l7ybrrd was initially laid out-at the" research ,,fa. 10,090; luxes = 3.47 M ~ / ~ 2 / d ~ ~  :Table 
farm. New Dehi, during 1984-1991 in ran- 4). 
domized block design. The treatments corn- 

~f~~~ 78 months of~ucalyplus plantation , 
prlsed 9 combinations of tree geometry, ~ i z .  (March 1991), the survival of population 
O ( P ~  ), 0.75 (P2), was 17,083, 10,'138, 9,552, 7,222, 7,847, 

3 ' O . j  n1 (P3), (p4), 0.5 6,944, 5,347, 4,789 and 3,958 trCes/hi un- 
-- 2.0 (P5), 0.75 IS (P6), 0.75 der treatment P, to P,, respectiveli7 ~ h o o t  

-- 20  (Pi), xi (P8) and length (m) and shoot girth (cm) at breast 
5 1 
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Table 2. Interaction effect of Eucalyptus tree densities x intercrops on fresh biomass production (tonnesiha) of inter- 
crops 

Tree dcixity 1989L90 1990-9 1 
% - 

- Oats Barley .Berseem Turnip-Average Oats - Barley Berseem -Turnip Average 

l'] 1B.75 14.36 4.32 0 8 1 1  13.60 14.63 6.40 0 8.67 

p2, > =  
17.64 18 22 6.33 0 10.55 17.24 - 18.00 8.30 0 10.90 

?? 19.60 20.62>: 12.48$ = 0 13.11 18.92 19.86 14.50. 0 13.33 
l'4 21.94 22.95 18.00 0 15.74 20.78 21.80 20.30 2.60 16.31 
p, 2356'" 24.66 20.40 4.37 18.25 22.62 23.75 22.43 6.30 18.28 
"6 2622 27.44 ' 25.41) 6.00 21.27 25.44 26.35 - 26.10 10.20 22.02 
1'7 28 00 29 32 32 53- . 9.20 24.76 27.21 28.43 36.50 13.97 26.55 
"8 27.98 28.84 30.93 9.00 24.19 27.16 28.50-34.40 13.80 25.97 
PP 31.14 32.66 34.12, 11.23 27.29 30.28 30.90 36.40 13.99 27.70 
P,O . 38.18 .40.30 40.92 33.10 38.07 37.75 39.6 43.50 3350 38.47 

Average 24.80 25.91 22.55 7.29 24.11 . 25 20 24.82 9.35 

CD (P = 0.05) 
Tree densities 1 10 0.95 -- - 
lntcrcrops - .. 0.58 0.54 
Tree densities x 1.83 1.70 

intercrops 

Dctails of plant densities are given under Material and Methods 

Tihle 3. Interactio~i effect ofEucaZypfns tree densihes interct~ps on djbiomass production (tonnesha). , 

Tree dcn21ly 1989-90 ' 1990-91 

Oats Barley Berseem Turnip Average Oats Barley <&meem Turnip Average - 
l', 2.27 2.62 0.57 . 0 - 1.37 2.24 2.62 0.83, 0 1.42 . 
P2 2 90 3.40 0.84 , 0 1 79 ,.-. 2.90 3.32 1.80 0 1.83 
P3 3.25 3.86 1.59 '0 2.18 3.12 3,66 1:86 0 2.16 
P4 ' 3.64 4.26 2.42 0 2.58 3.44. 4.02 2.65 031 ,2.61 

Ps 396 4.64 2.64 0.54 2.94 3.74 4.34 2.96 .0.80 2.95 

"6 - 4.12 4.84 -3.31.' 0.78 3.26 4.21 2.91 3.38 1.37 2.97 
p7 , 4.72 5.52 4.24 1.20 3.92 4.46. 5.22 4.74 -1.96 4.10 

P8 , - 4.70 5.50 4.80, 1.19. 3.87 4.50 5.26 4.80 1.85 4.02 

p 9 . - r ,  . = ! 5.20. 6.14 4.76 , 1.70 4.45 4.55 - 5.72 4.75 ' 1.97 4.48 

Pro 6.40 7.50' 5.36 4.80 6.02 6.18 7.24 5.58 4.92 598 
.4;erage 4.12 4.82 2.98 1.%2 3.97 4.43 3.23 1,32 

/ 
- .  cap ='005) ' ,  

4 - Tree-densities ' : 0.05 0.06 -. 
lnlercrops - 0.07.~: 0.04 
Tree dens~ties x 0.2 1 _ -  0.12 - 

Intercraps 

Details of plant dens~ties are given under Maienals and Methods 
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height 0f:~epxeient~tive Eudalyptus ti&#.:, ha): at .cl&e-f::&fjacing df .O:glm'x -1.0 G..i&-; .. 
plot were mea,$&d by mea$ucing.tap,..Bfa+ :: s~cted:if$gro\&h fi te&$...6f--hii&t (-liy$6gz.. 
mass accumulation, of  each crop was re- m) :and :gifihh ( 13- i9-:cij :i&ii;@fedi ;. . , . !  . . . . . . .  

co:dcd 90 days afier .-*<-,. sowiiig ?,-,,: except berseem. with-re~;iinin~.tidedli~ifi&i; +hil2:iiiixi-' 
~ i ~ ~ $ ~ ~ - j ; i ~ l d ' $ f b ~ ~ ~ ~ k ~ -  recprd<d'at rnu~ihkigfit ('6_33iin) ghd.&h (28!.37',a)' 

., : : ...~ , *.. .~, : .; .-> . . . . . .  . .  

