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Abstr,1ct 
Moth bean (Vigna ac.:onitifi,Na l. ), clusLer bean (CywmJpSis tetmgon<,/qba l.Taul).) and sonamukhi (Cas.sia 

angust(follu Yahl) were grown as iniercrops under agri-honi-silv_i sysLem wiLh 7-year-old plaotmions of ciLrus I Citrus 

auralllifolia (Cristm.) .Swinglel. bael £Aegle marmelos (L.) Correa) and gonda (Cordia myxa L.) at research f'arm of 
Cemral Ariel Zone Research Institute, RcgionaJ Research Station. Bikaner, during two consecutive yea.rs of 2008 and 
2009. Highest seed and sto,•er yield of moth bean (460 & 1881 kgha 1 in 2008 and 320 & 1304 kg/ha in 2009) and cluster 
bean (623 & 2146 kgha'1in 2008 and 533 & 1838 kgha1 in 2009) as well as, the leaf and seed yield of sonamukhi (323 & 
53 kgha·' in 2008 and 415 & 80 kgha·' in 2009) was recorded in intercropping with citrus, Among the different levels of 
irrigation applied to fruit trees. irrigation at 80% of potentiaJ crop evapotranspiration (E·rc) gave the highest yieJd and 
water use. efficiency in all the crops. while the lowest was recorded at 40% El"c. It was also observed that cluster bean 
intercropped with citrus recorded the highest WUE (3,76 (kgha·1mm·1),
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.lntroduclion 
The lndi:m al'i<l zone which covers around 12% 

of country·s geographical area is charactc.riz.cd by low and 
erra1ic rainfall wilh ex1rernes of ternpera1ure (1-48'-'C), 
high wind velocity and strncture less sandy .soil with low 
wmer holding capaci1y and poor nu1rien1 s1a1us (Kaushik 
N al., 2014). These arc compounded by unsusiainab1c- use 
of land and incn::.asing lmo:i:m p<>puh)1ion. placing 
unprecedented demand for food and natural n:::sources, 
chalJenging mosl of the arid and semi-arid regions with 
the task of producing more per un.it faud w.ith 1he ium1Le 
lirnitaiions associated with them. Arable cropping in the 
arid region is oflen risky and crop yields are meagre- and 
onstable: and cons�quently th� incom� from ..::xisting 
cropping alone is insufficient to sostain the farmers' 
family. Therefore, to mitigate lhc risk and uncertainty of 
the incomi;: from conv..::nriona.l cropping, it is crocial to 
integrate various agricultural enterprises in the production 
prograuunc and develop location specific land use 
inanagemenl systems which can improve total land 
productivity and give susrninable agriculturaJ production 
and provide economic stability to lhe fanncrs throughoul 
the whole year. 

An integrated approach of land management in 
arid areas is essential tor c:ft1cient utiliz:itjon of natural 
resources, to meet 1he requirements of farmers without 
dete.rlOrnting lhe land productivity and also to s1abilize the 
income, \\'ith their modest rainfall. arid regions are 
characterized by relatively i'ewer species than the better­
watel'ed biomes but are endowed with app,·eciable agro­
ecological div..::rsity aod hence various components viz. 

crnp . .-inirnal. m�e. grass, fruit tre� can be incegrated in 
productjon system for live.lihood security. Perenniat�­
bascd pl'()ducljon systems: ag_ri-ho1·ticulture and agro­
forcstry are considered eff

ec1ive smncgy for improving 
productivity, employment opportuni1ies, econornic 
condi1ion and nu1ri1ional security (Pareek, 1999; Chadha. 
2002). They arc essenlial ror meeting the rcquircmeo1s of 
the t:Vt:-r-iJ1Crt:asing populali()n anti manf1gjng nfJtural 
resour<:e,S, AgroforeSlry systems can enhance; Lhe I.Qt.al 
production by improving soil fertility (Singh, 2010). 
conll'olliog erosion ;)nd replen.ishing uutricnts removed 
through biomass harvest (llany et al., 2010). improving 
microbial population (Yadav et al., 2008; Vallejo et al., 
2012). economic benefits (Jianbo 2006; Fad! & Shdkh 
2010), and notrient and water-use efficiency (Anderson Rt 

al. 2009; Pinho er al., .201 l), The objcc1ivc of introducing 
woody perennials in funning system is not only to cover 
the risk of crop failures but also to meet the denrnnd for 
fuel. food, fruit. fodder and small timber, Trnditional n·ce� 
integrated farming syslems are adopted since lime 
immemorinl for security of food. fodder and fuel wood in 
drought-prone ;U'id regions (Ndayambajc and Mohrcn. 
2011: FAO. 2013). but are unable to meet the requirement 
of the ever increasing biotic pressure. Also. in most of lhe 
re.gions. pe.ople are unenthusiastic to adopt agrotbrestry 
bec.ause of lesser short term benefits from tree species. 

