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Field quantification of foliar chlorophyll content in Pisum
germplasm

Ambrose, M.J. John Innes Centre, Norwich, UK

Variation in the chlorophyll content of the foliage of peas has been long documented. Traditional
quantification of chlorophyll levelsinleaves is by acetone extraction and spectrophotometer analysis (1)
which takes time and requires laboratory equipment and facilities. Inthe classification of cultivated
germplasm, the variation in the colour of foliage is graded based on morphological descriptor states. The
UPOV guidelines for distinctness, uniformity and stability for Pisum (2) recognises three descriptor
states, yellow green (J), green (2) and blue green (3). State 2 (green) is further broken downinto light (3),
medium (5) and dark (7). Three descriptor states are used in recording on theJohn Innes Pisum Collection
namely, 1. yellow green, 2. green, 3. dark green. While these scales are clearly discernable by eye, a quick and
reliable objective method of quantifying this variation could be useful in quantifying this character. The
portable Minolta SPAD 502 chlorophyll meter determines the relative chlorophyll in leaf tissue by
measuring absorbance at two wavel engths, namely in the regions of 400-500nm and 600-700nmwhich are
characteristics of chlorophyll absorption peaks. Initially developed for monitoring the nitrogen status of
wheat crops, the meter has subsequently been deployed on a range of monocot crop and woody species
where good linear rel ationships between SPAD readings and |eaf chlorophyll content were obtained (3).
The method has also been used in crop nitrogen studies in pea (4, 5, 6) and instudies in chickpea (7, 8).
This is the first deployment of the meter on pea germplasmin order to establish whether its utility could
be extended to studies of pea germplasm and mutation stocks.

1. Survey of descriptor statesfor leaf colour

Readings were collected from a reference set of morphological variation in peagrowing in the field agai nst
wire. A representative accession for each of the three descriptor states used when recording on theJohn
Innes Collection were all assessed on the same day in early June using the fully expanded |eaflets and
stipules 3-4 nodes below the shoot apex. The reading showed a range of 32 SPAD units between the
lowest (27 SPAD) and the highest (59 SPAD) with clear separation between each of the three colour
classes(Fig.1).

Figure 1. Variation in foliage colour for threell accessonsgrowingin thefield. a. yellowgreen (J1799), b. green (J11889) and c. dark green
011772).
.
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27.45 SPAD units.
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Readings were taken from the same accessions two weeks after the initial set at the end of flowering (end
of June). The two sets of readings were very similar with the same levels and differentials between lines
evident throughout (data not shown).

The area of leaf tissue that is clamped in the meter has a diameter of 13mm and an aperture for the light
beam to pass through of 2mmx 3mm. This raised the question as to whether the variable degrees of grey
flecking on foliage which is varies greatly between different accessions might possibly interfere with
readings thus leading to high deviations across a leaf surface in the readings proved unfounded. The meter
produced consistent readings between leaflets and stipules where there is frequently a differential degree
of flecking. Flecking is caused by air spaces underlying the outer epidermis (9). The expression of flecking
varies from totally absent which is encountered infrequently, through to a near continuous airspace as in
the mutant argentum (Arg) characterised by the even silvery appearance of all foliage. Leaflets of the type
linefor Arg (JI 1397) gave SPAD readingsfor intact |eaflets of 53, 46.4 and 48 whichwere inthe middle to
high range for peas. Reading across an individual leaflet where the outer epidermis was intact provided
readings of 48, 44 and 47 SPAD compared to SPAD readings of 44, 45 and 46 across the areawhere it had
been removed. The very slight reduction in the readings was not significant and converse to what might
have been expected as the removal of the epidermis to expose the underlying mesophyll cellsresultsina
significantly greener looking tissue.

2. Survey acrosstheJl Pisum Test Array

The opportunity was taken to take readings from a test array of broad Pisum taxonomic diversity that was
growing inthe field at the same time (10). This consisted of 6 plants of 56 lines grown as clumps. Two
measurements were taken on the 16/06 (all lines were in flower) from different plants of each accession
whichwere then averaged. The range of SPAD values over the lines ranged from a minimum of 22.65 units
(J1 102) to amaximumof 53.8 units (JI 399) with amean of 41.46 units and a standard deviation of 6.39
units. The lines were then grouped on the basis of taxon or geographic region of origin (Fig. 2).

Hgure 2. Descriptive statistics and boxplots of SPAD units for Pisum taxa and geographic groupings.

