Pakistan Journal of Agricultural Research

Research Article

Exploration of Grain Yield Stability of Advanced Chickpea Strains

Across Environments

Muhammad Tariq Mahmood", Muhmmad Akhtar’, Kaiser Latif Cheema’?, Mushtaq Ahmad’,
Muhammad Jahanzaib Khalid?, Afzal Zahid?>, Muhammad Kashif® and Zeshan Ali*

'Gram Breeding Research Station, Kallurkot, Pakistan; *Pulses Research Institute, AARI, Fuaisalabad Pakistan; ’Education
Uniwversity, Division of Science and Technology, Lahore, Pakistan; *Plant Physiology Program, Crop Sciences Institute, National
Agricultural Research Centre, Park Road, Islamabad, Pakistan.

Abstract | Exploration of yield stability and defining the adaptation domains of advance strains is highly
imperative for crop genetic improvement programs. The research aimed to determine the yield stability of
sixteen advance chickpea strains was carried out at eleven diversified locations across the Punjab province
of Pakistan during cropping season 2019-20. GGE biplot and mega environment analysis were employed
to identify the most stable and high yielding chickpea advance strains. GGE biplot among PC1 and PC2
illustrated that G-10 (K-15019) was ideal genotype performing best across the environments. Higher yield
potential coupled with more yield stability across all test environments was recorded in G-10 (K-15019)
followed by G-2 (CH47/12), G-12 (K-15001), G-15(CH66/10) and G-16(CH53/12). Mega environment
analysis revealed that E8 (Adaptive Research Farm, Karor) and E2 (Nuclear Institute for Agriculture and
Biology, Faisalabad) were most discriminating environments for grain yield and most useful for screening
of genotypes. Result for yield stability indicated that G-10 (K-15019), G-2 (CH47/12), G-12 (K-15001),
G-15 (CH66/10) and G-16 (CH53/12) were higher yielding and more stable across environments, therefore
these genotypes may be utilized in chickpea breeding program for development of widely adapted chickpea
cultivars. Moreover, G-10 (K-15019) identified as ideal genotype in terms of stability and yield potential may

be released as commercial variety for general cultivation in future.
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Introduction in balancing the ecosystem, generating revenue and
sustaining food security (IMoreno ¢z a/., 2003; Kaloki

hickpea (Cicer arietinum), an important member  ¢7 a/., 2019). Chickpea occupies very important place

of family Fabaceae sub-family Faboideae with
diploid chromosome (2n=16) is a versatile pulse
legume crop and self-pollinating in nature (Kumar ¢/
al., 2021). Chickpea is a winter season crop generally
grown for its edible grains and consumed across the
world (Foyer ez a/., 2016). The importance of this
legume cannot be overstated because of its major role

in rain-fed agriculture system of Pakistan. In Pakistan,
average annual productivity of this legume is unstable
and declining due to the scarcity of improved climatic
resilient varieties (Jan ez a/., 2020). Development of
high yielding, stable and climate-ready cultivars is
direly needed for substantial improvement in chickpea
productivity and to ensure the global food security. To
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achieve these objectives, continuous scientific efforts
are required for characterization, screening and
exploration of chickpea germplasm for development

of high yielding cultivars with wider adaptability.

The genotypes selected from a single specific
environment when used in other environments
are generally vulnerable and less adaptable to
other climates (Ebdon and Gauch, 2002; Asfaw
et al., 2009). Environmental conditions; soil type,
average temperature, humidity and annual rainfall
vary from location to location and year to year. To
develop widely adaptable and high yielding chickpea
cultivars, screening of advance strains for yield
stability has been an imperative approach for all
breeding programs (Annicchiarico, 1997; Farshadfar
et al., 2011). Genotypes showing less degree of
yield fluctuation under different environments are
considered as stable and useful to obtain better yield
(Arshad ez al., 2003; Erdemci, 2018; Kaloki ef al.,
2019). Comparative performance of a genotype in
different environments is referred as genotype(G) x
environment(E) interactions. G x E interactions have
been extensively utilized to identify the most stable
and adaptable genotypes. Measured grain yield of
a genotype in an ecological zone is obtained by the
effect of environment (E), the genotype (G) and G x
E interaction (Yan and Rajcan, 2002; Moreno ez al.,
2003; Gauch ef al., 2008).

