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Abstract: Variation among twelve winter wheat varieties with respect to N efficiency (NE) were assessed in field trial
planned as per factorial experimental design (two years x three nitrogen doses x twelve genotypes) in which treat-
ments were randomized in three replications under three nitrogen levels (control, 150, 250 kg/ha) for two successive
years at N. E. Borlaug Crop Research Center, Pantnagar. Stability analysis of nitrogen efficiency contributing traits
was performed using mean performance, linear regression and the deviation from regression. No single genotype
performed well enough for all the traits under study. QLD 33, HD 2967 and QLD 39 were stable for root length show-
ing good performance for nitrogen uptake. HD 3112 was most stable variety for most of the characters whereas,
QLD 33 was found to perform best under higher levels of nitrogen fertilisation, thus, not efficient enough. But, QLD
33 showed delayed maturity which could be linked with an increase in grain yield thus, it could be said that func-

tional stay green phenotypes should increase the grain filling period and boost yield.
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INTRODUCTION

The prime objective of a breeder for any crop improve-
ment programme has always been stable grain yield. Its
quiet evident from the past researches that in order to
improve abiotic stress tolerance, direct selection for yield
should be adopted and thereby subjecting the genotypes
to stress environments for further research. And one of
the major concerns is related to nitrogen use efficiency
(NUE). Revolution holding grounds in India, breeding of
modern wheat varieties has been mainly done by optimal
input management system for cultivation which includes
application of high levels of N (Nitrogen) fertilizer
(Hirel et al., 2007). But, with the time this excessive use
of nitrogen fertilisers has adversely affected the environ-
ment. Wheat plants utilize nearly 30— 40% of the applied
N (Raun et al., 2002) and rest i.e. > 60% is lost in form of
or in combination through denitrification, surface runoff,
leaching, etc. With these negative impacts on environ-
ment it has necessitated use of less N fertilizer and select-
ing plants which must be positively responsive to N with
maintaining good levels of both yield and grain protein
content (Witcombe et al., 2008).

In wheat production, nitrogen contributes as a major pre-
requisite affecting protein content and baking quality
thus, ultimately affecting the commercial value of the
produce. According to Moll ez al. (1982), grain nitrogen
uptake and nitrogen availability to the crop during the
growth period are the two components of NUE. Whereas,

Raun et al. (2002) explained NUE to be the N recovered
in yield as a proportion of N applied, allowing for initial
soil N conditions, i.e. NUE= (N crop — N from soil) / (N
fertilizer). Le Gouis et al. (1996) first showed the genetic
variability in wheat for efficiency in wheat with respect to
nitrogen. In order to improve the wheat quality either of
the two ways can be adopted, first, improve the protein
quality of the cultivar; second, improve the nitrogen effi-
ciency of the cultivar which would ultimately affect the
gain protein content. With this, it has also been observed
that for a specific cultivar, its maximum protein and
maximum yield are generally not obtained by application
of same strategy of fertilization (Lopez-Bellido and Lo-
pez-Bellido, 2001). Thus, differences in climate along
with cultivars and also management practices may ac-
count here for efficient nitrogen use (Bellidoa et al,
2005). This makes phenotyping an important tool for
selecting the traits contributing to NUE by evaluating
their performance under different environmental condi-
tions. Ortiz-Monasterio (1997) gave light upon the contri-
bution of root related traits in nitrogen uptake efficiency
by reporting that at low soil N levels there was better ex-
pression of uptake while at high N levels utilization is
better expressed. In order to improve NUpE (Nitrogen
Uptake Efficiency), optimizing the rooting system will be
an important consideration. A recently developed model
indicated that the deeper the relative distribution of the
roots, the greater the N capture as a proportion of that
available to the plant (King et al., 2003). It has also been
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reported that the efficiency components are inherited in a
manner favourable for wheat selection (Gorny et al,
2011). Bogard et al. (2010) stated that plant N uptake is
also interlinked with the senescence of the plant. Some
evidence from field experiments suggested that varieties
with high post-anthesis N uptake deviate from the com-
monly observed negative relationship between grain pro-
tein concentration and yield. In such varieties, higher
protein concentration is not associated with low yield, as
is often the case. This necessitates the study of genotype x
environment interaction (GEI) (Annichiarico, 2002).

