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ABSTRACT

Drought stress significantly affects the growth and yield of wheat crop. However,

tremendous variability exists amongst genotypes concerning their reaction to

drought stress. Therefore, figuring out the effects of drought stress on yield and

growth of crop plants might assist to select the superior genotypes. In the current

study, forty wheat genotypes were assessed for drought tolerance using PEG-6000

at seedling, tillering, heading and maturity stage at PMAS-Arid Agriculture University,

Rawalpindi, Punjab, Pakistan during 2022-23. ANOVA revealed significant variation

(P=<0.05) among genotypes for all traits in all the growth stages in both conditions

(drought and normal). Mean comparison analysis showed the genotypes LLR-25

(12.739g), Lasani-08 (12.69g) and WC-26 (12.57g) were high-yielding and also

performed well in terms of root-shoot-related traits under drought condition.

Correlation depicted the highly significant positive association of yield per plant with

1000 grain weight (0.85**) as well as positive association with traits i.e., root length

at seedling (0.08), tillering (0.27) and heading (0.14) stage, no. of crown roots at

tillering (0.13), no. of seminal roots at tillering (0.04) and heading (0.17) under

drought condition. Moreover, spike length showed a positive highly significant

association with root length (0.48**) at seedling and no. of seminal roots (0.4**) at

OPEN 8 ACCESS heading stage under drought condition. PCA bi-plot analysis emphasized genotypes
related to specific traits showing their importance under drought stress condition.

Moreover, PCA bi-plot revealed the distinctness and strong association with key

gg;?g:l‘;oggs;h‘;et drought-resilient traits of genotype Chakwal-50. Hence, this study identified the
sanjje elasabahat@gmail.com genotypes viz. Chakwal-50, LLR-25, Lasani-08 and WC-26 have desirable root
' parameters as well as found best regarding yield and related traits under water deficit
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INTRODUCTION
BT Wheat (Triticum aestivum L.) provides 35% of the world's food consumption

Copyright: © 2024 by the authors.  \johammadi-joo et al., 2015; Hossain et al., 2021) and is the second most
Licensee: Roots Press, Rawalpindi, . . . . L
Pakistan. important cereal crop in Asia and South Asian areas, providing 68% of energy
(Qasim et al., 2022). As the world's population continues to grow, wheat supply will
This article is an open access article  become an increasingly difficult challenge, with a projected 60% increase in yield
distributed under the terms and yaqyired by 2050 compared to current levels (Tian et al., 2021).Climate change and
conditions of the Creative Commons . . . . . . . . .
Attribution (CC BY) license: a rapidly growing population are causing serious issues with food security worldwide

https://creativecommons.org/licenses/by/4.0  (El Bilali et al., 2020).
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The reduction in precipitation and rainfall due to climate change has resulted in global drought stress (Seleiman et al.,
2021). Recent studies from 1985-2015 have shown that low water stress has caused a 20-40% decrease in the
production of wheat and maize (Qasim et al., 2022). In the last thirty years, the world average temperature has
increased by 0.85°C, which has led to rising greenhouse gases and an increase in CO2 concentration (Mozaffari et al.,
2022). In Pakistan, 75% of the total cultivated area is facing water stress. For instance, drought stress can decrease
wheat yield potential by 10% to 90% (Fatima et al., 2018) and negatively affect seedling stage and germination
(Mahpara et al., 2022). Grain yield is the most affected parameter and the primary concern of breeders. Improving
plant productivity can enhance grain yield (Morales et al., 2020).

One of the effective strategies for adapting to drought stress in the long term is to develop new genetic cultivars that
improve tolerance to abiotic stresses (Reynolds et al., 2016; Prasad et al., 2017). Studying morphological responses
under drought stress condition can advance our understanding of crops' ability to adapt to drought-prone environments
(Pour-Aboughadareh et al., 2020). Drought directly affects yield by distressing the primary and secondary metabolites
in wheat. Several studies reported a rise in the concentration of hormones, carbohydrates, organic acids (malic acid,
oxalic acids), and various amino acids (threonine, proline, gamma-aminobutyric acid (GABA), glutamine) and sugar
alcohols such as myo-inositol (Mundim and Pringle, 2018; Marcek et al., 2019). Water stress is responsible for
increasing the carbon-based secondary metabolites in green parts of wheat plants whereas it lowers them in roots
(Mundim and Pringle, 2018).