Grain yield stability coupled with high yield potential
is highly desirable for development of widely adapted
and climate resilient chickpea cultivars (Singh and
Bejiga, 1990; Arshad ez a/., 2003). Stability analysis
founded on genotype x location may be considered
as a primary selection model for development of
high yielding and widely adapted varieties (Gauch
et al., 1992; Annicchiarico, 1997; Funga e al., 2017).
For selection of superior and stable genotypes
multi-environment evaluation of advance breeding
material is essential to determine their genetic
potential (Yaghoutipor and Farshadfar, 2007; Asfaw
et al., 2009). G x E interactions have already been
emphasized and employed by various researchers for
screening of genotypes with wider adaptability (Yan
et al., 2001; Ebdon and Gauch, 2002; Samonte ez al.,
2005; Farshadfar e a/., 2012; Hasan and Deb, 2017;
Erdemci, 2018; Kaloki e a/., 2019).

Vulnerability of chickpea cultivars to a wide range of
environments have resulted in serious yield penalty.

Therefore, to explore and recommend superior
cultivars with more stability is essential to improve
the chickpea yields. The present study was planned to
screen out the advance breeding lines and to identify
the most stable and higher yielding genotypes for

inclusion in chickpea varietal development program.
Materials and Methods

For exploration of yield stability of advance chickpea
strains, a provincial coordinated yield trial (CYT) was
carried out at eleven diversified locations of Punjab,
province of Pakistan during the rabi season of 2019-
20 under the umbrella of Ayub Agricultural Research
Institute, Faisalabad. The experimental material
consisting of 16 elite chickpea strains developed by
different research organizations were coded, packed
and sent to eleven different research institutes/
stations (Table 1). Experimental layout, fertilizer
recommendations, data recording sheets and other
necessary guidelines were sent to all experimental
sites in hard form to ensure uniform conduction
of trial. Trial was laid down following tri-replicate
randomized complete block design. Sowing of all
targeted experimental sites was completed during last
week of October by dibbler keeping 10 cm plant-plant
and 30 cm row-row distance. All the recommended
agronomic operations were undertaken. Insecticide,
Emamectin Benzoate @ 700 ml ha was sprayed twice
during pod bearing stage to avoid pod borer attack.

Grain yield data was recorded at all experimental sites,
compiled and subjected to plant breeding tools (version
1.3) for graphical illustration of GGE biplot analysis
and GEI (Genotype by environment interaction).

Results and Discussion

The GGE biplot was made for estimation of yield
stability through graphical illustration of data by
plotting scores of first principle component against
the respective second principle component as outlined
by (Yan ez al, 2000, 2007). For mega-environment
analysis irregular polygon view has been illustrated
in Figure 1 presenting “which won where for yield”.
The polygon biplot view is best way to investigate
the interaction among genotypes and environments
(Yan ez al., 2001). The genotypes connected in the
vertex were winning genotypes in different mega
environments. The connected genotypes forming an

irregular polygon were G-10, G-11, G-9, G-6, G-13
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and G-8. The polygon of genotypes also depicted the
grouping pattern of different environments to form
the mega environment (Bakhsh ez 4/, 2011; Kaloki
et al., 2019). The first mega environment was formed
by grouping of six environments i.e. E2 (Nuclear
Institute for Agriculture and Biology, Faisalabad), E4
(Gram Breeding Research Sub-Station, Kallurkot), E5
(Farmer Field, Awan wala, Kallurkot), E10 (Arid Zone
Research Institute, Bhakkar), E8 (Adaptive Research
Farm, Karor) and E11 (Arid Zone Research Institute,
Bhakkar, Location 2) with G-10 (K-15019) as winning
genotype. G-11 (CH48/12) was winning genotypes
present in second mega environment which was
formed by E9 (Barani Agricultural Research Institute,
Chakwal). Likewise, E6 (Gram Breeding Research
Sub-Station, Kallurkot, Location 2) and E7 (Gram
Breeding Research Sub-Station, Rakhutra, Khushab)
formed third mega environment with G-9 (CH51/12)
as winner. E3 (Barani Agricultural Research Station,
Fateh Jung) formed another mega environment with
G-8 (K-15012) as winner. Our results were in line to
the previous findings of (Bakhsh ¢z 4/, 2011; Naroui ez
al., 2013; Getachew ez al., 2015).

What-won-where Biplot for YLD
PC1=42%; PC2=24.7%

ES

-10 ] 10 20 30 40

PC 1

Figure 1: What won where Biplot for yield.