Ag.J'i.JtoniculturaJ systems which integrate 
horticultural species with arable crops ensure income to 
the farmers much earlier. Integration of horticultural 
specie.(; pl'ovidc.(; incorne at l'egular intervals to the 
fa.rmt:rs. in additioo to pl'Oductio1l obtained from 
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agricultural ctops during the early stages Qf tree
establishmenc (Kaushik and Kumar. 2003). Ag:ri­
horticuJturnl systems can provide increased income
1hroughou1 1he year and minirnizc lhe risk of 1otal failure
or the system productjvity as in tr:1ditional agriculture.
Keeping in view these findings, fin cxpcrimi;nt was 
conducted a.t research fam1 or JCAR-Central Arid Zooe
Research rnstitute. Regional Research Station, Bikaner
during 2008 nn<l 2009 wilh the objectives of ll$St:.S$in_g the
performance or difl'erent trees and crops in agri--horti
system in arid part of western Rajasthan ;it the higher flgc
of trees eve.n (up to 8 yearS).

Material and method$
The present investigation wns carried out at the

Rc:sc:arch Farm of Centr.tl Arid Zone Rcsc:m:h lnstitulc,
Regional Research Station. Bikaner (latjtude 28.03°N, 
longitude 73.19°E), lodia during kha_rif 2008 and 2009
with the existiog 7 year old plantation of citrus !Citrus
aurantifolia (Cristm.) Swingle). bacl (Aeglc marmelos
(L.) Corre.al and goncfa (CorditJ myxa I.. . )  maintained
under drip irrigation system. The total rainfall during the
year was 273. l mm & was 352.5mm (Jan-Dec) in 2008
and 2009. respectively h was 7.05 and 62.74% higher
than normal average rainfall (255 mm)durin.g 2008 &

2009 ,re.spcctivdy. During the cropping SC,ftSOO (Ju)y­
October) the total ,·ainfall was 97.5mm in 2()()g 256.4 inm
in 2009 (Fig. I). ·111e soil of the experim�ntaJ site was
alkaline (pli 8.3), non-saline (EC, 0.22 dS m"1), loamy
sand wilh organic carbon. LO g/ kg. available N 89.7
kg/ha, available P 8.0 kg/ha and available K 234.1 kg/ha
and can store moislure 112 mrn n\'1 soil profile. The plan1s
were grown at three irrigMion levels i.e. l' 1 (40%E'Tc). 12
(60%ETc) and I, (80%ETc) on the ba;is of 
evapotranspiraLion. Moth bean ( Vigna acouitifo/ia L.),
clusterbcan (Cyamopsis retragonoloba L..'Tat1b.) and
sonamukhi (Cas.,·ia angu.,·tifi)/la Yahl.) were g .. own a�
intercrops under rain�fed condition during kharif season.
Recommended ugronl)m,ic practicci; and plant protection
measures were followed for iodividuaJ crops and trees.
The trees viz. citn.1-S, bael and gonad were planted at 6 m x.
5 m disrnnce in which the intercrops were grown in the
tree row spacing of' 6 m. FertiJizers were applied as per
t,hc recomn11;ndations of tree species and inter crops.
Experiment was taken under strip plot design with three
replications. AJI growth parameter of fruit trees were
iaken during the month of November. Data was
statisticaUy analyzed by the procedure described by
Gomez and Gom�i ( 1984).

Rainfall pattern during 2008 & 2009 
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ReiulL'S and Discussion
Gl'owth of fruit tl'ees 

Oiffen:ml i_rriga1ion levels significantly affected
the growth param.eters (plant hdg.ht. set·m gird1 and tree
canopy) t.lf fruit trees (Table I). The highest plant hc-ight
for all the tl'ees was recorded at 80% ETc irrigation level.
which was higher by 2.1 and 13.69 % in citnis: 5.14 and
9.29 % in bcu-1 and l.37 and 4.4:1 % in grmda C.(>mpared
to the other two treatme,ns ie. 60% a11d 40% ETc
inigation levels. rc-spcctivcly. The same trend was 
observed in case or stem ginh a.od lJ·ee. canopy which was
highest in 80% E'lc irrigation level but was at par with 60
% E'Tc i_rrig:a1ion level (Table I).
Rainfod ime1·cropping; sigoifica.ntly affected the growth of
all the fruit trees. Highest tree height of cim.is and bacl
was recorded in intet'cropping with moLh bean whereas

highest tree height of goncla was recorded in. intercropping
with clust�r bean. The stem girth and tree canopy of all
the rruit 1rees were ill pnr under in1ercropping wit.h mOLh
bean and cluster bean, but it wt1s significantly higher
comp&rccl t(> tree.,; which \1/crc gr(lWU with no
intercropping (Table I).
J:i'ruit yield 

