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Abstract. A 9-year-old plantation o€olophospermum mopar{&irk et Benth) kirk ex J. Leonard at a
spacing of 5m x 5m was selected to study tree trgpaction with a view to find out suitability othis
species for integration in agriculture land. Diéfet treatments were (i) fixed crop digna radiata(FC),

(ii) rotation crop Vigna radiatarotated by non-legume crop, RC) (iii) sole agtiaté crop (AC), and (iv)
sole tree (TC)Vigna radiata(L.) Wilczek (mungbean) was sown on 21 June 204i8ro-plots of 1m X

1 m size were laid at 1m (near), 2.5 m (middleved trees) and 3.5 m (centre of four trees) from the
selected trees for sampling and yield recordingeeTheight, dbh and crown diameter differed
significantly (P < 0.05) between the plots. Soil water content lpagest < 0.05) in tree-integrated
plots but it increased in deeper soil layers. SVa@ed through non-significant in August, loweBt €
0.05) at 1 m in September to significantB € 0.01) different between sampling distances icddaber
2003 suggesting exhaustive use of soil water bgstr&oil organic matter, available PP, NO;-N and
NH4-N did not differ among the treatments and microtpthough these nutrients differed in soil layers.
Tree water use from 0-25 cm in August, 25-50 cnSé@ptember and 50-75 cm soil layer in December
2003 indicated a competitive nature@fmopanewith the associated. radiatacrop reducing population
and yield up to a level of 97%. Reduction in graias relatively greater than husk (pods after grain
removal). Seedling population and yield were lovegst m distance and increased with distance fitam t
trees. Leaf water status Uf radiatawas highest at 1m and it decrease with distantie aviowest value

in AC plots. Relative neighbour effect values irmdéd a transition from strong competitive to weak
facilitative nature ofC. mopaneand suggested the dominance of competitive effhatig crop growth.
Conclusively, integration of. mopaneeduces crop yield when rainfall is sufficient ypfibr agriculture
crop. Trenching around tree to reduce root oveitappetween tree and agriculture crop and therefore
competition for resources may be beneficial andaané crop yield.

Keywords. Colophospermum mopane, competition for resouraeg, yield, soil nutrients, soil water, V.
radiata

I ntroduction

Trees growing in the agriculture land and communépds of Indian Desert
minimize the risk of crop failure during droughtdafamines by providing fodder and
fuel wood (Shankarnarayn et al., 1987; Singh et2004). However, population of
these are very less that requires further intemmadi trees to improve vegetation status
and would be beneficial for the poor by providirgp tfeed for livestock and fuel for
energy generation. Trees have been found to faeilitegeneration of native and
existing vegetation in forest plantation (Bone let #997), sub-alpine and alpine plant
communities (Callaway et al., 2002), desert commnes{Vetaas, 1992) and the Middle
East (Tielborger and Kadmon, 1995). However, theme also reports of neighbour
interference through allelopathic suppression (frian et al., 1977) and competition
for resources (Singh et al., 2001; Tielborger aadidon, 1997). In agriculture land, tree
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influences crop productivity (Aggarwal and Kuma@90; Brenan and Kessler, 1995)
through soil improvement (Kater et al., 1992; Singh al., 2000), microclimatic
modification (Belsky et al., 1993) and soil watenservation (Gupta and Saxena, 1978).
But limited resource availability in arid and seamid regions, the benefits of tree
integration largely depends upon efficient and gialis management of soil and water
resources. Therefore, selection of suitable tresziep, an appropriate combination of
tree and crop and development of suitable managepnactices like pruning, lopping,
thinning and root clipping are important aspects etthance productivity of an
agroforestry system.

Many exotics likeEucalyptusProsopis AcaciaandColophospermuratc. have been
tried for their suitability to rehabilitate and tocrease productivity of degraded lands
because of their relatively higher growth as corme@ato the indigenous species
(Hocking, 1993). However, before recommending aaculture land it is necessary to
study tree behaviours towards agriculture crop tgyang tree crop interaction using
systematically designed experime@blophospermum mopargkirk et Benth) Kirk ex
J. Leonard is an introduction to India from lowitalle, high temperature regions of
southern Africa and belongs to family Leguminoceagfamily Caesalpinoideae
(Bennet, 1983). It is a widespread tree of therqréats of the Zambezian region and the
river valleys of central and southern Africa (Caat&983). It is a preferred fuel wood
and fodder species at its natural site. Becausts ofiultipurpose uses this species has
been planted to increase the productivity of degglddnds in Indian Desert. However,
it is necessary to study the tree crop interacioterms of competitive or facilitative
effects on agriculture crops for its better useagroforestry or silvopastoral systems.

Therefore, present study was carried out to detegriree crop interactions in terms
of resource use like photo-synthetically activeiaidns (PAR), soil water and soill
nutrients and crop productivity and suggest suitabhnagement strategy for better use
of this species in enhancing productivity of drgda.