GGE biplot for environment view was made by
plotting the vectors for determination of most useful
environments which ultimately diagnosed the superior
genotypes (Figure 2). In GGE biplot for environment,
angles formed by different environments with AEA
abscissa and the length of vectors indicate the power
of environments (Yan ez a/., 2000; Erdemci, 2018).
Based on vector lengths environments are divided
into three types. Type-1 environments have shorter
vector length having limited effect on determination
of performance of genotypes. E7 (Gram Breeding
Research Sub-Station, Rakhutra, Khushab), E4

(Gram Breeding Research Sub-Station, Kallurkot), E9
(Barani Agricultural Research Institute, Chakwal), E5
(Farmer Field, Awan wala, Kallurkot) and E1 (Pulses
Research Institute, AARI, Faisalabad, Pakistan) have
small vector length have no considerable effect on
genotype performance. Type-2 environments have
comparatively more length forming smaller angle
with AEA abscissa are most useful environments. E8
(Adaptive Research Farm, Karor) and E2 (Nuclear
Institute for Agriculture and Biology, Faisalabad) are
most influential and ideal for selection genotypes.
Type-3 environments have long vectors of with
relatively larger angle. These environments are not
useful having no worth in performance of genotypes
like E3 (Barani Agricultural Research Station, Fateh
Jung), E10 (Arid Zone Research Institute, Bhakkar,
Location 1) and E6 (Gram Breeding Research Sub-
Station, Kallurkot, Location 2). Former findings of
(Singh and Bejiga, 1990; Yan ez a/., 2000; Funga ez al.,
2017; Kaloki ez al., 2019) agree to the results of this
study who concluded that certain environments were
discriminating having representative effects and the
others are worthless for selection of genotypes.

‘GGE Biplot-Environment View for YLD
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Figure 2: GGE Biplot for environment view for yield.

GGE biplot for yield was constructed for illustration
of genotype view for yield as given in Figure 3. The
average tester coordinate AEA was constructed
following the outlines of (Yan e 4/, 2001; Yan
and Rajcan, 2002). AEA perpendicular axis with
double arrow was drawn which passes through the
average environment and the origin of biplot. AEA
abscissa illustrates the respective yield performances
of chickpea genotypes. The genotype G-10 (K-
15019) showed the highest yield and identified as
ideal genotype across the mean environment. The
genotypes with higher yield means and stable within
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environments ranked to “G” were in following order
G10-G2-G12-G16>G15-G3>G11>G14>G7>G1>
G13>G3>G9>G5>G4>Geé.

GGE Biplot-Genotype View for YLD
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Figure 3: GGE Biplot for genotype view for yield.

Table 1: Lisz of experimental stations/ test environments.

Mean vyield performances of included chickpea
advance lines (Table 2) indicated that G-9, G-4,
G-6, G-13 and G-8were comparatively stable but
had less average yield potential. Low yield potential
of genotypes is undesirable in breeding programs
therefore such genotypes have no worth and may
be discarded (Bakhsh ez a/., 2011; Farshadfar ez al.,
2011; Funga ez al., 2017; Erdemci, 2018; Kaloki ez
al.,2019). On the other hand G-10 (K-15019), G-2
(CH47/12), G-12 (K-15001), G-15 (CH66/10)
and G-16 (CHS53/12) showed high yield potential
coupled with more stability across environments. The
genotypes with high yield means and stablility across
environments are of high value for chickpea breeding
program and development of superior high yielding
cultivars.

S.No Environment code Location /Environment Name

1 E1l Pulses Research Institute, AARI, Faisalabad, Pakistan.

2 E2 Nuclear Institute for Agriculture and Biology, Faisalabad, Pakistan.

3 E3 Barani Agricultural Research Station, Fateh Jung, Pakistan.

4 E4 Gram Breeding Research Sub-Station, Kallurkot, Location 1, Pakistan.
5 E5 Farmer Field, Awan wala, Kallurkot, Pakistan.

6 E6 Gram Breeding Research Sub-Station, Kallurkot, Location 2, Pakistan.
7 E7 Gram Breeding Research Sub-Station, Rakhutra, Khushab, Pakistan.

8 E8 Adaptive Research Farm, Karor, Pakistan.

9 E9 Barani Agricultural Research Institute, Chakwal, Pakistan.

10 E10 Arid Zone Research Institute, Bhakkar, Location 1, Pakistan.

11 E11 Arid Zone Research Institute, Bhakkar, Location 2, Pakistan.

Table 2: Mean performance of chickpea advance strains.