50,-'70 and.190"d~<$,afte~ . . . . .  ~ . . . . . . . . . . . .  .soeingll~he :data of wer< f&drd~d ..und&f: the :lo$$stitiee d$nsityil : 
~ z l c a l ~ ~ f u s ' '  biometri-c. . obsk6ations were (3,958 triek/h$) itsp$ciiig.af t,cOm k.-2.0 :m. :- 
anal~sed~by using-the:procedure of statisti-. - This migHt.be.du'e-:ti) ~ ~ f i ~ i e ~ t a v a i l a b i l i i j - -  - ' -- :- cal2ana1j~is '& " a ~ o ~ i g ~ & $ l & k  <design, ofrgpac~;l(ght, s~~rief l ts l~:~fi$~oil : . f i~iStui& 

wherea~ the.dala.of . .. .:_ diopi . . .  .ivireaihysed. ... ... by as ib'iilp'ifed:*iihihighdr tr&d6n$iti6s; . c T k  -I; 
fo l lowin~~ the , . p roce~  of split-plot design. findiigs-z&irfirirlthe re$idt-dfiKrishn3$Yi;ain'i . . .  . . .  -' 

. , ... . . , . .  : 

. .  i.:. . :.,_ . . , ,. et al-  (1982)-,':; ;. .'!:5- ' .:.: i .  .:>: ': ; :; 
' RESULTS AND DISCUSSION -Signficantly':hi&fier fresh b h d k s i  : of 

- ~ i . ~ & t h  paianie'tcrssuch:as t@e.height;'' (27.29 -'anid, 273'0: ti&negha resp;ecti.&ly) 
:. 2.' , * . . . .  , .' . . . . . .  . . . ,  

and, gfrth .at.'breast. helg~lt were affected by was. a6i:6mulat,ed ibyia'lr-th& &ropsiwheii,i$*- 1 '  

vzrious plantkg geiiietry treatmenG.(~able tercr0ppedruiideril6w~st tree.-dCnsit- (31.958, . 
I). -The highest-treedensity P;'(17,083-.treed .. treCs/ha) 19&9-90: 'afid .1'9.5~0~9'.1',, . . .  . . . . .  . . . . . . .  . . .  . . 

: : . . I  :. ...* 1 . -  . . %_ _ , . . . .  , ? . . .  , :  : . .  .: ........: ............. ,.i: . . 
. . ~, . j~ 

; .. 
Table 4;1nterieitio1i . . . . . . .  of sola&diatiqn . . . . . .  bi..kks & influenced bj;.~ei~densitiki.~f-~u'&$~ru>&dinteicro~s '. *. 

. . . . . . .  . . . . . .  . . . . . . .  . . .  . .  . . .  , .  .: , . . - .. . . 
: .  

.., -i:__. ..; /:..-. . . . . ~ .. . . . . . .  . . . .  *... ~reatnient ' ' 
:. . . . . . . .  . . . . .  - : .  . !ntercep!jo.n ("/. ): .; 

. . -~ . . . . . . .  ., . - . . " . . .  . 
. . 

- ,  . ' .  ~ 

. ~ .<.. ,~ -1 1989-90 ,,r; , ,; .- . - -  ' - . - 
. . . .  . . . . . . .  ;. ' 1990-91:. I.!:~: ; , I ,  i , ; '  . . .'I. . . -  -. . 

: . 0 -- . . . . . . . . . .  . . . .  i ,,.. ,,.: . .:::.:,,:. . . . 
. . 

. . .  . . . '  50 days$:. ::: 75.;;ia+*: -..50 &ays*. : ..,%id;:'.*: . . . . . . . . . .  , , : _ .  = ,. . . . . . . .  .. , , . . , . .  YS 
. . .  . . .  .:.:.,,-$,: >:..;*.~ . : , .,;-,.~ :?i>~;, ,:,;- -.. :* ::.-.: 

Plqnting geometry of Eu~alyptptus "-'- .:.:, ,, ...:. . - . . . .  .,,.!,!.: .. . *-.: , . . . .  . . ,  _ .  . i:.. - . . .  .... . . . . .  . .  
"";;:-) ::,<; :.::: r 

~ < . '  . . .  . . :, . z  . . l : .  n s . i  ., 
Ir, (17,083 ti<es/ha) : ::. .......... '30.3 1 (2.27)** 28.94;(+?9): . . .  . .  :30;.03, (2.48)- .. .~,! -28.2k :(1::8.8) . .  