M aterials and methods

Site conditions

Study was conducted at the experimental farm ofl AMorest Research Institute,
Jodhpur (Latitute 26°45°N, Longitude 72°03 E) ifjaRthan, India. The climate of the
site is tropical and characterized by hot and dmnmer, hot rainy season, warm
autumn and cool winter (dipping down to °Z). Summer is the most dominant
characterized by high temperature (reaching uPt34in month of May) from March
to mid July and experienced strong winds (usuay8@ km K. The period from mid
July to September is the monsoon season, whichvescenost of the rainfall, which
varied widely between the years [27]. Soil of thxperimental site is aridisol “coarse
loamy, mixed, hyperthermic of Typic Camborthids” per the USDA system of
classification. Soil texture is loamy sand withl gl of 8.48, EC of 0.36 dStand soil
organic carbon of 0.203 in 0-75 cm soil layer. Tepth of the soil is about 80 cm,
below which there is a hardpan of calcium carborzggregates called ‘Kankar’ of
various sizes. Soil moisture storage in the uppeci layer varies from 120 mm at -
0.01 MPato 35 mm at -1.5 MPa.
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Experimental setup

A 9-year-old plantation ofColophospermum mopan&as selected for the
experiment. Different treatment plots were (i) fixerop plot ofVigna radiataonly
(FC), (i) rotation crop plot i.e.Vigna radiata rotated by non-legume crops like
Pennisetum glaucurfRC) in second year, (iii) sole agriculture crdptgAC), and (iv)
tree only plot (TC) in three replications. Eachtplas of 20 m x 15 m size with 12
experimental plants at the spacing of 5 x Bennisetum glaucunvas harvested in RC
plot in 2001 whereas no crop sowing in 2002 becaissevere drought. Therefore,
Vigna radiatawas sown in both the FC and RC plots on 21 Juf3 2fter 64.5 mm
rain between 18 to 20 June 2003. In each plot, toeee was randomly selected and
micro-plots of 1 r area were laid out at 1.0 m (near), 2.5 m (middléwo row of
trees) and 3.5m (centre of four trees) from treeséompling and observations recording
on crop yield, soil water and soil nutrients. Thevere 12 plots (4 treatments X 3
replicates) in randomized block design.

Observation recording

Height, collar diameter, diameter at breast he{glh) and crown diameter .
mopanetrees were recorded in June and December 2008erancrement in growth
variables were calculated as: % incremenk#n(December x in June) x 100K in
June. Wherex is height, collar diameter, dbh or crown diametnotosynthetically
active radiations (PAR) was measured at 1 m distdnam tree trunk (under the
canopy) as well as in the AC plots in September320@h portable C@gas analyser,
model CI-301 (CT-301 PSP CID, Vancouver, USA). Population dfigna radiata
seedlings was counted on 22 August 2003 from theraaplots. Leaf samples of.
radiata were collected on"™8and 18 September 2003 at 14.00 hr and fresh weight was
recorded immediately. Leaf dry weight was recorafer drying the samples at 85 and
leaf water content was calculated. Crop was haddsbm the micro-plots on 31 October
2003 and grain, husk (pods after removal of gramj holm (straw) yields (air-dried)
were recorded after winnowing. A relative neighbaiffect (RNE) was calculated
following the method of Markham and Chanway (Markhand Chanway, 1996). RNE
= (X; -Xo)/x whereX was the performance variables of target speciebsence (t) and
presence (c) of adult neighbours (i@.,mopandrees) and x was the higherXfor X..
Negative values of RNE indicated facilitation arubitive values competition.

To find out the influence o€. mopanerees on soil nutrients and soil water, soil
samples were collected from the micro-plots. Samhples were collected in September
(0-25 cm soil layer) and again in December 2003025, 25-50 and 50-75 cm soil
layers) for soil nutrient analysis. For soil wategmpling was carried out in August
(crop growing period), September (crop maturity)d dbecember 2003 (after crop
harvest). A single soil core was taken using a raeidal soil sampler and divided into
0-25, 25-50 and 50-75 cm layers to observe thevgaier depletion in different soil
layers. Soil water was determined gravimetricalfieradrying the soil at 105 °C.
Gravimetric soil water content was converted to msmg the following equation to
give total soil water to the soil depth of 0-75 c®uil water (in mm) = % soil water x
soil depth in mm x bulk density of soil /100/ depsif water
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Soil sampling and chemical analysis

Soil samples were air dried, ground and passedtonan mesh sieve and subjected
to various analyses. Organic carbon was determimethe partial oxidation method
(Walkley and Black, 1934). Available nitrogen wastetmined after 2 M KCI
extractions using UV-VIS spectrophotometer (Syskomodel 117, Ahmedabad,
India). Extractable phosphorous was determined Hey ®lson’s extraction method
(Jackson, 1973).