Wheat plants consist of two types of root systems; the seminal root system (lateral roots or vertical) and the crown root
system (nodal or adventitious or horizontal). The seminal roots develop when primary roots emerge through coleorhiza.
This system proliferates two meters deep into the soil supporting the plant until crown roots arise. The number of
seminal roots depends on root primordia and whether it is developed or not otherwise, they are ten in number. (Kirby
and Appleyard, 1987). The development of crown roots is positively correlated with the number of tillers as the crown
roots appear during the development first tiller but genetic variation regarding the number of seminal roots has been
observed in wheat (Robertson et al., 1979). A vertically arranged root system is important when there is not enough
water in the surroundings for the crop to complete its life cycle. Vertically oriented roots play their role in accessing
moisture in deeper soil layers (Liao et al., 2006). Seminal roots make up 1-14% of the entire root system of wheat and
are more penetrating and functional at the vegetative stage. These roots grow earlier and penetrate deeper than the
adventitious roots and function all over of vegetative stage. The seminal root system is very important for the
establishment of wheat seedlings (Klepper, 1991). Crown roots may reduce in number in cereals in dried areas while
increased seminal roots gain all assimilates (Blum and Ritchie 1984; Asseng et al., 2015). It is reported that the drought-
tolerant varieties showed increased root length to ensure water uptake from deeper layers of soil (Manschadi, et al.,
2006).

The current investigation aims to evaluate and elucidate the genetic diversity among wheat genotypes for root
parameters based on the following hypothesis; early vigor helps to resist drought; deep root system helps to grow
under dry condition and deep/profuse root system helps and sustain yield under dry/moisture stress condition. Studying
the wheat stages that are most effective in coping with drought stress can reveal how adaptive genotypes respond to
drought via morphological changes.

MATERIALS AND METHODS

In the current study, forty bread wheat genotypes including approved varieties, advanced lines and local landraces
were assessed for drought tolerance (Table 1). The experiment was planned and executed in the Department of Plant
Breeding and Genetics, PMAS Arid Agriculture University Rawalpindi, Punjab, Pakistan during 2022-23. The data
regarding root and yield-related parameters were recorded at four stages viz. seedling, tillering, heading and maturity
stage. For observing drought tolerance at seedling stage, the seeds were surface sterilized with 1% sodium
hypochlorite solution for 15 minutes and subsequently rinsed with distilled water several times to remove chemical
residues. For drought treatment, the seeds were placed in petri dishes sized 60x15 mm containing filter paper soaked
in 20% PEG-6000 solution to develop -9 bar stress level as described by Jajarami, 2009, whereas for control, seeds
were placed on filter paper soaked in distilled water. The petri dishes containing 10 seeds each were arranged in
completely randomized design (CRD) with three repeats and placed in the incubator (Memmert ICP 700) for 10 days
at = 20°C. Relative humidity was kept at = 70%, while a light intensity of = 1.2 cd was given for 12 hours. The traits
recorded from 11 days old seedlings are given in Table 2 along with their assigned codes.
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For assessment of drought tolerance at tillering, heading and maturity stage, seeds of all the genotypes were sown
separately to observe each phenological stage in polythene bags (6 inches wide and 30 inches long) containing soll,
compost and sand in the ratio of 50:30:20 respectively. Four seeds were sown in each polythene bag and arranged in
CRD with three repeats for drought and control groups. To assess the drought tolerance of different wheat genotypes
at all the growth stages separately, the solution of PEG-6000 with a concentration of 20% was applied to the treated
group of each stage in each bag (= 400 ml/bag) at fifteen-day intervals whereas the same amount of tap water was
added in the control case. The treated plants were covered with transparent polythene sheets to avoid rainwater.
Parameters recorded at all different stages and their assigned codes are mentioned in Table 2.

The data of each phenological stage were subjected to analysis of variance (ANOVA) to determine the statistical
differences among the genotypes using the software Statistix 8.1. A biplot analysis based on principal component
analysis was performed to elucidate the tolerant genotypes (Johnson and Wichern, 2002) using R packages i.e.,
“ggplot2”, “factoextra”, “pca3d” and correlation was conducted to assess the relationship between traits using R
package “metan”.

Table 1. List of wheat genotypes used in the experiment.