Taxon
Distern ful vim 1 —] T
(n=4 Mean 40.38 5t Dev. 6.31)
Pisum clatius 2. —:l:l—
(n-1 Mean 40.70 St Dev. 6.0)
Pisum ab vssinicem 3. —[D—
(n-3 Mean 45.29 St Dev. 7.10)
Pisum saf ivam ss. franscenicasiom 4. —i -
(n-4 Mean 3481 St. Dev. 2.66)
Pisumsativam (Asiatic highlands) 3. ] -
(n-10 Mean 39.75 st. Dev. 8.98)
Pisum safivam var. saliviem 6. —:D—
(n-22 Mean 4313 St. Dev. 5.30)
25 30 35 40 45 50 55
SPAD units

This highlighted the relative high readings obtained for the four accessions of Pisumabyssinicumwhich as a
group had a mean of 45.29 units + st. dev.7.10. All 5 accessions of this taxon share an absence of grey
flecking on the foliage. To the naked eye, this material appeared lighter than the SPAD readings indicated
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suggesting this taxon is different in some way for the epidermal cell layer or in the epicuticular wax. The 4
accessions of Pisumsativum spp. transcaucasicumwere noticeably paler green as agroup which was reflected
inthe readings (34.81 units + st. dev. 2.66). The sativumlines fromthe Asiatic highlands were separated
out as they clearly form a distinct ecogeographic group which included 4 accessions of the 'Afghanistan
type'. This distinct form of cultivated pea is noted for variation in their ability to nodulate with European
strains of Rhizobium Lines resistant to nodulation are easily noted as becoming precociously yellow
during the pod filling stage due to the total reliance on available soil nitrogen (II, 12). Thisisregularly
observed in such material in the low fertility sandy loam of the experimental plots at the Jic. Four 'Afghan
type' accessions scored by Young and Matthews (12) were present in the test array and one line in
particular (JI 102) was noticeably yellow. The data for these four accessions is presented in Table | and
shows the two accessions resistant to nodulation provided lower SPAD values.

Table I Nodulation response to Furopean rhizobium and SPAD units for 4 accessions of ‘Afghan type’ peas.

JT Acc. No. Nadulation by European Rhizobium 8PAD unit readings
85 Partial 413,431
109 Partial 39R, 359
95 Resistant 33.5,27.4
102 Resistant 202,251

The number of data points was too low to perform significance tests but the readings obtained for the two
groups were non-overlapping.

3. Survey of genetic stocksof leaf chlorophyll mutants

In the autumn a glasshouse survey was undertaken on a range of type lines and mutants for genes
associated with foliage chlorophyll content. This included four lines that had been measured in the field
earlier in the summer (section|). For this survey, three readings were taken from separate leaflets (2" true
leaf) from three separate plants. The plants were expanding their leaflets at the fifth vegetative node with
the exception of JI 35 (yellow green) where the measurements were taken from the youngest expanded
leaflets at the top of the plant (node 4) where the phenotype is expressed (13, 14).

No significant differences were found between the readings obtained in the field or glasshouse showing
the SPAD reading to be consistent for these lines across these independent sowings and environments
(Table 2).

Table 2. Paired t-tests on SPAD unit values for four [l accessions grown in the field and glasshouse.

J1 Acc. No. Mean 5PAD Linits Mean SPAD Units P and Significance
(Field grown) {Glasshouse grown)
799 2745 34 0233 (N.S).
1889 017 36.63 0035 (NS)
1772 GL47 6133 0978 (N5)
1397 49.13 438 0013 (NS

Inthis survey of 12 lines (Fig. 3), athreefold range of values obtained fromthe palest line (JI 2414) to the
darkest (JI 1405).J1 2414 is agenetically uncharacterised stable chlorophyll b mutant where the whole
plant is auniform bright light green (15). Thiswas |lower than the type line for o (JI 799) whichisapale
yellow green and gave an mean value of 31.4 SPAD units. The highest SPAD readings obtained were for the
cov typeline (JI 2729) and JI 1405 whichisequally dark green in appearance came with mean SPAD values
of 67.46 and 61.8 respectively.
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__Figure 3, SPAD units for ranked [T accessions grown in the glasshouse. (Gene symbols in parentheses and provisional pending allelism tests.
Ranked  JLAcc. SDAP units  Genotype
order No. (mean)
I 2414 273 (chl) £D
2 35 21.96 el O
3 799 314 0 It
+ 2687 35.43 pa I F
5 1889 36.63 IF
6 322 3746 pa, Vim |
7 825 41 r 0
5 1397 458 Arg T
9 1772 6133 O
10 61 63.36 Pavim T+
11 2729 67.40 oV I
12 1403 68.1 {cov) el
20 30 40 50 60 70
SPAD units

While thisis asmall survey of mutant stocks from the total number of chlorophyll mutants isolated in
pea, they serve to demonstrate the range of greens of foliage observed in chlorophyll contents. The studies
outlined in this paper demonstrate the suitability of the SPAD-520 chlorophyll meter for working with
Pisum over awide range of intensity of green coloured foliage. The meter is highly portable and proved
easy to calibrate and quick and reliable to use. While differences at the extremes of the range and the mid
point are easy to score by eye, variation within material inthe mid-range is much harder. It isin this range
or having an objective measure of chlorophyll across sites and/or years where this device might prove
particularly useful.