Data processing

Data were statistically analyzed using the SPSS$sstal package. Response
variables were soil water, nutrients and leaf watatus, seedling density (seedlings
m?) and yield ofV. radiata(g m? per replicate. Soil nutrients in September 2D2%
cm soil layer), leaf water status, seedling densitpp yield and their RNEs were
analyzed using a two way ANOVA. Treatment plots &mel micro-plots at different
distance were the main effects and the differenae thve error term. Soil water content
data were square root transformed (Sokal and Rb®81). To test for variation in soil
water content in FC and RC plots, three way ANOWAse performed using soil water
data as the dependent variable and treatmentsp4plict distances and soil layers as the
main effects and the residual data as the errarsteBince soil sampling for soil water
and nutrients in December 2003 was done at onardistonly in AC and TC (1m)
plots, these data were analysed by a two-way ANQikg treatments (FC, RC, AC
and TC plot) and soil depth as the main effect. ROIEsoil nutrients in December and
soil water was analyzing by two-way ANOVA for easbil layer independently using
treatments and micro-plots distances as the méatctefTree height, collar diameter,
diameter at breast height (dbh) and crown diametes analyzed using a one-way
ANOVA. Treatment plots were the main effect. Toabtthe relations between crop
production and tree growth variables, soil watemtent and soil nutrients, a Pearson
correlation was performed. To obtain homogeneolrsets in treatments, micro-plot
distance and soil layers, Duncan Multiple RangetsSTé®MRT) were performed for
each data set.

Results

Tree growth variables

Tree height and crown diameter did not différX 0.05) between treatments in both
June and December 200Baple ). However, collar diameter differed significan{ly
< 0.01) at both the time mention above. Diametdraast height was lowP(< 0.05) in
TC plot in June 2003 but it did not diffeP & 0.05) in December 2003. Trees were
tallest in FC plots but collar diameter, crown deder and DBH were greater in RC
plots. All the growth variables were low in the Ttts. When compared with collar
diameter in TC plots, trees were 1.34 and 1.30 thidker in FC plots and 1.47 and
1.50 fold thicker in RC plots respectively in Juaad December 2003. Percent
increments in growth variables in December 2003Kayrowth in June 2003) were
highest in TC plots except of height increment whi@s highest in RC plot3éble ).
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Table 1. Mean growth variables and percent growth increnwrit14 months old C. mopane

trees under agroforestry in dry area of Indian dese

Variables Treatments ANOVA
FC RC TC F value P value

June 2003
Height 535+10.4 503+33.8 476+4.4 2.01 NS
Collar diameter 11.9+0.45 13.1+0.68 8.9+0.24 20.12 0.002
Crown diameter 427+37.1 457+36.7 408+17.4 0.59 NS
DBH 8.6+0.30 9.6+0.71 7.4+0.23 5.51 0.044
December 2003
Height 540+11.6 528+26.8 505+13.3 1.73 NS
Collar diameter 12.2+0.44 13.6+0.66 9.4+0.21 20.26 0.002
Crown diameter 437+37.1 482+49.4 436+18.6 0.48 NS
DBH 8.8+0.27 10.1+0.68 8.6+0.25 3.27 NS
Per cent growth increment
Height 0.93+0.52 5.18+1.73 4.20+0.04 4.54 0.063
Collar diameter 2.26+0.32 2.24+0.60 6.06+1.46 4.44 0.066
Crown diameter 2.38+0.19 5.13+2.38 6.97+2.08 1.60Q 278
DBH 2.75+0.50 5.67+0.72 16.24+2.11 54.29 0.000

Values are mean of three replicatgsSE.
FC, fixed crop plot V. radiata only; RC, rotationop plot in which V. radiata was rotated by nondege
crop; and TC, tree crop only.

Above ground resources

Photosynthetically active radiations (PAR) val. &864.7, 276.0 and 308.2nol m*
st in the canopy zone area (1 m distance from treekjrof FC, RC and TC plots,
respectively. Whereas PAR values in AC plots (agrjculture crop without trees) was
2282.9umol m? s*. The reduction in PAR value under the canopfofmopanerees
were 88.4 % in FC plot, 87.9 % in RC plots and 8.5 TC plots when compared with
PAR value in the AC plots. There was 327.2 mm dairing July to September with a total
number of rainfall days was 26. Main rainfall pesowere 6 to 11 July (121.6 mm), 13
t018 July (83.1 mm), 22 to 25 July (19.5 mm), 28 do 3¢ August (37.1 mm), 8 August
(11.7 mm) and 25 to 29 August 2003 (52.6mRiy.(1a). There was only 1.6 mm rain in
September i.e., on 26 September 2003. Total rainfgear 2003 was 418.7 mm.