Sr. No Variety Name Sr. No Variety Name Sr. No Variety Name Sr. No Variety Name
1 LLR-8 11 PARI-73 21 SEHER-06 31 WC-6
2 LLR-9 12 PUNJAB-85 22 INQ-91 32 WC-7
3 LLR-22 13 BLUE SILVER 23 PASBAN-90 33 WC-8
4 LLR-24 14 YACORA-70 24 MAXPAK 34 WC-9
5 LLR-25 15 PAVON 25 WEEBIL 35 WC-10
6 LYP-73 16 NESSER 26 PARWAZ 36 WC-22
7 LASANI-08 17 SHAHKAR-95 27 PRL 37 WC-23
8 AUQAB-2000 18 SA-42 28 LLR-23 38 WC-24
9 MH-97 19 PAK-81 29 CHANAB-70 39 WC-25
10 CHAKWAL-50 20 SA-75 30 FROTANA 40 WC-26

Table 2. Parameters recorded at all stages and their codes.

E:)' Stages Parameters Codes Sr.No Stages Parameters Codes
1 o Coleoptile length (cm) CoL.S 12 Shoot length (cm) SL.H
2 = Shoot length (cm) SIS 13 S No. of tillers NOT.H
3 o2 Root length (cm) RL.S 14 & Leaf area (cm2) LAH
4 n No. of roots NOR.S 15 =y Root to Shoot ratio RSR.H
5 Shoot length (cm) SL.T 16 ] Root length (cm) RL.H
6 © No. of tillers NOT.T 17 £ No. of crown roots NOCR.H
7 = Leaf Area (cm?) LAT 18 No. of seminal roots NOSR.H
8 ) Root to Shoot Ratio RSR.T 19 o Plant height (cm) PH.M
9 =2 Root length (cm) RL.T 20 o] Spike length (cm) SPL.M
10 5 No. of crown roots NOCR.T 21 U; Number of spikelets NOS.M
= = : : GW-
11 . No. of seminal roots NOSRT 22 = 1000 grain weight (9) 19
23 = Yield per plant (g) YPP

RESULTS AND DISCUSSION

Analysis of variance (ANOVA) revealed significant variation (P<0.01) among all genotypes for all traits at all the growth
stages under both control and drought conditions (Table 3). The results exposed the genetic variability among the
genotypes for all the measured traits. The mean performance of different wheat genotypes along with homogenous
groups and ranges for all recorded traits at all stages for control and drought conditions are given in Table 4(a), 4(b),
5(a) and 5(b) respectively.

At seedling stage, in control, the mean coleoptile length ranged from 3.83 cm to 7.38 cm (Table 4a & 4b) while it varied
from 3.15 cm to 5.49 cm under drought condition (Table 5a & 5b). LLR-24 (5.49 cm) and LLR-9 (5.47 cm) were found
with longest coleoptile length under drought condition. The number of roots ranged from 2.60 to 5.06 in control condition
and from 2 to 4.40 in drought condition. Genotypes Chakwal-50 and WC-8 both exhibited the mean value of 4.4 and
performed best for the number of roots under drought condition at seedling stage. Root length ranged from 6.24 cm to
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13.36 cm in control and from 5.73 cm to 12.76 cm in drought condition. LLR-25 and LLR-9 were found with longest
root under drought condition with mean values of 12.76 cm and 12.44 cm, respectively. Shoot length ranged from 5.67
cm to 13.84 cm in control and from 5.21 cm to 12.98 cm in drought condition. Genotypes, WC-10 (12.98 cm) and WC-
25 (12.54 cm) were produced tallest shoot under drought condition.

At tillering stage, the number of crown roots varied between 5.33 to 10.11 in control and 2.86 to 9.41 in drought
condition. The cultivars Pak-81, Lasani-08, and Pari-73 produced maximum number of crown roots under drought
condition. Increased mean values were observed for the number of seminal roots under drought condition ranged
from1.73 to 5.23 as compared to the control varied from 2.26 to 5. Cultivars, Chakwal-50 and Lasani-08 produced
maximum number seminal roots under drought condition with mean values of 5.23 and 5.05, respectively. The number
of tillers ranged from 3.86 to 7.30 under control and 2.60 to 6.80 under drought condition. Cultivar WC-22 was produced
maximum number of tillers under drought condition. Increased values were observed for the root-to-shoot ratio under
drought condition (9.79% to 88.55%) when compared to the control (14.23% to 75.3%) which indicated that the plants
modified their morphology under drought stress. The cultivars LLR-24 and LLR-22 performed best in terms of root-to-
shoot ratio under drought condition. The leaf area ranged from 16.34 cm? to 32.13 cm? in control and 15.14 cm? to
30.88 cm? in drought condition, with the top-performing cultivars (Seher-06 and SA-42) in terms of leaf area under
drought condition. Root length ranged from 5.30 cm to 9.99 cm in control and 3.77 cm to 9.87 cm in drought condition,
however, the cultivars Seher-06 and WC-8 found with longest root length under drought condition with the mean values
of 9.87 cm and 9.07 cm, respectively. Similarly, shoot length ranged from 25.73 cm to 41.13 cm in control and 22.40
cm to 40.40 cm in drought condition. Top-performing cultivars in terms of shoot length under drought condition were
PRL (40.4 cm) and WC-9 (37.6 cm).