GEI helps to develop the ideotypes for specific environ-
ment or stable across majority of environments which is
again of major concern. GEI can also help in indirect
selection to define useful target environments. Therefore,
plant breeders include study of response of genotypes by
conducting experiments in different environments to fig-
ure out G X E interaction. Objectives of our trials were to
analyze GEI for different wheat varieties under different
nitrogen regimes and to figure out traits affecting the ni-
trogen efficiency in bread wheat which would finally
influence the quality of the produce.

MATERIALS AND METHODS

Plant material and field trials: The experiment was
planned as per factorial experimental design (two years x
three nitrogen doses x twelve genotypes) in which twelve
elite winter wheat varieties (UP 2672, QLD 11, UP 2825,
HD 3112, DBW 97, QLD 39, GW 445, HD 3104, HD
2932, QLD 33, HD 2967 and DBW 621-50) treatments
were randomized in three replications under three N
(nitrogen) levels each for two successive rabi seasons
(2012-13 and 2013-2014) at N. E. Borlaug Crop Research
Center, Pantnagar. Different doses applied (split doses)
were 0, 150, 250 (kg/ha) such that we got six environ-
ments i.e. E] (Y]No), E2 (Y1N150), E3 (Y1N250), E4 (YzNo),
Es (Y2Nis0) and Eq (Y2Nasp).

Geographically, Pantnagar is situated at the latitude of 29°
N latitude, 79.3° E longitude and at an altitude of 243.84
meters above mean sea level. The university falls under
the subtropical zone and situated in the tarai region on the
foothills of Shivalik range of the Himalayas.

Evaluation and data analysis: The stability parameters
were calculated as per the procedure given by Eberhart
and Russell (1966) in which three parameters viz., mean
(m), regression of individual mean performance on environ-
mental index (b;), and deviation from regression (d) to cate-
gorize the genotypes for their stability used in the form of
Y; = m + byl; + d;j. This model provides a way of parti-
tioning the genotype X environment interaction of each
genotype into two parts, the variation due to the response
of the variety in the varying environmental indices, and
the unexplained deviation from the regression on the en-
vironmental index.

RESULTS AND DISCUSSION

The analysis of variance for stability using Eberhart
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Table 1. ANOVA for stability using Eberhart and Russell’s model.

GNY
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GP

Df DTH SL SN TKW BY NT PH

Source of varia-

tion
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3k
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4x*

133,441.5

[.69%F 394 TT2.01F 0.0 B.65 35196  06.50%% 1.69 24.50
ok

63.0TFF

T

2,668,533.26

396,599.41
*xk

22,128.92

24.39%%  336%*%  4.08%* 49.64**  0.08*%* 22.78* 51.44%* 15.64%* 2737* 240.26**

5

Env

186,020.69**

228,343.16

21,236.58

0.93 1.58*%*  11.63 1.93%%* 1.22%%  32.62%*

2.40

0.14 1.19

2.23

55

Gen xEnv

392,896.74

21,310.94  242,364.51

4.08 0.41 1.43 6.33 1.13 3.35 14.95 3.07 3.40 49.92

60

Env+Gen x Env

13,342,666.3

R

1,982,997.0

5ok

110,644.6

0*

1,201.30*

136.87
*x

121.99* 16.80* 20.40* 248.20* 1.25%* 113.94 257.24*  78.19**
sk

1

Env (Linear)

9,056.24  421,044.81* 239,417.64

2.07 31.12%%  4.93%%* 1.93%* 18.75

0.11 1.50 5.12%* 1.08

3.48

11

Env x Gen(Lin)

165,153.77 158,282.16%*

22,258.19

1.76 0.14 1.01**  1.57 0.87 1.33**  6.19 1.08%* 0.96**  33,08**
sk

48

Pooled Devia-

tion
Pooled Error

32,384.47

18,335.32  957,076.67

3.03

0.40

0.34 1.64 14.25 1.7 0.37 24.03 0.32

17.12

132

for 1% and 5% respectively

s

)k kek



PIoI& ureid : X0 ‘PIAIA [80130[01q : A g ‘XOPUI ISOATRY ([H IYSIom [oUIdY puesnoyl A 3L ‘uaIni3 1om DA\ ‘usSoniu ureid : ANO ‘urojord ureisd :go ‘qasudf 3001 1Ty

1770-1774 (2016)