Entry code Genotype Breeding center Type/Status Mean yield PC1 PC2

G1 K-15014 PRI K/Advance line 1289 -592.697 -588.886
G2 CH47/12 NIAB K/Advance line 1478 942.3578 -182.076
G3 K-15018 PRI K/Advance line 1275 -207.222 411.676
G4 K-15010 PRI K/Advance line 1191 -527.528 461.037
G5 CH54/12 NIAB K/Advance line 1181 -664.935 97.18294
G6 NOOR 2013 Check K/ Variety 1135 -868.792 281.1151
G7 CH56/12 NIAB K/Advance line 1300 -45.2657 598.0616
G8 K-15012 PRI K/Advance line 1341 -155.23 -832.987
G9 CH51/12 NIAB K/Advance line 1213 -98.0057 671.5627
G10 K-15019 PRI K/Advance line 1546 1387.084 -307.849
G11 CHA48/12 NIAB K/Advance line 1362 408.3947 583.1787
G12 K-15001 PRI K/Advance line 1458 429.2103 -275.508
G13 CH69/09 NIAB K/Advance line 1355 -515.54 -595.523
G14 TGM12K01 AZRI K/Advance line 1275 -509.93 -559.281
G15 CH66/10 NIAB K/Advance line 1447 440.2993 -5.10916
G16 CH53/12 NIAB K/Advance line 1377 577.8001 243.4056

PRI: Pulses Research Institute; AARI, Faisalabad, Pakistan, NIAB: Nuclear Institute for Agriculture and Biology, Faisalabad, Pakistan,

AZRI: Arid Zone Research Institute, Bhakkar, Pakistan.
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Conclusions and Recommendations

GGE biplot employed for assessment of grain yield
stability across eleven test environments revealed
that G-10 (K-15019) was the most stable and high
yielding strain across all the test environments
followed by G-2 (CH47/12), G-12 (K-15001),
G-15 (CH66/10) and G-16 (CHS53/12). GGE
biplot for mega-environment analysis showed that
E8 (Adaptive research farm, Karor) and E2 (Nuclear
institute for agriculture and biology, Faisalabad) were
most discriminating environments for grain yield and
better representative than other test environments
for screening of genotypes. On the basis of results,
it may be concluded that G-10 (K-15019) was most
superior and ideal genotype across the environments.
Therefore, G-10 (K-15019) may be released as

commercial variety in future.

Novelty Statement

Exploration of advance chickpea strains rather than
varieties is a novel research study to identify the most
stable and high yielding chickpea strains. This novel
study will provide a practicable way to researchers for
selection of most stable genotypes.

Author’s Contribution

MTM wrote abstract, methodology, did analysis and
managed the whole preparation of article, MA con-
ceived idea and gave technical inputs, KLC wrote
conclusion and technically guided during writeup,
MA data collection and helped in analysis, MJK
wrote results and discussion, AZ collected and com-
piled data, MK checked plagiarism and made correc-
tions, ZA prepared introduction and references sec-
tion of the article.

Conflict of interest
The authors have declared no conflict of interest.

References

Annicchiarico, P., 1997. Additive main effects and
multiplicative interaction (AIMMI) analysis of
genotype-location interaction in variety trials
repeated over years. Theor. Appl. Genet., 94(8):
1072-1077. https://doi.org/10.1007/
s001220050517

Arshad, M., A. Bakhsh, A.M. Haqqani and

M.H. Bashir. 2003. Genotype-environment
interaction for grain yield in chickpea (Cicer
arietinum L.). Pak.]. Bot., 35: 181-186.

Asfaw, A., F. Alemayehu, F. Gurum and M. Atnaf.
2009. AMMI and SREG GGE biplot analysis
for matching varieties onto soybean production
environments in Ethiopia. Sci. Res. Essay,
4(11): 1322-1330.

Asnake, F., 2016. Unraveling valuable traits in
ethiopian grain legumes research hastens crop
intensification and economic gains: A review.
Universal J. Agric. Res., 4: 175-182. https://doi.
org/10.13189/ujar.2016.040503

Bakhsh, A., L.H. Akhtar, S.R. Malik, A. Masood,
S.M.Igbal and R.U. Qureshi. 2011. Grain yield
stability in chickpea (Cicer arientinum L.) across
environments. Pak. J. Bot., 43(5): 2947-2951.