Soil water content and dynamics

Soil water content (SWC) was highest in August 2808 lowest in December 2003
(Figure 1BH. Two ways ANOVA (treatment X soil depth) indicdtsignificant P <
0.01) difference due to treatments and soil layer&ugust, September and December
2003. SWC was highesP (< 0.01) in the AC plotsTable 3. In August, AC plot had
101.49 mm soil water (0-75 cm soil layer) that reetliby 45.42 % in FC, 43.92 % in
RC and 36.67 % in TC plots. In September 2003, agalu in SWC was by 38.71%,
36.85% and 24.43% in the respective plots as cosdpar67.30 mm in AC plots-(g.
1b). In December FC and RC plots had 31.51 % andrZ&héess SWC as compared to
35.19 mm in AC plots whereas TC plot had 36.9 % $wiv water. Average soil water
depletion (average of all the four plots) from™8ugust to 4 September and™
September to"3December was 18.64 mm and 23.82 mm, respectigetpmpared to
69.12 mm on 18 August 2003.
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Fig 1a. Rainfall during cropping p eriod
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Figure 1. Rainfall distribution and soil water content in @-¢m soil layer. (a), rainfall during
15 June to 30 September 2003; (b), variations ihvgater content during monsoon (July to
September) and post monsoon period. Non-significéiat> 0.05) different treatments share

same letter within month

A three way ANOVA of SWC in FC and RC plots data diot differ £ > 0.05)
between treatment3 éble 3. SWC differed P < 0.01) between soil layers but did not
vary in micro-plots at different distance in Augui03, whereas in September and
December 2003, the variation due to soil layers massignificant but SWC differed(
< 0.01) due to distances (micro-plots). SWC waseltwnear tree but 2.5 m (middle)
and 3.5 m (centre) distances did not differ in S\WiCSeptember 2003 but all the
distances (micro-plots) indicated significant difiece in December 2003. Considering
the soil depth, SWC was lowest in 0-25 cm soil tagled increased with soil depth.
SWC was lowest in 0-25 cm in August, 25-50 cm ipt8mber and 50-75 cm soil layer
in December 2003{gure 2. All the interaction terms indicated non-signéit values.
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Table 2. Effect of Colophospermum mopane trees on soil veaédus (%, w/w) during crop
growing (August and September 2003) and crop hiingefDecember 2003) period

*+1°06 *x09°91 SNST'T ypdap X Jusumeai],
#+C'9L1 #8L1€ x+E911 pdoq
*#8 V60 *xL 81 *+0'181 juswijeal],
anea J
VAONY SAem om],
91'0FL9T 80°0F8C'S 8I'0FI0L ¢/~
LO'0FTY'] LI'0FSHY E0FY' S 0S-SZ
90'0FEY'1 80°0FC8'¢ 600FYY ¢z oL
€1'0FZE€ 80°0F€L9 0T0%9T6  (g-c7
100F1€°1 0T 0FCr'y TTOFSLL 70 W
6£°0FS6'T  SO'0FSI'T  LOOFITT 6Y'0FE0P 6V'OFIIY 8I0FOCE TE0FL6'S LY OF96'S  9I0¥FTI9 ¢ 1-0S
8€°0F79C  PO'0FOI'T $O'0FSTT ETOFO8'E SHOFS6'E 1€0F66T 6T0F8E'S 9T0¥88Y  STOFLIS  (g-c7
IT°0F9E'E  €0°0F80°C SO'0FSTT LI'OFLZY 1V 0F90Y ITOFLY'E 8E0FSEY SO0F6SE  61'0F68'C 70 N
TTOFT6'T  1€°0FT6'T  90°0FTTT  0S'0F80Y  TSOFVOY 1€0F86'T THO¥909  9I'0FI09  TIOFS6S ¢/
SI'0F86'T  EI'OFIET TI'OFLY'I LTOFS6'E PI'0FOTY PEOFSI'E 60'0FTTS IV0FT6Y  OVOFI8Y  (g-c7
0I'0F00°C 60°0FZTT 80°0FSTT OF0F68'E E€H0FSIE EI'0FPOC LTOFESE TEOFIOV  LIOFFSE 70 o
au) APPIN AN EYTTR) JIPPIN I8N EYTIER) APPIN 16N pdop
€007 12quiddR( ¢ £007 19quiaydag £00Z Jsn3ny g| IS  juduneal]

Values are mean of three replicatgsSE.

FC, fixed crop of V. radiata only; RC, rotation grin which V. radiata was rotated by non-

legume crop; AC, sole agriculture crop; and TCgteop only.
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Figure 2. Changes in soil water content with time in différeail layers and distance from C.

mopane tree. (a), variations with soil depth (meatreatments FC and RC and distance); (b)

variations with soil depth (mean of treatments Fd &C and soil depth). Error bars are +SE
of three replications. Bars with similar alphabelig not differ significantly (P > 0.05)

Soil nutrients

Soil organic matter (SOM), available R®, NH,-N and NQ-N of 0-25 cm soil
layers in September and December 2003 did notrdifeveen the treatments as well as
the sampling position (near, middle, and centegweler, available N©N indicated
low (P < 0.05) value at center whereas middle and centero-plots did not differ in
NOs-N concentration. These nutrients decreased in ideee 2003 than in September
2003 in all the plots except in AC, in which theras an increase in NFN and NQ-N
(Fig. 3). In December 2003, SOM, R® and N@N did not differ due to treatments.
But DMRT indicated low P < 0.05) availability of P@P and N@N in TC and FC
plots, respectively whereas DN was lowestR < 0.01) in TC and highest in AC plots
(Table 3. These soil nutrients were higheBt< 0.01) in availability in 0-25 cm but did
not differ between 25-50 cm and 50-75 cm soil layextcept for Niz-N.