¥20°0 0S
IS4 801°S0b'€CT- 89'168°C 9180 - 1SS°€ 106'0 SEVYITY 06T99°T ¥L9°0 060t~ €60°6E STI'T  #xTS91 LLO'TE 9680 sxFL006°091 SO'I80'Y L86'0  ¥69°0 +61°TI 6SS°0 %xTSL'TILTOI -179 MEAA  T1
€00°0
€190 STTELY'96T— 06°186F S6S°T  — IVE'€  LLO'T €T6'6EES—VI'66V'T $66°0 679~ LOI'TY 881  #x68'6ST 889°LE €TE'T xSS9LO'I8 6SVOV'E SYE'T €90 1¥6’I1 SHO'T 200 STLIL L96TAH 11
cloo
x6€S°T- 9E'6T8'8LT 06 FOIF 9ETT - €¥8'T 9061 9L'TO6'9TT 90'VSH'T +T9%°0 9¥9'€- S86'8T #9T'T  #x[SO'LT TOS'TE 9LT'O #xST'8ESTIT 8F9S8°T LIS'T STO'T 6LETI x8¥S°0 LOO0- 690°CI €€ ATO 01
8T6'1 0SS'LLL 18 0T'88F'S SSI'1 ¥10°0- €SE€°€ 11770 SPO'LOI- ¥¥°0€9°T T90'T YLS-SS8'TY TEY'0 s ITH I 1¥6°TE HTI'1 #x6€9ECTEL 09'8F8°C $16°0  8LS'0 9ETTI #+TTH'0 6600 SES'6 TE6TAH 6

Meenakshi Uniyal et al. / J. Appl. & Nat. Sci. 8 (4)