Y 2  (10,138 treesha) :,.:-:;.,. . :  .134:!2' (2;56).- 3268?(2;,02>.-;.~ -.3,3i89;:280) . ,--, ,32.5,4.(2i1.7):.:: . 
. . 

P-, (9,652.treedha) ' ' 35.10 (2:63j.'';. 
. .  , 33.41 (2.06) :-- 34.38 (2.84). .::i:  33-85 (2.25)- . :: 

i: 

-1>~'(7,222 treei@j' ;~: ' ,- .  : '.::; : ", -35199 . ,~ -(2:.70): . ~ . .  ' 34;95 (2216). : r .... 36.19- (299)~ ;i .35:81'(2.38) 
. . . . .  

P, (6,944 treesha) 38.84 (2.91) 38.10 (2.35) 39.68 (3.28) 38.59 (2.57) 

P, (5,347 treesha) 41.85 (3.14) 42.00 (2.60) 42.70 (3.61) 42.12 (2.81) 

PI, (sole crops) 100.00 (7.50) 100.03 (6.18) 100.P3 (8.16) 100.00 (6.66) 

lntercrop 

I, (oats) 

I, (beseem) 44.08 (3.30) 43.35 (2 68) 44.68 (3.68) 43.70 (2.89) 
- * I, (turnip) 44.16 (3.32) 43.38 (2.68) 44.80 (3.70) -. 

43.73 (2.92) 

*Days after sowing 
Figures in parentheses are actual solar radiation (MJ/m2/day) under intercepti~n (%) 
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d w ~ t h  the .rccprded biomass yields densities. This study re-established.the find- - L  

8 tree densities. However, the ings reported by Sharma(1987): 
hlghcst biomass (38.07 and,38.47-tomes/ha . - 
respectively) werc accumulated when grown . . REFERENCES 

- ~ 

pllre crops. *lmost, similar tiend was ~ ~ d ~ o ~ a d h y a y .  S. K.. 1988 Solu~~i:t ion intefception, ' 
soil, water ahd nitrogen use, in sorghum b&ed 

discernible for dry-biomass accumulat~on intercropping s&em with ligumes. Indian Jour- 
durlng both the ycars. It,indicated that the - nal Agronom333 (1) :-~l-36:T - 
hlgller trec density had more suprcssing ef- -' Bentley, W. X, 1985. Agroforestry;a strategy for. re- 
rcet on crop, vis. reduced solar radiation on- search and action in lnd~a.,,scussion paper series 

No 97, Ford Foundation, Delhi. crop C ~ ~ ~ O P Y  %and lower availabiliwof nutri- Del Moral, and C, g. ;ti.g6g. Fog drip : A 
cnts, Similar results were reported by.Del ' - mechanism oftoxin tratispo'&from ~~~~~~t~~ 
Moral and Mullcr (1969) and Hazra (1990). globulus. Bullet~n, Torrey Botanical Club 96 . 

A~nongst the intercrops, barley 467-475. 

outvlc&d in respect or  fresh alld dry biom- Hazr% C., R. 1g90. Forage from,agro.based production 
?ystems in Bundelkh-md Region (In) : proceed- 

ass ! lclds during both the years (Tables 2. , ing of IS W a n d  R:C., held at Iiehra Dun dur- 
3). Turnip was most affccted crop by Euca- mg 9-13 october, pp. 437-5. 
(\plu.s trce denslUes. The trend of biomass Krishnaswimi, S., Rai, R' S V. and Srinivasan, V! M. 

accuri~ulatlon was in order of barley > oats > 1982. Sampling growth of Eucalyptus teretr- 
cornrs undtr various edapho-climatic region of T bcrsccm > The of the adverse ' 

' N. lndlanJourna,ofFote<t~y 5 (7)*-25. 
cffecls on biomass yields, especially in the- ~ ~ ~ h u r , ~ ,  S ,  K. K, and Ansari, M. Y. 1984, - casc of turnip was due-to higher extent of Economics of Eucalyptus plantations under 

shadc affect under closer p l a n t a t i ~ n f  EU- agroforestry. Indran Forestry 110 : 171-20 1. 

cnly[,l,w trees ( ~ ~ b l ~  4) TThe crop canopies ShannX XIK.lS7. Effect of trees on aagriulbral crops. 
I.pgitu!ional Seminar, Forest Research Institute, 

grown as intcrcroys under tree plantations - Dehra Dun. % - 
could gct only 28.2 1 to 48.93% solar radia- Thind, H. S. and Dhillon, M. N. 1994 ~ e s a d e d  lands of 
lion or the'interccpted so:ar radiation by- Punjab and their develtiptnent through 
crop canopies grown as pure crops:Reduc- agroforestry. [In) Agrofarestry Systems for 

Degraded Lands. I. pp. 3-12- Singh, Punjab, t1on In solar rad~atoll on intercrops was 're- Pathak, P. S. and Roy, M. M. Oxford & IBH 
flcctcd due lo vicinity of Eucalyptus tree Publishing CO. Pvt Ltd, New Delhi. 
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