Three ways ANOVA of these nutrients for FC and R&spindicated no variations due
to treatment and distance from tr8alple 3. But the soil nutrients were highes$t €
0.05) in 0-25 cm soil layer. Duncan Multiple Rantest (DMRT) indicated greateP (
< 0.05) availability of SOM (mean of soil depthsdatmeatments) near tree. DHNI
increased with distance and highest concentratias &t centre. N&N was highest at
centre and lowest at middle while PP was highest at middle and lowest at centre of
four trees. All the interaction terms were not #igant (P > 0.05).
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Values are mean of three replicates with + SEareptheses.

Treatments as in Table 3.

Three way ANOVA for FC and RC plots was not sicamit except for soil layers.
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Table 4. Effect of over canopy tree on density of germinagtstllings and leaf water status
of Vigna radiata in post dawn (14.00 hr) period

Treatment Distance Seedling density L eaf water statusat 14.00 hr (%)
(no. m?) 8 September 2003 16 September 2003
FC Near 3.67+0.88a 73.57+0.20a 71.81+0.33a
Middle 6.67+0.88b 72.50+0.12b 70.54+0.24b
Centre 7.00£0.58b 70.53+0.13c 69.54+0.13c
Mean 5.78+0.66 72.20+0.45 70.63+0.35
RC Near 3.67+0.33a 73.20+0.11a 71.18+0.12a
Middle 4.67+0.33b 72.38+0.11b 70.58+0.26b
Centre 6.00+0.01b 70.88+0.07c 70.25+0.22c
Mean 4.78+0.36 72.15+0.34 70.69+0.17
AC 34.67+0.33 66.01+0.31 66.35+0.23

Two way ANOVA for FC and RC plots
Probability of F value

Treatment 4.26 0.23 0.051
Distance 12.05* 221.99* 24.85**
TxD 1.42 4.06* 4.36*

Values are mean of three replicates + SE. Treatmas in Table 2.
* significant at P < 0.05; **, significant at P ©.01.

Density and leaf water statusof V. radiata

Effect of trees on seedling population\6f radiatawas observed since the time of
germination. Density of germinated seedlings waghén € < 0.01) in the AC plots
(34.67 ) as compared to the FC (5.78)rand RC (4.78 i) plots Table 4. Two-
way ANOVA indicated no difference in seedling pagidn between FC and RC plots
(though population was relatively greater in FCtplthan in RC plots) but density was
less P < 0.01) near tree and increased with distancegbeighest at centre, which did
not differ with population at middle micro-plot .m, DMRT). Leaf water status
(LWS) was higher on'8 September 2003 as compared t8' 8&ptember 2003T@ble
4). It was lowestRP < 0.01) in AC plots but it did not differ betwe&& and RC plots.
In FC and RC plots LWS was highegt € 0.05) at 1 m (71.5 %) and decreased with
increase in distance from tree (69.9 % at centre).

Yield of V. radiata

Total yield (grain + husk + holm) &f. radiatawas 95.61, 99.00 and 573.00 & in
FC, RC and AC plots, respectivelyable 5. When compared with yield in AC plots,
reduction in crop yield was by 83.3 % in FC and782.in RC plots. Grain vyield
reduced by 97.5 % in FC and 97.3 % in RC plots,red® the husk and holm reduced
by 91.3% and 74.9% in FC plots and 90.6 % and 7&ifh RC plots, respectively than
in AC plots. Two ways ANOVA indicated no differende treatments (FC and RC
plots) and distance from tree for husk, grain aolinhyield. However, these crop yield
variables were relatively low at 1 m and highestatter. Per cent contribution of husk,
grain and holm to the total produce was 12.6 %@ 28.and 59.1 %, respectively in AC
plots. Average (mean of distance) contribution W#s%, 4.3 % and 89.1 % in FC and
6.9 %, 4.4 % and 88.7 % in RC plots, respectivetyiusk, grain and holm. Reduction
in grain yield was relatively greater (from 28.3 i#h AC to 4.4 % in FC/RC) as
compared to husk (12.6 % in AC to 6.8 % in FC/R@tcent contribution of husk and
grain to the total yield increased with distancarirtree and were highest at the centre
of four trees Table 5.
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Table 5. Effect of over canopy of C. mopane on average yieht’) of V. radiata

Treatment Distance Husk Grain Holm Total
FC Near 5.67+1.01a 3.67+0.93a 78.00+8.32¢c 87.32410.
Middle 6.00+1.15a 4.00+1.04a 83.67+6.50bc 93.6GH3c
Centre 7.33+1.31a 4.67+0.93a 93.83+3.60ab 105.884ab
Mean 6.33+0.63 4,11+0.51 85.17+3.97 95.61+5.01
RC Near 5.83+0.88a 3.50+0.58a 79.50+7.40c 88.85+8.8
Middle 6.33+1.30a 4.33+1.09a 87.00+9.64bc 97.6798Hc
Centre 8.33+0.93a 5.33+0.88a 96.83+5.36ab 110.584ab
Mean 6.83+0.65 4.39+0.51 87.78+4.58 99.00+5.71
AC* 72.3+7.80 162.0+4.48 338.7+29.2 573.0+19.9
Two way ANOVA for FC and RC plots
Probability of F value
Treatment 0.305 0.136 0.204 0.220
Distance 1.974 1.190 2.780 2.695
TxD 0.079 0.103 0.010 0.012

Values are mean of three replicates withSE. Treatments as in Table 2.
One-way ANOVA indicated significant (P < 0.01feliénce among FC, RC and AC plots.
Within each column, treatments which are not-sigaittly different share the same letter.