L10°0
€TI'T  895'8T6'SLT- 8Y'S8T'S 00L'T -  ITH'E 99L'T T8T'8O9 T--9€ 1SS T 10T 8TO'E-€8TIE ILET  #911°6 LYSTE 8SET xS IOV IS8T ¥8'I¥9C LTI'T #xS8T'T SE0TI #+SEE0 6010 9VL'IT $OIEAH '8
6000
#€T0  TOI'IE996T- €CEILE SL80 - 9LO'E LYS'T ISEEIF P=LI'60TT +L00'T TETO-LLI Py 98P’ T %x890°LT 61F°EE 896°0 xxOL ELI'EYT 9L'0EIT €6LT #x61ST SOETI €180 #xI8F' 1 TTI'IT Str MD 'L
€20°0
97T THYOIPLYI- ESLIES L80'T - 6€SE €EE0 LYOLIYI YLLOSTT €IST TIFT-TOIEY L0  x6S T €9LTE SHTT %xT6'SST'SOI €5'SS9°€ «TLS'O  LTYO 1S6'TT 980 800 LISTII 66O 9
L00°0
#xISEY  €80'PSOE9I-- LL'S66'E €STT - 61’ 6791 €SvPL'SY 8LIST'T 8E€TT I¥T1-TEITY LT60  v6¥'0 V8LEE €I1ST «6ITIL'LS LYPO6'T LEL'O  ¥T00 TOSTI xxI1ST'E 8010~ 80I'CI L6 MEA 'S
7200
WYL 866'VOETLI- 86SITS SEI'T - 9EY'E THOT TH8IOY S6'TTS T +9TH 1 SLOY- €4y 96L°0  6T0°S  9STSE €650 »xLL'STHYEL 09 ISL'E ¥89°0  I¥TO 6€9TI 160 #+201'9 €9TEI TIIEAH ¥
¥20°0
86€°0  9€6'800°€6T TEESH'S 1660  ~  TES'E LSO I61'TTYC~6Y ESST «I1€°0 19T L8EGE SO6'0 #x6FO'GT TSL'SE TOET  61°€90°8S  SOTETY ¥ITT  €6v°0 98TET TIL'O #+EIT'T TETOI ST8TIN €
600°0
950 9L'916'L6  SS'STT'Y ¥800 - #HO'€ $PSO 9THSETT TLISE'T €080 LLL'E-960°6E x19E°0 +9VL'9 8LY'LE YEE0 #x8F TISGIE €L°80T°C €990  SIL'O TOH'ET %xL9TO 950°0-- 8501 11 ATO T
6711
TTT 880'709°TLI- 86'880% TOT'0 100°0- 8TT'E  —  L9'€8E'T LOGLT'T x657°0 66L '€ 619'8E €80  1T6'0 G6ETE 89S0  $S 1919 GI'SLLT xxSPP'0 1000 9EL'TT #xL61'C TTEO 2980T TL92dN T
PSS 'q K X 'pS 'q ! S 4 X DS 'q X 'P.S 'q 'X DS 'q 'p,S 'q X
AD Ad IH ALL DM dD T ad&youdn ‘0N '§
EETGR)
3oy juerd :Hd ‘oxqids/syo(oyids Jo soqunu NS ‘ySus] oxids IS ‘sIo[[ Jo rquinu (N ‘Suipeay %0s 01 sAep ‘:HLJ
0S
Clade $S6°0 €T *8IL°T SEE0- 6¥¢81 1€0°1 So1°0 elr'e 590 90%°0 £88°01 01Tl LSO'S- 96SCL -179 mad k!
v At §95°0-- 680°06 8L°0 6y 0 0181 90T'1 cIro LIL'8 13240 #x9L9°1 8786 #x86L'1 861G~ £€8°08 L96T AH 11
#*€L9C 686V 6¥5°06 8€C'T 2000 L96°0T LLS'T 9%0°0 1ol PSSl *xLV9'C 6201 L9S'1 0Cl'e- [IAME €€ 10 01
#xL6SC  06LC 6SL98 SET0 £8¢°0 8L1'81 I L61°0 vT6 65¢°0 #x€19°1 ¥61'8 #xLEE°0 6CS'S- 8LTYL C€6T dH 6
%*C60°0 96¢° Y- €91°C6 99T'1 LS90 81881 88C'1 9L0°0- L086 *[6C7T £9%°0 LILTT 8ST'1 €le'e- L919L ¥01€ dH 8
9601 S9S- YOI'¥8 9€9°C 8CS'1 9¢9°61 €660 1L0°0 1686 6551 #*x9VC'1 ¥88'8 YLLO £€9C°6- Yr6'IL Sty MD L
400! 06S°L~- YTeL8 Yy o- 9010 L8161 1680 100°0- L91°6 §99°0 *x9L6°C £88°6 910 (42 R L9TYL 6€ A10 9
#*£8€°0  9SI'L~—- ¥20°€8 9¢1°0 6870 19¢°81 €EL°0 6L0°0- 9686 ¥66°0 16C°0 LIT6 (4340 ST6'¢- £E8°EL L6 MAd S
€80~ LS6°S SLE06 44! S65°0 LOE'8T 56°0 €10°0- S¥9°01 100°T 9L0°0- 87801 $05°0 0TS0~ €ECIL Cl1e dH b4
[4%0) ¥9°¢- [ 4 £€9CC 86¢°C 88061 YO1°T ¥00°0 13949 *66€°[ SETO 299°01 *C8S°0 °6T'S L99°EL 8T dN €
y617°0 4325 89798 SI'T ero €SP 81 80 8¢0°0- LEE6 £6v°0 *%xL96°C 966'8 €681 8IL'¢- €EC9L 1110 T
1017°0 8€€°0T L6898 291°0- 9¢0°0 7881 Bladl 6100 14! (4! [44%" CLTTT 6111 689°1- CCLTL ¢L9T dN ‘1
'‘p,S 'q X ‘P,S 'q X ‘q X 'P,S ‘q X 'p.S 'q X
Hd SN 18 LN H1d adfjowdny N S

“JeaUM UI SI0)0BIRYD [BNUSISHIP 10 s1ojowered Ajiqels g slqeL

1772



Meenakshi Uniyal et al. / J. Appl. & Nat. Sci. 8 (4): 1770-1774 (2016)

and Russell’s model has been depicted in table 1 in
which the mean squares due to genotypes was found
significant for all traits except wet gluten and grain
protein content, whereas for environment all traits
showed significant mean sum of squares except for
harvest index and grain yield. The mean sum of squares
due to G x E interaction were significant for number of
tillers, root length, grain protein, wet gluten and grain
nitrogen content of wheat varieties, while for other traits
the values of interaction estimate were non-significant.