At the heading stage, the mean number of crown roots varied from 6.58 to 12.78 in control, while a range from 5.88 to
11.38 under drought condition was detected. The genotypes Pavon and SA-75 produced maximum number crown
roots under drought condition. The mean values for the number of seminal roots varied from 4.20 to 5.96 in control,
while under drought condition, it ranged from 2.60 to 5.30. LLR-22, Chakwal-50 and Lasani-08 produced maximum
number of seminal roots under drought condition. The mean number of tillers varied from 3.50 to 6.50 in control, while
during drought condition, it ranged from 2.90 to 6.20. Augab-2000, Nesser, and Parwaz produced maximum number
of tillers under drought condition. The root-to-shoot ratio varied from 25.54% to 62.19% in control, while under drought
condition, it ranged from 14.38% to 62.48%. The cultivars that performed the best in terms of root-to-shoot ratio under
drought condition were WC-8 and LLR-24. In control, the leaf area varied from 19.88 cm? to 33.88 cm?, while under
drought condition, it ranged from 14.57 cm2 to 31.53 cm2. Genotypes Pak-81, Seher-06, and INQ-91 were found with
larger leaf area than other genotypes under drought condition. In control, the mean root length varied from 8.02 cm to
15.67 cm, while under drought condition, it ranged from 7.32 cm to 14.87 cm. Genotypes Lasani-08 and Frotana were
found to be have maximum mean root length under drought condition. The shoot length varied from 39.30 cm to 54.40
cm in control, while under drought condition, it ranged from 38.34 cm to 53.54 cm. The genotypes WC-22 and LLR-25
were found with tallest shoot length under drought condition.

At maturity, the mean plant height ranged from 55.30 to 67.91 cm for the control group while mean values for plant
height ranged from 53.96 to 69.34 cm under drought condition. The genotypes LLR-25and WC-22 were found to tall
heighted under drought condition with the mean values of 69.34 cm and 67.42 cm. In the control group, the mean spike
length ranged from 6.40 to 10.50 cm, while the mean values for spike length ranged from 5.20 to 10.30 cm under
drought condition. The genotypes Chakwal-50 (10.3 cm) and WC-10 (9.9 cm) produced longest spike under drought
condition were Chakwal-50 (10.3 cm) and WC-10 (9.9 cm). The mean number of spikelets ranged from 14 to 20 in the

Table 3. Analysis of variance under control and drought condition.

Growth Control Drought
Stage Sov Treatments Error CV (%) Treatments Error CV (%)
CoL.S 2.08** 0.06 5.17 1.05** 0.33 14.2
=2 SL.S 10.28** 0.13 3.32 8.94** 1.01 9.74
5 RL.S 7.38** 1.31 10.29 10.46** 1.02 10.12
§ NOR.S 1.45* 0.03 4.57 1.48* 0.02 5.47
o SL.T 47.63* 0.27 1.55 51.42** 1.08 3.21
S NOT.T 2.39** 0.01 2.25 3.26** 0.02 3.47
= LAT 68.72** 0.3 2.2 71.26** 1.03 4.29
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RSR.T 418.58** 7.55 8.04 691.95** 15.2 11.78
RL.T 4.04** 0.08 3.77 4.31** 0.11 491
NOCR.T 4.54** 0.03 2.33 6.43** 1.01 13.62
NOSR.T 1.65** 0.03 5.1 1.89** 0.009 2.67
SL.H 44.84** 1.41 2.57 48.96** 1.38 2.62
NOT.H 4.15* 0.03 4.17 4.01* 0.11 7.86

o LA.H 41.40** 242 5.6 50.62** 1.01 4
= RL.H 13.25** 0.11 2.88 11.69** 1.01 9.43
£ NOCR.H 6.40** 0.11 3.51 4.96** 0.11 3.96
NOSR.H 0.49** 0.02 3.26 1.37* 0.02 4.14
RSR.H 252.63** 5.27 5.36 394.8** 9.9 8.25
PH.M 30.58** 1.43 1.94 43.39** 1.01 1.66
> SPL.M 2.90** 0.02 1.95 4.25** 0.11 4.32
% NOS.M 5.43* 1.06 5.99 6.61* 4 15.72
= GW-1000 27.77* 2.7 5.4 30.27** 0.11 1.18
YPP 8.51** 0.02 1.52 9.65** 0.11 3.38