Correlationsin soil resources, tree growth variablesand crop yield

Tree height, collar diameter and crown diametereweegatively correlated with
SWC in August, September (0-25 and 25-50 cm spérlg and December 2003 (50-75
cm soil layer), soil nutrients and crop vyield ileusk ¢ = -0.917 to -0.971P < 0.01),
grain ¢ =-0.0.933 to -0.98& < 0.01) and holmr(=-0.939 to -0.969 < 0.01) Table
6). A negative correlation was also observed betweea growth and density of.
radiata seedlings. However, growth variable were posijiv&drrelated SWC in 0-25
cm soil layer in December and SOM and NW in September 2003, and leaf water
status ofV. radiata Density and yield oV. radiata were positively correlated with
SWC in all the soil layer in August and 25-50 artd75 cm soil layer in September
2003. But crop yield was negatively correlated wt®M = -0.477 to -0.592P <
0.01) and NEN (r =-0.672 to -0.713 < 0.01) and positively related with R® ( =
0.904 to 0.934P < 0.01) and N@N (r = 0.908 to 0.955? < 0.01, n = 21). Availability
of SOM and NH-N was negatively related with SWC in 25-50 and750em soil layer
in September 2003 in but reverse trend was obsarnvé&kcember 2003. PP and
NOs-N were positively related with SWC in Septembel020and December 2003
(Table §.

Relative neighbour effects

Relative neighbour effects (RNE) values for soiltava(RNEwc) was positive
except for 0-25 cm soil layer of middle and centacro-plots in December 2003
(Figure 33. In August it was highest in 0-25 cm soil layehexeas RNEwc was
highest in 25-50 cm and 50-75 cm soil layers, retpaly in September and December
2003. RNEutrient Was positive for most of the soil nutrients exceptSOM and NH-N
in September 2003. RNrient Was also positive for SOM and R® in 50-75 cm (near
tree), NH-N in 0-25 cm (middle and center of four trees) &¥75 cm soil layers and
NOs-N in 50-75 cm soil layersHgure 3. RNE was also positive for density 9t
radiata and crop yield like grain, holm and the total csoeld (Figure 3c). The values
were higher near the tress as compared to middiecanter of four trees. However,
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RNE ws for V. radiataleaves was negative at all the three distancds lawtest (more
negative) value near the trees.
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Figure 3. Relative neighbour effects of C. mopane on (a) veatier content; (b), soil nutrients;
and crop growth and yield parameters. LWS, leaewstatus of V. radiata seedlings on 8 and
16 September 2003. Error bars are £SE of threeicafibns. Bars with similar alphabets did

not differ significantly (P > 0.05) within the grpa
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Table 6. Correlation coefficient of tree growth variablescember 2003, soil resources

and crop production

Variables Height Crowndia. Collar dia. AUGgwc SEPgwcos SEPswesg SEPswers
AUGswc -0.929** -0.913* -0.907** - 0.446* 0.845** 0.763*
SERywco: -0.374 -0.461* -0.353 0.446* - - -
SERwes( -0.836** -0.876** -0.893** 0.845** - - -
SERwcre -0.770** -0.750** -0.819** 0.763** - - -
DECswca: 0.352 0.316 0.406* 0.289 0.329 -0.137 -0.174
DECswcs( -0.397 -0.399 -0.351 0.439* 0.615** 0.529** 0.406*
DECswcre -0.787** -0.717* -0.738** 0.776**  0.551* 0.814** 0.809**
SER;om 0.564** 0.536* 0.580** 0.485* -0.370 -0.523* -0.8%
SERo.p -0.925** -0.906** -0.957** 0.898**  0.476* 0.915** 0.854**
SERHa-N 0.731** 0.621** 0.751* -0.626** 0.154 -0.548* -814*
SERj0aN -0.924** -0.938** -0.937** 0.914*  0.267 0.835** F54**
DECsom2: -0.695** -0.761** -0.767** - -0.182a 0.396b 0.63@*
DECsowmsc -0.495* -0.356 -0.450* - 0.019a 0.392b 0.387c
DEGCeo.pz: -0.405* -0.290 -0.305 - -0.211a 0.100b 0.167c
DECypa-nsc -0.470* -0.575** -0.520** - -0.003a 0.473*b 0.464*
DECyoan2s -0.674** -0.519** -0.582** - -0.213a 0.293b 0.55¢*
Population -0.978** -0.924** -0.981** 0.947*  0.432 0.918** 0.864**
LWS 0.888** 0.836** 0.880** -0.872*  -534** -0.881* -0.869**
Grain yield -0.988** -0.933** -0.973* 0.956**  0.39 0.875** 0.830**
Holm yield -0.979** -0.950** -0.917* 0.964**  0.396 0.863** 0.828**
Total yield -0.985** -0.961** -0.925** 0.955*  0.38 0.870** 0.831**

Significant at *; P < 0.05 and **; P < 0.01. The ks without * are not significant.