Aboul 4() % planls were in fruiLing nnd me.an
highest fruit yield of citrus (235.0 kg/ha and 248.28 kg/ha
in 2008 ii.ml 2009, respectively) was recorded in c.ilru$
inlercropped with moth bean giving ntaximum fruit yield
(350.0 kglha in 2008 and J87.75 kglha in 2009) al 80%
ETc in-igation level. This was 8.6 and 16.0 percent and
89.2 and 124.3 per cent higher compared to intercropping
with cluster bcao and .sooamuk.hi, in the years 2008 and
2()()9, respectively (Table 2).
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Yield of intercrops 
In 2008. moth bean and clusler bean did not 

perform wdl and plant popuhltion as well as grain 
fonna1i,m was impm�r and unsatisfactory, due to p(x>r 
rainfall and long dry spell after sowing. During lhe crop 
season of 2009, even though total rainfall was normal, ilS 
dis1ribu1ion was skewed resuhing in poor yield of rainfod 
mOlhbea.n and clusterbean, The highest seed and stover 
yit.:ld of both moth b...:an and cluster bean was recordt.:d 
with citrus which was significaotly higher thao chat with 
bael and gonda. Sonamukhi gave s.1risfr1ctory yields and 
during l;x)1h the years, Lhe higheSI dry leaf yield (323 k.gha 
1 in 2008 and 415 kgha·1 in 2009) was ,�corded with ciu·us 
which was 7.3 and 28.9 % higher over intercropping with 
bacl and 68.2 and 48.2 % higher over intcrcmpping wi1h 
gonda in 2008 and 2009 respt;:ctively (Table 3). At 
d.iffercnt irrigation level$, irrig:uion :;tl 80% ETc of fruit 
cree.s gave the highest leaf and seed yield and lowest was 
ot the level of 40% ETc (Table 3). 
The beuer perform::-.nce of al I 1he in1.ercrops t1ssocia1.ed 
with citrus ,night be due to lcSS co,npetiti<>D from citrus 
tn;.;s for moistur.; :md nulrii:nts in cornparison to ba.;I and 
gonda. Along similar lines. Yadava e, al. (20 13) reporled 
ll1a, the highest iota! bioJogical yield and seed yieJd or 
mung be-an and cluSlcrbcan was recorded in inlcrcropping 
wiLh citms compared 10 that with mopane 
(Colophospermum move.me) and shisham (DalbergU,
sissoo) in Bikaner. Further. Dwivc<li ct al. (2007) tilS<) 
repol'ted the highest wheat yield under citrus plantation 
followed by aonJa and mininn1m crop yield under guavH 
plantation. 
\Vatcr lL�C efficiency 

Wah::r u$e effic.iency (WUE) of different cmps 
val'ied from 0.62 co 3.76 kgha' 1mnf1 (Table 3). Antt)og 
lhe different levels of irrigaljon. irrigation at 80%£Tc 
gave the h.ighe$l waler use efficiency in all the in1crcr()p$. 
This suggcs1s chat \VUE increas�d with the incre.ase in 

lcvds of b:rigfltion. Th.is 11Jight be du-: to the fact thflt 
biom:ass produced by crops increased propo1·lionately with 
the total water used by 1be crops. The WUE was highest 
with cluSlt:r bean fr>IIOwt:d by molh bean, while 
s011amukhi recorded the lowest \VUE. The highest \VUE 
in aH the intcrcrops was recorded in intercropping with 
ci1rus followed by bael and 1he lowest was observed wi1h 
gonda. ln contrasl. Kaushik et al. (2011) reporied that 
irrigfltion at 40% ETc for tl\!:t..: spt.:des (shisham + aonla. 
shisham + guava. khejri + guava. khejri + aonla) gave the 
highest WU'E in intcrcroppcd tomato. Irrigation water use 
efficiency (IWUE) in an ag:ri-siJvi-horLi pn)<luc1j()n ,,;ysLem 
of umi-arid �cosyscems in Hal'yaoa was found to iocJ'eas,,e 
with the use of drip irrigation. without any loss of yield in 
the cliffcrcnt Cr()p components (Ki,ushik ct al., 2014). 

It is evident from the data that the highest yield 
And \VUE of all Lhe intcrcrops was ob$crvcd in 
irHercropping with cirrus. This ,night be due to less 
competitive effect of citrus on intt.:rcrops compared to bael 
nnd gonda . .BeoiwaJ "' al. (2008) observed 1hm lhe root 
biomass (lc.nsity of citrus a1 a radial distaoc.t of 1.0-2.5
meter Wl'IS very less (16.7 g m--') cornpared to shisham 
(74.7 g m'3) and mopane (134.8 g m·J). They ful'lher
reporied tha1 as the root biomass and soil moisture 
ex1rac1ion by citrus in the cropping zone (i.e. 2.5 m radial 
dist:ance) wa.� less. it could perfom1 well in agri-honi 
syslern with minimum effect on crop growth and yield. 