None of the wheat genotypes had stable performance
for all the characters over all six environments as were
advocated as been depicted in table 2. QLD 11 showed
b;and S%d; values significant which clearly shows this
genotype showed varying performance across all envi-
ronments. For days to 50% heading, only HD 3112
exhibited stable performance with mean less than the
general mean, linear regression coefficient value near
unity and negligible deviation from regression. UP
2825, HD 2932 and HD 2967 showed b; value signifi-
cantly different from unity whereas the remaining of
the genotypes exhibited non-significant deviation. Sig-
nificant genotypes indicated their fluctuation in per-
formance for this trait across the environments. Whilst
talking about spike length, GW 445, HD 3112, HD
3104 and DBW 97 were recognized as the stable geno-
types over all environments because of their higher
mean, b;* 1 and S%*d;= 0 across the environments.
QLD 33 showed specific adaptability for rich environ-
ment due to its higher mean, linear regression coeffi-
cient value higher than unity and high deviation from
regression. Jena et al. (2005) in his experiment re-
vealed that both linear and non-linear components
were predominant in plant height, spike length and
number of grains per spike, whereas non-linear compo-
nents were observed in all characters except spike
length. For plant height there most desirable and sta-
ble genotype was HD 2967 due to high mean (>88.22),
b; * 1 and S*d; - 0 exhibiting higher plant height. QLD
33, HD 2967 and QLD 39 were considered to be stable
for root length, had regression coefficient value nearly
about unity (b; - 1) and S°d; - 0 indicating their stable
response over environments with high mean value.
Similar results were shown by Patel ef al (2014) in
which they showed both linear and non- linear compo-
nents significant and ones with higher general mean,
regression coefficient around unity and least deviation
from regression were more stable. DBW 97 was found
suitable for rich environment and HD 3104 was found
suitable for poor environment because of its high
genotypic mean for root length, low b; value and
sufficient deviation from regression (S?di#0) which
was found similar to the results obtained by Sial et al.
(2003) who in their study showed environments (E),
genotypes (G), G x E interactions and genotypes X
year interactions were highly significant which sug-
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gested perceptible seasonal effects. For grain protein,
HD 3112 and DBW 97 were found to be stable over
the environments because of their high mean, b; * 1
and S%d; - 0 across the environments whereas, UP 2825
was found suitable for rich environment and none of
the genotypes was found to be suitable for poor envi-
ronment. El Ameen (2012) showed similar results in
which he showed the genotypes performed differently
for different yield contributing traits. No single geno-
type showed stable performance across all environ-
ments in case of grain nitrogen yield and wet gluten.
GW 445 was recognized as the stable genotype over
environments for thousand kernel weight. Harvest in-
dex was one such trait in which, all the twelve geno-
types exhibited non-significant estimates of linear re-
gression coefficient (b;) values showing their average
stable performance for harvest index across the envi-
ronments. Najeeb et al. (2004) in their similar study
showed G x E interaction was significant for number
of days of heading and effective tillers per plant. En-
vironment (linear) component was significant except
for number of effective tillers per plant and grain
yield per plant, whereas G x E (linear) was signifi-
cant for days to heading and effective tillers per
plant. Pooled deviation was significant for most of
the traits except 1000-seed weight. Similarly, Baner-
jee et al. (2006) produced their results by conducting
stability analysis for 16 genotypes in which they
showed ten genotypes with higher mean values and
regression coefficient higher than unity indicated sta-
bility under favourable condition. Shah et al. (2009)
studied variety-environment interaction, stability and
adaptability of various characters and effect of differ-
ent environments, relationship of characters with grain
yield and grain protein percentage for three years. Va-
riety-location, variety-year and variety-location year
interactions were highly significant for all characters.
Similarly in a study conducted by Banica et al. (2008),
lower yield variation at a higher average yield level in the
cultivars can be explained by their superior drought resis-
tance which is related to a higher level of osmotic adjust-
ment. In the present study good variability was found for
biological yield by genotypes and most stable genotypes
across the environments were UP 2825, HD 3112, QLD
39, HD 2932 and DPW 621-50 and good performers un-
der rich environment were HD 2967 and HD 3104. The
results were in accordance with the findings of Praveen et
al. (2010) who selected grain weight per tiller and yield
contributing traits of wheat showing that only few geno-
types showed stability for the characters.

Conclusion

Our results showed different genotypes showed differ-
ential performance with respect to stability for differ-
ent traits and it was seen that the traits and their stabil-
ity are not mutually
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exclusive. QLD 11 showed varying performance with
respect to stability. HD 3112 exhibited stable perform-
ance for spike length, biological yield and grain pro-
tein. DBW 97 was found to be stable over the environ-
ments for grain protein and spike length. GW 445 was
recognized as the stable genotype over environments
for spike length and thousand kernel weight. QLD 39
was found to be stable for root length which could be
beneficial with respect to nitrogen uptake efficiency.
None of the test genotypes showed stability across all
environments for grain yield.
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