SWC, soil water content . 25, 0-25 cm; 50, 25-50 and 75, 50-75 cm soil layers; LWS, leaf water
status of V. radiata crop.

a, b and c, correlation co-efficient in relation ®WC in December 2003 in 0-25, 25-50 and 50-75aim s
layers, respectively.

Discussion

Interaction between tree and the associated cromrowth resources like light,
water and nutrients affects the overall produgtiat the system (Belsky et al. 1993).
However, the types of interactions depended upenctimpetitive (Inchausti, 1995),
and facilitative (Greenlee and Callaway, 1996) psses (i.e., shading and nutrient
enrichment) of the associated trees. Taller anckéhnitree in the FC and RC plot as
compared to the trees in TC plots were due toworking in the cropping plots. But
greater incremental growth in trees of TC plots@aspared to that in the FC and RC
plots were due to greater availability of soil wadescussed in next sections.

Soil water content

Differences in growth variables &f. mopandrees influenced the availability of soil
water and nutrients. A negative correlation betwteea growth variables and soil water
contents (SWC) showing greater soil water useéas-integrated plots, particularly by
tree as compared to sole agriculture plot. NoniBa@mt difference in SWC due to
distance (micro-plots) in August 2003 was due tailability of sufficient amount of
water received through rain in July and August. lde&r, low soil water in 0-25 cm soil
layer was due to utilization by tree and agricwdtarop Figure 2, though reduction in
SWC in this soil layer through surface evaporatiamnot be ruled out (Gibson and
Bachelard, 1986). Significantly low SWC near treme (1m distance from tree) in
September was due to soil water use by tieble J. Relatively low input of water
through rain between 18 August and 4 Septentiigufe 1) and high water use by tree
in the rooting zone made a gradient in SWC, whidraased with distance from tree
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trunk. However, relatively low SWC in 25-50 cm sdédyer in September 2003
indicated that tree and probably. radiata used soil water from this soil layer.
Variations in SWC became more evident in DecemB&32vhen it was highesP (<
0.01) at center of four trees suggesting greateyuatof soil water extraction by trees
from near and middle distances. A decrease in SW&D+175 cm soil layer in December
2003 was indicative of soil water use from thiselayThis suggests th&. mopane
utilize soil water from topsoil layer during sufenit soil water availability whereas it
utilizes deeper soil water when soil water stressvails in upper soil layers.
Competition for soil water during August and Septem(crop growing period) might
cause reduction in crop yield. Relatively greatsifive RNEwc in 0-25 cm in August,
in 50-75 cm in September and 50-75 cm soil layeD@tember 2003 as compared to
the other soil layers also indicated competitionsoil water use in these layeRdure
3a). A facilitative effect (negative RNfw) of C. mopandrees at middle and center of
four trees in 0-25 cm soil layer in December 2068 ywrobably due to ‘hydraulic lift’
in which tree extracted water from deeper soil taamd redistribute it in the upper soil
layer. Fuentes et al. (1984) also recorded an aserén soil water availability as a result
of facilitative influence of neighbours. Competitidor water and nutrients indicated
overlapping of fibrous roots d. mopandrees and crop as observed in other studies
(Singh and Rathod, 2002; Wallace et al., 1980)itResnteractions found to increase
with stress as evidenced by decreased &N 0-25 cm soil layer in December 2003
as compared to that in September 20B@yre 19, which was comparatively wetter
(Callaway et al., 2002).

Soil nutrients

The mechanism in building up of the soil nutrieendl is the improvement of sail
organic matter and other nutrients through additbhtter by the trees and associated
vegetation and turnover of roots. Significantlylleg SOM, PQ-P, NH;-N and NQ-N
in upper 0-25 cm as compared to 25-50 and 50-7Saiayers was attributed to be
due to greater accumulation of organic matter ensiwface of the soil through litter
addition [Table 3. Litter addition and soil water availability rdgte the organic matter
decomposition and the formation of stable and éabdil organic matter pools (Vitousek
and Sanford, 1986). This is evidenced by signifilga(P < 0.05) greater availability of
SOM (mean of soil depths and treatments) near Tieeugh not significant but lowest
availability PQ-P, NH-N and NQ-N (P < 0.05) near tree as compared to the middle
and center of four trees distances was due to titiézation in tree/ crop growthr@ble
3). Browald (1987) also observed higher concentmatiof NH,-N and lower
concentration of N@N at closer distance of trees indicating an effitiuptake of
nitrate and enhanced mineralization closer to treew (P < 0.05, DMRT) availability
of NOs-N and PQ-P in TC and FC plots was due to utilization byesieLowest R <
0.01) availability of NH-N in TC and highest in AC plots was due to nitrogeldition
through nitrogen fixing byV. radiata a legume crop. Relatively low nutrient
concentration in December 2003 as compared tointh&eptember 2003 was resulted
from their utilization in tree/ crop growth. Pos#i RNE values for most of the nutrients
indicated competitive effect &&. mopanerees for utilizing soil nutrients. However a
few negative RNE values near tree in 50-75 cmlagér for SOM and P©P, 0-25 and
50-75 cm soil layer for NN and 50-75 cm soil layer for NEN indicated facilitative
effect ofC. mopandrees for these nutrientBigure 30, which was due to added litters
or root turn over.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 10(4):(8-519.
http://www.ecology.uni-corvinus.hel ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2012, ALOKI Kit., Budapest, Hungary