The Stud)' rcvc.alc<l that intcrcn:>pping: ()f cluster 
bean. moth be.an and sonamukhi in agri-horti system c.an 
successfully be clone in drip irrigated 7-ycar old citrus 
plantations without any r�<luclion in productivily of 
imercrops as well as the growth and yield of ciu·us trees, 
Selc:cl ion of horticultural tind f.1gricul1ura.l crop$ is very 
crucial fot 1he success of the iotegratcd system. Hence, 
location specific agtolOrcslry system models have to be 
developed for increased yield, waler use efficiency and 
subsequcmly higher cota1 income. 

Table I. Growth or fruil trees as affected by imercrops & inigation levels under drip irrigation sys1em (Mean of lwo 
vears 2008 & 2009) 

Tn:e h..:i�hl (cm) 

Trtc.11; 
Irrig:t1ion levels (%ETc) hH('1'Cr◊pS 

80 60 •o Moth bean Cluster bciin Sonnmukhi f't() Cl'C)[) 

Citms 275.61 257.52 23l.54 n2.4s 2.'7.07 207.87 214.75 

Bae/ 333.92 297.48 278.35 406.l-t9 2.83.19 263.85 237.20 

Gond<J 204.28 211.90 172.57 176.45 199.38 256.71 190.40 
Mean 271.29 255.62 227.37 302.80 266.34 242.81 214.12 

CD5% lrri= 19.8 lrri x trec-=34.31 Trc-c�,;= 19.8 Tree- x crop=3V.62 

Siem i1.Ll'th (cm 

Citrus 345 31.83 30.17 34.78 30.78 28.78 24.33 
Bae/ 31.17 29.25 25.83 28.22 30.89 28.33 27.56 
Gm,da 25.67 30.75 23.25 28.89 30.78 22.56 24.0 

Me.'\n 30.45 30.61 26.42 30.63 30.82 26.56 25.3 
CDS% Itri= 2.52 lrri X lre<:=4,37 Trees= 2.52 Tree � crop=.5,05 

in·c ctmo ...... (m2
) 

CitJ'llS 7.39 I 6.21 I 6.04 I 1.96 I 6.49 I s.31 5.45 
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81.tf'( 8.01 6.12 5.50 7.03 7.33 5.65 5.76 
Gonda 6.09 6.23 4.46 6.03 4.90 4.43 4.59 

f-'kan 7.17 6.17 5.32 6.99 6.24 5.11 5.02 
CD5% lni= 0.90 lni x tree= 1.56 Trecs=0.90 Trcexc:rop=l.81 

T bl 2 M a C e:)n lnnl VIC ( ( i:. a 11 k b "1) um er t rm 1n·1),l,:'ll1(m SYSlem t unni:. _ I. ?008 & 2009

Irrhzallon levels(% ETc) 2008 Infaation levels (% ETc) 200<) 

Au-ri�horti S\'Slem (drio irrie:ation) 80 60 40 Mean 80 60 40 Mean 

Citl'US +Moth 350 253 102 235.00 387. 75 263.87 93.24 248.29 
Citrus+ Guar 322.4 235.8 90.5 216.23 334.33 258.27 53.28 215.29 

Ci□'US + Sonamukhi 185 199.5 86.33 156.94 172.89 125.87 79.92 126.23 

Mean 
285.80 229.43 92.94 -- 298.32 216.00 75.48 --

C05% 30.64 28.63 

Table 3. Yield and water use efficiency of r-aintCd intercrops m1der a.gri�hol'ti system (fruit trees in drip il'rigation system) 
d . 2008 & 2009 unne. 

Y ielcl of rainfed intercrops (qlha) with fmit 
tn.,"Cs(drin irri11ation) 

Fn1it Moth bean Cluster bean Sonamukhi trees 
See Stover Seed Stover Leaf Seed 
d vicld vield 

2008 

Citrus 4.60 IS.SJ 6.2.l 21.46 3.23 0.5.l 

B:1el 3.63 14.85 4.87 16.76 3.00 0.65 

Gonda 2.93 L 1,97 3.60 12,J? 1.92 0.53 

CD5% 0.80 2.40 0.80 2.60 2.72 0.57 

2009 

Citrus 3.20 13.04 5.33 nus 4.15 0.80 

8a�I 2,78 11.37 3.32 11.41 3.22 0.68 

Gond:;i 2.49 10.16 2.10 7.19 2.80 0.:14 

CD5% 0.18 J.42 0.32 4.20 2.93 0.55 
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