References

1. Stummann, B.M. and Henningsen, K.W. 1980. Hereditas93: 261-275.

2.  UPOV Code PISUM SAT, Pisumsativum L. TG/7/10.

3.  Bullock, D.G. and Anderson, D.S. 1998. Journal of Plant Nutrition 21: 741-755.

4. Zhao, F.J.,Woo0d, A.P. and M cGrath, S.P. 1999. Plant and Soil 212: 209-219.

5. Marino, D., Gonzalez, E.M. and_Cesar Arrese-lgor, C. 2006. J. Exp. Bot.57: 665-673.

6. Drew, E.A., Gupta, V.V.S.R. and Roger, D.K. 2007. Australian Journal of Agricultural Research, 2007
58: 1204-1214.

7. Yadava, UL. 1986. Horticulture Science 21:1449-1450.

8. Kashiwagi, J., Krishnamurthy, L., Singh, S., Gaur, P.M. and Upadhyaya, H.D. 2006. International
Chickpeaand Pigeonpea Newsl etter 13: 16-18.

9. Tedin,H.andTedin, O. 1925. Hereditas 7: 102-108.

10. Ambrose, M.J. and Ellis, T.H.N. 2008. Pisum Genetics40: 5-10.

11. Govorov,|.l1.1928.Bull. Appl.Bot. Genet. Pl. Br. 19: 497-522.

12. Young, P.J.andMatthews, P. 1982. Heredity 48: 203-210.

13. Kellenbarger, S. 1953.J. Genetics51: 41-46.

14. Ambrose, M.J.2010. Pisum Genetics42:43-44.

15. Stummann, B.M. and Henningen, K. W. 1984. Photosynthesis Research5: 275-292.

10


http://jxb.oxfordjournals.org/search?author1=Daniel+Marino&sortspec=date&submit=Submit
http://jxb.oxfordjournals.org/search?author1=Esther+M.+Gonz%C3%A1lez&sortspec=date&submit=Submit
http://jxb.oxfordjournals.org/search?author1=Cesar+Arrese-Igor&sortspec=date&submit=Submit

PISUM GENETICS 2010-VOLUME 42 RESEARCH PAPERS

Potential of theintercropsof normal-leafed and semi-leafless
pea cultivarsfor forage production

Cupina, B.", Krstic, D.", university of Novi Sad, Faculty of Agriculture, Novi Sad, Serbia
Antanasovic, S.’, Eric, P.’, Pgjic, B." institute of Field and V egetable Crops, Novi Sad, Serbia
Mikic, A.? and Mihailovic, V.?

Pea (Pisumsativum L.) is one of the most ancient food and feed crops in the Balkan Peninsula. Itstraditional
use in animal husbandry on the territory of modern Serbia has been in the form of forage, either fresh or
dry, aswell asin mixtures with small grains or as a pure stand (1). The first Serbian forage pea cultivars
were autumn-sown, with excellent winter-hardiness and delayed flowering resulting in high quality and
stable forage yields (2). The semi-leafless types of pea entered the Serbian market and breeding programs
during the last decade of the last century and are exclusively associated with dry grain production.
Recently, it was demonstrated that it is possible to develop autumn-sown semi-leafless dry pea cultivars
for the conditions of Serbia (3), and that the semi-leafless cultivars may provide high quality forage yields
with enhanced seed production due to their prominent lodging tolerance (4).

Numerous contemporary systems involving monocultures require chemical fertilizers and pesticides, and
result in decreased soil and water quality and reduced biodiversity. On the other hand, intercropping
systems with carefully and appropriately selected species where legumes serve a prominent role provide
many advantages in contrasting environments (5). Along with the traditional intercropping of legumes
with small grains in many European regions (6, 7), attempts have been made recently to examine
intercrops of perennial and annual legumes, such as field peain establishing red clover (8), aswell as
mutual intercropping of annual legumes for forage production (9). The goal of this research was to assess
the potential of the mutual intercrops of pea cultivars with different |eaf types for forage production.