Singh — Rathod: Resource use and crop productivigyColophospermum mopatree based agro-ecosystem in Indian Desert
-517 -

Light resource and leaf water status

Reduction in PAR under the canopy@fmopaneby 88.4 % in FC to 86.5 % in TC
plots indicated a dense canopy influencing tramsipin losses of the under canopy
crop. That affected water status \of radiata seedling growing in the vicinity of the
trees. Significantly higher level of leaf water tat in V. radiata leaves in tree
integrated plots (FC and RC plots) as comparetdbih AC plot suggested a reduction
in transpiration loss of agriculture crop resulteam reduced PAR. Greater was the tree
size higher was the leaf water statUslfle 4 & §. A negative RNEys indicated
facilitative effects ofC. mopandree by increasing water status of the associateols
(Fig. 39. A decreased PAR and increased productivity undeopy of savanna trees is
the most common pattern in tropical tree commusitigth low density, low rainfall
and moderate soil fertility sites (Belsky et aB93).

Yield of V. radiata

Significantly low density ofV. radiata plants on 22 August 2003 in tree-integrated
plots (FC, 5.78 m and RC, 4.78 if) as compared to sole crop plot (AC, 34.67)m
indicated a tree-influenced reduction in crop papah. A dry spell of 15 days (from
date of crop sowing on 21 June 2003) probably chaseeduction in soil water in FC
and RC plots due to use of water by trees affeggmgnination, population and growth
of V. radiata seedlings (personal observation). Reduced growth @opulation of
vegetation have been recorded in other desertsi¢érand Nobel, 1989), drought
affected fields (Wilson and Tilman, 1991) and ipiaé¢ vegetation (Wilson, 1993).
Inouye et al. (1980) also reported that the contipatiamong annual plants of the
Sonoran Desert did not affect survival but redugexvth rate, biomass and fecundity.

Low yield of V. radiatain FC and RC was attributable to reduction in sedlources
particularly soil water Table 2 & § discussed earlier. Significantly high yield éf
radiata in AC plots suggested sufficient soil water andrieat availability enhancing
crop yield. A positive correlation between soil eratontent and crop yield suggested
greater availability of soil water in AC plot asmspared to that in FC and RC plots.
Though not significant but increase in grain, hasid holm yield with increase in
distance fromC. mopandrees indicated a competitive effect of the traecmp yield.
The competition was for resource utilization likal svater and nutrients. Since there
were very less difference in soil nutrient due istahce from tree, the competition was
mainly for soil water utilization. A regular rainf cequired quantity probably caused
withdrawal of soil water by trees as well as theiadtural crop from the same soil
layer. Such type of water use by the integrated tegluces soil water availability for
the crop and reduce crop yield. Relatively greegeuction in grain yield as compared
to husk suggested that the effect of competitiorséil water was severe on grain filling
and yields. Low SWC in 0-25 in August and 25-50 ionSeptember 2003 suggested
that tree utilized soil water from the same layenf whichV. radiatawas utilizing. At
less water availability in topsoil layer, tree useditilize soil water from the deeper soill
layer as evidenced by reduced soil water in 50ri5sail layer in December 2003.

Concluding remarks

Despite of favourable influence by reducing soéatiation and enhancing crop water
status in tree-integrated plots, there was sigifily high reduction in yield oW.
radiata. Tree size, competition for resources and soilewaleficit were the factors
affecting crop yield. Availability of optimum amounf soil water for agriculture crop
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resulted in high completion between tree and aljucal crop for water use thereby
reducing population and growth of associated cvgpen a decline in soil water in top
soil layer occur, tree use to withdraw soil watemi deeper layers and improves soill
water in upper soil layers thereby indicating fisative effect under adverse condition.
A transition from strong competitive to weak fatztive between August and December
suggests the dominance of competitive effects fa@litation across a gradient from
favourable to soil water stress conditions (Bereasd Callaway, 1994). Thus, a farmer
cannot enhance crop production by integratbg mopanetree when rainfall is
sufficient only for agriculture crop. Silviculturpractices like trenching around tree
trunk to reduce overlapping of roots of trees amgpcand therefore competition for
resources may be beneficial for crop production rwlle mopaneis integrated in
agriculture land.
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