Considine, M.J., KKH.M. Siddique and C.H.
Foyer. 2017. Nature’s pulse power: Legumes,
food security and climate change. J. Exp. Bot.,
68(8): 1815-1818. https://doi.org/10.1093/jxb/
erx099

Ebdon, J.S. and H.G. Gauch. 2002. Additive main
effect and multiplicative interaction analysis
of national Turfgrass performance trials: I.
Interpretation of genotype environment x
interaction. Crop Sci., 42: 489-496. https://doi.
org/10.2135/cropsci2002.4890

Erdemdi, Y., 2018. Investigation of genotype x
environment interaction in chickpea genotypes
using AMMI and GGE biplot analysis. Turk.
J. Feld Crops, 23: 20-26. https://doi.
o1g/10.17557/tjfc.414846

Farshadfar, E., M. Gervandi and Z. Viasi. 2012.
Chromosomal location of QTLs controlling
Gx E interaction in barley. Int. J. Agric. Crop
Sci., 4: 317-324. https://doi.org/10.5539/jas.
v4n12p18

Farshadfar, E., H. Zali and R. Mohammadi. 2011.
Evaluation of phenotypic stability in Chickpea
genotypes using GGE-biplot. Ann. Biol. Res.,
2(6): 282-292.

Foyer, C.H., Lam, H.M., Nguyen, H.T., Siddique,
K.H., Varshney, R.K., Colmer, T.D., Cowling,
W., Bramley, H., Mori, T.A., Hodgson, J.M.
and Cooper, J.W.,, 2016. Neglecting legumes
has compromised human health and sustainable
food production. Nature plants, 2(8), pp.1-10.
https://doi.org/10.1038/nplants.2016.112

Funga, S., M. Tadesse, M. Eshete, A. Fikre, L.
Korbu, N. Girma, N., Bekele, D., Mohamed,

September 2021 | Volume 34 | Issue 3 | Page 612


https://doi.org/10.1007/s001220050517
https://doi.org/10.1007/s001220050517
https://doi.org/10.13189/ujar.2016.040503
https://doi.org/10.13189/ujar.2016.040503
https://doi.org/10.1093/jxb/erx099
https://doi.org/10.1093/jxb/erx099
https://doi.org/10.2135/cropsci2002.4890
https://doi.org/10.2135/cropsci2002.4890
https://doi.org/10.17557/tjfc.414846
https://doi.org/10.17557/tjfc.414846
https://doi.org/10.5539/jas.v4n12p18
https://doi.org/10.5539/jas.v4n12p18
https://doi.org/10.1038/nplants.2016.112

Yield Stability Across Environments

R., Bishaw, Z., Rao, G. and Siambi, M. 2017.
Genotype by environment interaction on
yield stability of desi type chickpea (Cicer
arietinum L.) at major chickpea producing areas
of Ethiopia. Aust. J. Crop Sci., 11: 212-219.
https://doi.org/10.21475/ajcs.17.11.02.p297

Gauch, H.G., 1992. Statistical analysis of regional
yield trials: AMMI analysis of factorial designs
Elsevier. Amsterdam, the Netherlands.

Gauch, H.G., H.P. Piepho and P. Annicchiarico.
2008. Statistical analysis of yield trials by
AMMI and GGE: further considerations. Crop
Sci., 48: 866-889. https://doi.org/10.2135/
cropsci2007.09.0513

Gauch,H.G.,2006. Statistical analysis of yield trials
by AMMI and GCE. Crop Sci., 46: 1488-1500.
https://doi.org/10.2135/cropsci2005.07-0193

Getachew, T., M. Firew, F. Asnake and E. Million.
2015. Genotype x environment interaction and
stability analysis for yield and yield related traits
of Kabuli-type Chickpea (Cicer arietinum L.)
in Ethiopia. Afr. J. Biotechnol., 14(18): 1564-
1575. https://doi.org/10.5897/AJB2014.14320

Hasan, M. T. and A.C. Deb. 2017. Stability analysis
of yield and yield components in chickpea
(Cicer arietinum L). Hortic. Int. J., 1(1): 4-14.
https://doi.org/10.15406/hij.2017.01.00002

Jan, M, T. Haq, H. Sattar, M. Butt, A. Khaliq, M.
Arif and A. Rauf. 2020. Evaluation and screen-
ing of promising drought tolerant chickpea
(Cicer arietinum L.) genotypes based on phys-
iological and biochemical attributes under
drought conditions. Pak. J. Agric. Res., 33(3):
662-672.  https://doi.org/10.17582/journal.
pjar/2020/33.3.662.672

Kaloki, P.,, R. Trethowan and D.K.Tan. 2019. Effect
of genotype x environment x management
interactions  on  chickpea  phenotypic
stability. Crop Pasture Sci., 70: 453-462.
https://doi.org/10.1071/CP18547

Kumar, N., SM.P. Khurana and V.N. Pandey.
2021. Application of clove and dill oils as an
alternative of salphos for chickpea food seed
storage. Sci. Rep., 11: 10390. https://doi.
org/10.1038/s41598-021-89936-4

Moreno, G.J., J. Crossa and P.L. Cornelius. 2003.

