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Leaf Anatomical Characteristics Associated wth Water Use Efficiency in groundnut
{Arachis hypogaea L.)
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Transpiration efficiency (TE, defined as g of dry matter produced per kg of water tanspired) is one of the
important phvsiological waits, which contributes toward crop productivity under weter-deficit conditions. A strong
negative relationship between carbon isotope discrimination rato (4) and TE in groundnut allowed use of A as a
suTToEate to seleet sroundnut germpiasm with high levels of TE (Farquhar and Richard, 1984). Several smidies
(Wright et.al. 1994, Wrght er al. | 99%; Craufurd er af., 1999) reported a significanily positive correlation between
specific leaf ares (S1A. metio between leaf sres in em2 and leaf dry wetght in g} and A sugzesting that the SLA
could be used 25 & rapid and economical teol 10 select Tor high levels of TE in Groundmat breeding programs. We
believe that more information on the relanonships between leaf anatomical aspects conmbunng o lower SLA in
groundnut is necessany o enhance over all understanding. Therefore, the aim of present investigation was to study
the leaf anaomical parameters in a set of selected groundnut genotypes with 2 range of SLA and examine
refationships berween leef anatomical characters and leet gas sxchange parameters.

Miaterial and Methods

Seven genotypes, TG 476, TMV 2, and 1CGV 86031 belonging to subsp, fastgiae var. vulgans (Spanish)
and 1CG 3826, TMV 2 NLM, ICGS 76, and NC Ac 343 belonging to subsp. hypogesa var hyvpogaes (Virginia),
wete selected for this study based on garlier informaton on SLA. (Nageswara Reo and Wnght, 1994). These
senotypes represented a significant range with ICGY 86031 having the lowest and 1CG 2476 having the highest in
SLA, These penotypes were zrown on an Alfisol field under adequately imigated conditions during the riny season
(June-Oxctoher) zr ITCRISAT Centre, Patanchens, Indis. The specific leaf ares (SLA) calculated by measuring leaf
area of 2nd or 3rd leaf fom the 2pex of main stem and commesponding oven dried weight. Leaf photosynthetic rate
was measured at 65 DAS on two proximal Teafles of fully expended 2nd or 3rd leal fom the apex of the main axis
in four plants in 2ach plot with 2 poniable leaf chamber analvser (model LCA 4, ADC, Herts, UK under nanural day
light conditions during [O00-1200 b local time, After meesuring photosynthetic rates, the frésh weight and leal area
were determined before chlorophyll was extracted and analysed as descrbed by Amon, 1949, Leaf anatomieal
characteristics of the fresh leaf samples (3rd leaf from the apex of main stem) were measursd at 65 DAS by
preparing slides (Spurr, 1969) and the measurements were reconded on thickness of midob regon, laming region,
water storage cells; mesophyll cells, vascular bundle of midrib region, and number of veins per 1000 micrometer of
lamina length &t 100 tmes magmification of microscope.

Results and Discussion ;

The genotvpic differences fin SLA were sigmificant (Table 1), ICGV 86031 had the lowest SLA (thickest
leaves) and 1CG 476 the highest (thinnest leaves) among the genotypes. The phoesynihetic rmte (Fn) and
chlorophyll content also differsd significantly among the genotypes with the minimum in ICG 476 and the
maximum in ICGV 86031 Pallas {19823 also repored significent senobypic vanation for Po and chlorophyl] content
in groundnut. The SLA was a negatively correlated with Pn (R2 =0.80%) and chlorophvll (B2 =0.62%), reconfirming
the earlier findings. Nzgeswara Raoef al. {1995) have also showed a negative relationship between SLA and content
of nbulose-1,5-bisphosphate carboxylase (Rubisco) in leaves, sugoesting that the Rubisco could be 2 major cause of
varation in photosynthetic capacity in groundnut senotvpes. A close positive relationship between photosynthetic
rates and leaf thickness is reported in other legume crops (Guptz o af.. 1989}

The genotvpes showead significant variation in the thickness of different lavers of leaf tissues (Table 2).
ICGV RE03 1, which had the thickest leaves (lowest SLA), tanked dth in the thickness of midob region but scored
Ist rarik in laming thickness., The thickness rank of 100G 478, which had the thinnest leaves (highest SLA), was 6th
for midrh region and 4th for lamina region. The relationships of SLA with the thickness of midnb region (B2
=(,20%, thickness of lamina region (F2 = 0.23). and tuckness of layer of water storage cells (R2 =0.20) were not
significant. Om the other hand, there was significant negadve relationship betwesn SLA and thickness of mesophyil
cells Javer (R2=0.38) and number of vascular bundles in laming (R2=0.68). The highes raie of photosynthesis in
ICGV 86031 could be due o the highest number of vascular bundles in lamina region present in this genotype. The
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closer spdcing of vascular bundles caused greater translocation out of leaf blades, resulting in less build up of
photosynthates in leaves of grasses (Dengler and Dengler 1990), and in hiher photosymhetic rete in Arundinella
hinz- C4 grass (Dengler and Dendler 1990). These resuls sugpest that mesophyil cells and vascular bundles are the
magor centributors wward the physical thickness of the groundnut leaf In the present stdy, thickness of mesophyll
cells layer and number of vescular bundies in lamina accounted for 51 % and 68 % of variation in Pn. To accounit for
the remaining variation in Pn and SLA, more detatled studies on leaf anatomy like surface ares of mesophyll cells,
area of c70ss section of vasauizr bundle tissues, volume of vacuoies, storags cells etc. are nesded.

Table 1. Specific leaf area. photosynthetic rate, and chlorophyll content in seven groundnut genofypes grown
during the rainy season. ICRISAT Center, Patancheru, India

Genotype Specific leaf area  Photosyathetic rate Chlorophyll content
(em®g) (1 moles COy/m™s) (mgfg fresh leaf weight)
ICG 476 18] 137 1.29
ICG 3826 28 248 1.02
TV Z B85 135 2322
TWMY 2 NLM 216 11+ 220
1CGY 86031 192 111 26.5
ICGE 76 1.51 120 21
BNC Ac 343 1.52 122 238
Mesn 1.5 131 27:1
SE+ 43 0.13 170

Table 2, Leaf anatomical characteristics of seven groundnut genotypes grown under adequately irrigated
conditions during the rainy season at ICRISAT Center, Patanchern, India

Thickness {micron) Number of VB
Genotype o Midrib region Lamina region (1007 mm
_ Total  Cortex VB Total MC  WwsC lamina)

ICG 476 593 214 236 260 165 110 370
1CG 3824 633 213 233 273 178 2] 420
™YV 2 638 243 248 233 173 99 400
TMV 2 NLM G613 214 225 278 182 100 410
ICGY 86031 623 242 283 252 185 107 430
ICGS 76 650 202 212 238 170 98 430
WC Ac 343 38E 214 213 260 185 B9 A0
Mean 620 217 234 267 180 g 411

SE+ 39 2.5 & 4.4 44 1.5 7

VB = Vaseular bondles, MC = Mesophyl] cells, WSC="Wazter storage cells
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