Key: *=(P<0.05), **=(P<0.01), Source of variation “SOV”, coefficient of variance “CV”, At seedling stage: (coleoptile
length (cm) “Col.S”, shoot length (cm) “SL.S”, root length (cm) “RL.S”, no. of roots “NOR. S”), At tillering stage: (shoot
length (cm) “SL.T”, root length (cm) “RL.T”, leaf area (cm2) “LA.T”, no. of tillers “NOT.T”, no. of crown roots “NOCR.T”,
no. of seminal roots “NOSR.T”, root to shoot ratio “RSR.T”), At heading stage: (shoot length (cm) “SL.H”, root length
(cm) “RL.H”, leaf area (cm2) “LA.H”, no. of tillers “NOT.H", no. of crown roots “NOCR.H”, no. of seminal roots
“‘NOSR.H”, root to shoot ratio “RSR.H”), At maturity stage: (plant height (cm) “PH.M”, spike length (cm) “SPL.M”,
Number of spikelets “NOS.M”, 1000 grain weight (g) “TGW”, Yield per plant (g) “YPP”.

control group, while in the drought condition, it ranged from 10 to 16. The genotypes WC-7 (16), INQ-91 (16) and
Frotana (15) produced maximum number of spikelets under drought condition. In the control group, the mean thousand-
grain weight ranged from 24.50 to 36.98 g, while in the drought condition group, thousand-grain weight ranged from
22.87 to 34.52 g. The genotypes WC-7, Lasani-08, and Seher-06 produced maximum thousand-grain weight under
drought condition than the other genotypes. In the control group, the mean yield per plant ranged from 8.34 to 13.76
g, while in the drought condition group, yield per plant ranged from 6.85 to 12.73 g. The genotypes LLR-25 followed
by Lasani-08 produced maximum yield per plant under drought condition with mean values of 12.73 g and 12.69 g,
respectively.

Correlation Studies

Under control condition

Coleoptile length (seedling) had a highly significant and positive correlation with the root-to-shoot ratio (heading) and
root-to-shoot ratio (tillering). The number of seminal roots showed a significant and positive correlation with the root-
to-shoot ratio at the heading stage. The number of tillers showed a highly significant and positive correlation with the
number of crown roots during the tillering stage. In contrast, number of tillers showed a significant but negative
association with the number of seminal roots at tillering. The number of crown roots had a highly significant but negative
correlation with root length at tillering as well as with the root length at the heading stage. Shoot length recorded at the
tillering stage had a highly significant but negative correlation with the number of crown roots and shoot length at the
heading stage. Shoot length had a highly significant and positive correlation with root length at the seedling stage,
while it showed a significant but negative correlation with the number of tillers recorded at the heading stage. The root
length recorded at the tillering stage had a highly significant and positive correlation with leaf area at the tillering and
heading stage as well as with root length at the heading stage. The leaf area at the tillering stage had a highly significant
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Table 4(a). Mean values and homogenous groups of all recorded traits of different wheat genotypes at all stages “under Control condition”.