Additive main effects and multiplicative
interaction model-I. Theory on variance
components for predicting cell means. Crop
Sci., 43: 1967-1975. https://doi.org/10.2135/
cropsci2003.1967

Naroui, M.R.R., M.A. Kadir, M.Y. Rafii, Z.E.H.
Jaatar, ML.R. Naghavi and F. Ahmadi. 2013.
Genotype x environment interaction by AMMI
and GGE biplot analysis in three consecutive
generations of wheat (Triticum aestivum)
under normal and drought stress conditions.
Australian J. Crop Sci. 7 (7): 956-961.

Samonte, S.0.P.B., L.T. Wilson, A.M. Mc Clung
and J.C. Medley. 2005. Targeting cultivars
onto rice growing environments using AMMI
and SREG GGE biplot analyses. Crop Sci.,
45:  2414-2424.  https://doi.org/10.2135/
cropsci2004.0627

Singh, K.B. and G. Bejiga. 1990. Analysis
of stability for some characters in kabuli
chickpea. Euphytica, 49: 223-227. https://doi.
org/10.1007/BF00024133

Yaghotipoor, A. and E. Farshadfar. 2007. Non-
parametric estimation and component analysis
of phenotypic stability in chickpea (Cicer
arientinum L). Pak. J. Biol. Sci., 10: 2646-2648.
https://doi.org/10.3923/pjbs.2007.2646.2652

Yan, W.K.and I. Rajcan. 2002. Biplot analysis of test
sites and trait relations of soybean in Ontario.
Crop Sci., 42: 11-20. https://doi.org/10.2135/
cropsci2002.1100

Yan, W,, L.A. Hunt, Q. Sheng and Z. Szlavnics.
2000. Cultivar evaluation and mega-
environment investigation based on GGE
biplot. Crop Sci., 40: 596-605. https://doi.
org/10.2135/cropsci2000.403597x

Yan, W,, S.K. Manjit, M. Baoluo, W. Sheila and
L.C. Paul. 2007. GGE Biplot vs. AMMI
analysis of genotype by environment data. Crop
Sci., 47: 641-653. https://doi.org/10.2135/
cropsci2006.06.0374

Yan, W., PL. Cornelius, J. Crossa and L.A.
Hunt. 2001. Two types of GGE biplots for
analyzing multi-environment trial data. Crop
Sci., 41: 656-663. https://doi.org/10.2135/
cropsci2001.413656x

September 2021 | Volume 34 | Issue 3 | Page 613


https://doi.org/10.21475/ajcs.17.11.02.p297
https://doi.org/10.2135/cropsci2007.09.0513
https://doi.org/10.2135/cropsci2007.09.0513
https://doi.org/10.2135/cropsci2005.07-0193
https://doi.org/10.5897/AJB2014.14320
https://doi.org/10.15406/hij.2017.01.00002
https://doi.org/10.17582/journal.pjar/2020/33.3.662.672
https://doi.org/10.17582/journal.pjar/2020/33.3.662.672
https://doi.org/10.1071/CP18547
https://doi.org/10.1038/s41598-021-89936-4
https://doi.org/10.1038/s41598-021-89936-4
https://doi.org/10.2135/cropsci2003.1967
https://doi.org/10.2135/cropsci2003.1967
https://doi.org/10.2135/cropsci2004.0627
https://doi.org/10.2135/cropsci2004.0627
https://doi.org/10.1007/BF00024133
https://doi.org/10.1007/BF00024133
https://doi.org/10.3923/pjbs.2007.2646.2652
https://doi.org/10.2135/cropsci2002.1100
https://doi.org/10.2135/cropsci2002.1100
https://doi.org/10.2135/cropsci2000.403597x
https://doi.org/10.2135/cropsci2000.403597x
https://doi.org/10.2135/cropsci2006.06.0374
https://doi.org/10.2135/cropsci2006.06.0374
https://doi.org/10.2135/cropsci2001.413656x
https://doi.org/10.2135/cropsci2001.413656x