M aterialsand M ethods

A small-plot trial was established during the 2008-2009 and 2009-2010 growing seasons at Rimski
Sancevi, near Novi Sad (45°20' N, 19°51' E and 84 masl) on aslightly carbonated chernozemsoil (Table 1).
Compared to the long term average (1964-2010), the growing season of 2008/09 was much warmer and
much drier, while the growing season of 2009/10 was slightly warmer and significantly wetter (Table 2).

Table 1 Basic chemical properties of a chernozem soil at Rimski Sanéevi.

Nepth plT pit CaCO, TTumus N total ALP.Os AlKO
(tm) KCl H-0 (%) (%) (%) {mg 100g ") {mg 100g "
0-30 741 700 3.61 297 0196 17.99 20.00

Table 2. Average monthly temperatures ("C) and monthly precipitation (mm) for the growing period of autumn-sowa cool season annual
forage lequmes in 2008/2009 and 2009/2010.

:i‘;ﬂlh Oct Nov Dec Jan Teh Mar Apr May Mean
Average monthly temperature ("C)
2005/2000 14 9 4 2 6 7 15 18 9.4
200972010 12 9 3 { 2 7 13 17 9
Long term 12 6 2 1 2 6 1 17 6y
Monthly precipitation sum (min) Total
200872009 17 B 45 23 7 36 2 43 236
2004/2010 83 64 96 73 63 34 71 93 385
Tong Lerm 43 50 43 37 32 38 47 3 3534
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The trial included four dry pea cultivars in total, namely the autumn-sown semi-leafless cultivar 'Dove'
(France), the autumn-sown normal-leafed cultivar 'Frijaune' (France), the spring-sown semi-leafless
cultivar 'Jezero' (Serbia) and the spring-sown normal-leafed cultivar '‘Javor' (Serbia). These four cultivars
were grown in pure stand and intercropped with the complementary genotype within the same crop type
such that one had good standing ability (supporting crop, Dove and Jezero) while the other was lodging-
susceptible (supported crop, Frijaune and Javor). There were six treatments in total: four pure stands and
two intercropped treatments, i.e. Dove with Frijaune and Jezero with Javor.

The trial was set up as arandomized complete block design, with four replicates, and plot size of 10 m’
and a row spacing of 20 cm. The pure stands were sown with 120 viable seeds m”. The intercropped
treatments were composed of 50% of each variety. The autumn treatments were sown on October 11,
2008, and October 15, 2009, while the spring treatments were sownon March 14, 2009, and March 22,
2010.

Pure stands were cut at full bloom, while the intercrops were cut when the first of the two components
reached full bloom. The varieties inthe combined treatments flowered at similar times. The autumn-sown
treatmentswere cut on April 17, 2009, and April 25, 2010, while the spring-sown treatments were cut on
May 7, 2009, and May 17, 2010. Green forageyield (t ha') and forage dry matter yield (t ha*) were
monitored. The Land Equivalent Ratio (L ER) was cal culated as (10):

LER = Sdic/ Sdps + Sgic/ Sgps

, Where Sd,. is the supported component forage yield in the intercrop, Sd.. is the supported component
forage yield in its pure stand, Sg,. is the supporting component forage yield in the intercrop and Sg.. is the
supporting component forage yield in its pure stand. The values for both green forage yield (L ER..,) and
forage dry matteryield (L ER.,,.,) were calcul ated separately.

The analysis of variance was performed using Statistica 8.0 software, with a Fisher's LSD test used at P =
0.05.

Results and Discussion

There were statistically significant differences at the p = 0.05 level between green forage yield among
treatments (Table 3). On average, green forage yields were higher inthe 2009/10 growing season compared
to the 2008/09 growing season. Pure stand green forage yield varied from 28.5 t ha' for the normal-leafed
spring-sown Javor in 2008/09to 34.0t ha for the spring-sown semi-leafless Jezero also in 2008/09. Inthe
2008/09 growing season, the autumn-sown and the spring-sown intercrops produced similar total green
forageyield (33.9 t ha'and 33.8 t ha), while, inthe 2009/10 growing season, the autumn-sown intercrops
produced higher yields (34.5 t ha") than the spring-sown intercrops (33.9 t ha*). The supported
component of the autumn-sown intercrops benefitted much more than the supporting crop in both years,
while in the spring-sown intercrops the two component varieties were more balanced in their
contribution to the total green forage yield. These results suggest that semi-leafless pea cultivars may have
great potential for forage production (11).

Both autumn-sown and spring-sown intercrops had two-year L ER, ., average values greater than 1 (1.09

and 1.11) suggesting that intercropping the two varieties was economically justified for green forage
production.

12



PISUM GENETICS

2010-VOLUME 42

RESEARCH PAPERS

Table 3. Green forage yield (t ha') and I FR zry in mutual intererops of pea cultivars with different leaf types at Rimski Sanéevi during the
2008/09 and 2009/10 growing seasons.

Green [orage yield | Green [orage yield ) .
Year Seasan ITeatment of supported of supporting Toral g:gi?{ forage LER gpy
camponent companent :
Dave, pure stand 316 00 316 100
Winter Trijaune, purc stand Q.0 30.4 30.4 1.00
2008/ Dave +Frijaune 222 1.7 339 110
2009 Jezero, pure stancd 4.0 0.0 4.0 1.00
Spring, Javar, pure stand 0.0 285 285 100
Jezero + Javor 18.3 135 338 110
Dove, pure stand 33.2 0Q 33.2 1.00
Winter Trijaune, pure stand a0 312 3.2 1.00
2009/ Dove +lrijaunc 24 104 4.5 109
2010 Jezero, pure stand 28.6 0.0 286 100
Spring Javor, purc stand 0.0 32.0 32.0 1.00
Jezera + Javor 14.4 19.5 339 113
Dove, pure stand 24 00 32.4 1.00
Winter Frijaune, pure stand Q.0 308 08 LOQ
;;S;?ge Dove +Frijaune 232 11.0 342 109
2010 Jezero, purc stancd 313 0.0 313 1.00
Spring Javor, pure stand 0.0 303 303 LoO
Jezero + Javor 16.4 17.5 33.8 L1
P<0.03 37 008

Average forage dry matter yields in pure stands were statistically significant (Table 4). Yield ranged from
5.5t ha'inthe spring-sown semi-leafless Jezeroin 2008/09 and 8.0 t ha" in the autumn-sown, normal -
leafed Frijaune in 2009/10. The trend of forage dry matter yield was not the same as green forage yield due
to different forage dry matter proportion in individual cultivars and individual years.

In2008/09, forage dry matter yield in the autumn-sown intercrop (7.7 t ha*) was significantly greater
compared to the forage dry matter yield in the spring-sown intercrop (6.4t ha*). In2009/10, the autumn-
sown intercrop was significantly more productive (8.4 t ha) than the spring-sown intercrop (6.5t ha?).
Similar to the case of green forage yield, there was a balance between the two components in the spring-
sown intercrop, while the supported component had much greater contribution in the autumn-sown
intercrop.

TheLER.,,, vaues suggest that both autumn-sown and spring-sown intercrops were economically
justified, although the former was significantly more productive (1.13) than the latter (1.03).

Conclusions

The obtained results give a solid basis for further research onintercropping legume varieties with
contrasting leaf types for forage production. One of the advantages the mutual dry pea intercropping may
have in comparisonto the traditional annual forage legume cultivationis a prominent earliness, especially
in the autumn-sown treatments, allowing the possibility of sowing a succeeding crop in a regular sowing
term. Future research in the mutual pea and other annual legume intercropping must include evaluation of
additional above and below ground characteristics.
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Table 4. Forage dry matter yield (t ha”) and I FR powy for mutnal intercrops of pea cultivars with different leaf types at Rimski Santevi

during the 2006/09 and 2009/10 growing seasons.

Forage dry matter

Forage dry matter

Year Scason Treatment ¥i clc? of supported | yi c]q of supporting T(:::;lt{::ﬁ:l;hy TTR oy
component component ’
Dove, pure stand 6.7 00 (i) 100
Winter Trijaune, pure stand 0.0 7.6 7.6 1.00
2008/ Dove +Frijaune 449 28 77 110
2009 Jezero, pure stand 6.3 0.0 6.3 1.00
Spring Javor, pure stancl 0.0 3.5 3.3 1.00
Jezero+ Javor 30 34 6.4 109
Dowe, pure stand 6.9 00 6.9 1.00
Winter Frijaune, pure stand 0.0 5.0 5.0 100
2000/ Dove +Frijaune 3.3 3l 8.4 116
2000 Jezero, pure staned 7.l 0.0 71 100
Spring Javor, pure stand 0.0 6.5 6.3 100
Jezero s Javor 27 3.8 6.3 0.96
Dove, pure stand 6.8 04 6.8 100
Winter Frijaune, pure stand 0.0 78 78 1.00
Average Dove +Nrijaunc 3.1 3.0 &l LI3
2008
0 Jezero, pure stand 6.3 0.0 6.3 1.00
Spring Javor, pure stanel 0.0 6.4 6.4 100
Jezero + Javor 29 36 6.5 103
003 08 0.08
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