Genotypes ColS |RLS |SLS |NORS [SLT |RLT |LAT | NOCRT | NOSRT | RSRT | NOT.T | SLH |RLH |LAH | NOTH | NOCRH | NOSRH | RSRH | PHM | SPLM | TGW | NOSM | YPP
LLR-8 6598 | 13207 | 12.12F | 393%™ | 3477% | 7.81M° | 2395% | 625 4 | 24725 | 570° | 402075 | 12677 | 2783 | 55° | 10327 | 5207 | 48495C | 5620% | 9%H | 2011 | 17.33°F | 8567
LLR-9 706* | 13240 | 11.45% | 4400 | 37.47%0 | 878~ | 1948 | 7.76° 5° | 304281 | 567- | 4433-" | 14.08%° | 2525M% | 55¢ | 931 | 558 | 5004%F | 60.33%0 | 7.4% | 27.9%0 | 1667°F | 984k
LLR-22 6.35° | 12.78°C | 13.24C | 313% | 3373M | 6585 | 1896 | 9.33° 4 63.56° | 587 | 49595C | 90270 | 21.76™ | 45 | 9.98% 59° | 52870 | 655080 | 917 | 3097 | 17.33F | 11.34°
LLR-24 6.638 | 112190 | 1034-N | 380" | 31200 | 7.90%N | 2527F | 833 4 75314 | 593" | 51.36%€ | 12775 | 3033% | 358 | 1099°F | 5480 | 6210% | 67.36"8 | 750 | 3220M | 16.00EC | 13.24°
LLR-25 738% | 1323% | 1256% | 340~ | 27.609 | 9.23°F | 27.40% | 7.67° 3 | 3565 | 687 | 54514 | 1167 | 2065%0 | 355 | 862M0 | 46 | 48715C | 63177 | 8.AMN | 3188 | 16.67°F | 13.43°
LYP-73 4717 | 910“N | 10224 | 2.73% | 32.70% | 840" | 2040~ |  6.66' 4 1641V | 3877 | 48095 | 13275 | 257250 | 65 | 7990 | 42 | 31.00% | 6a09°C | 64 | 32775F | 1533 | 15T
LASANI-08 | 5.005F | 12.85% | 11.455H | 48748 | 37.40°F | 7.32%% | 17.68° | 9.99% 5A | 2588%T | 530MN | 44.05-" | 14.625C | 233397 | 55C | 899KM | 53CF | 3306MN | 60.05<C | 9.6%° | 36.987% | 16.67°F | 13.74%
AUQAB-2000 | 430kn | 10405 | gm0 | gogpe | p7.47v | 9s1Ac | 275408 | g7 3 1433V | 637 | 48516 | 110451 | 20355 | 65A | 8200 | 44 | 25547 | 64510F | 9 | 31495 | 16.67°F | 10.87
MH-97 531 | 998N | 9450 | 34040 | 2573V | 844" | 1860% | 566" 4 | 3200 | 5705 | 5072°F | 1518% | 2317%7 | 450 | 10545 | 5480 | 48705¢ | e6.724C | 84t | 27.73-0 | 14.67%% | 965K
CHAKWAL-50 | 439" | 1105~ | 1076 | 460°° | 30277 | 6299 | 2038t | 833 5 1424% | 542 | 519190 | 1015™ | 247505 | 356 | 899%™ | 568 | 37.52M | 67.914 | 105° | 25279 | 17.33€ | 905N
PARI-73 4687 | 12207 | 11,04 | 4137 | 3107°R | 7119 | 2405 | 966" 48 | 366701 | 573 | 45817 | 855% | 2625-" | 450 | 8795V | 55 | 47.21FH | 6L81MK | 94%F | 2007V | 1667°F | 8.96°
PUNJAB-85 | 407 | 120178 | 1256% | 3.00% | 3333W | 7.15% | 1843% | 866" 3 | 3861%K | 7300 | 47.23% | 1045K | 250305 | 356 | 10327 | 5156 | 4161 | 63237H | 94% | 26.84M° | 1800°° | 834
BLUESILVER | *57" | 12.158F | 113451 | a535€ | 3558% | 7420 | 23.11% | 8668 4 24 | 4e00 | azzve | g | B3| sse | a110c | agm | aeea | 992" | osoe | 20ett | 17.33F | osat
YACORA-70 | 4.28-N | 112187 | 1067 | 4275¢ | 2055% | 580Y | 24.320H | 933° 3 | 271505 | 663F | 4757 | 8877 | 24575 | 356 | 10.99%F | 45K | 46327 | 635754 | 7.9% | 245° | 1667°F | 834
PAVON 4437 | 111780 | 1040M | 4.40°F | 28577 | 951AC | 20678 | 8.99° 220 | 281175 | 6.70°F | 5057°F | 12.38%" | 3107%¢ | 650 | 1278% | 56° | 47585 | 66.57°C | 935 | 25850 | 16.005C | 9.24MN
NESSER 453" | gomen | ges | 4207 | 32330 | g4t | 28110 | 933c 3| 18509 | 7.10% | 49.427% | 10687 | 3031% | 65% | 959 | 49 | 30670 | 6542°F | 7.09 | 30.427% | 18.674C | 10.65"
SHAHKAR-95 | 4837 | 831% | 7.89%% | 4.137H | 33030 | 896> | 28.9geC o 4 | 3207 | 600Y | 4671 | 1383° | 30.38®% | 6° 108°F | 495 | 5073% | 62717 | 84 | 326°C | 16.005¢ | 11.76F
SA-42 456" | o700 | 10450 | 493* | 3133 | 883 | 3175A | 9.66° 3 | 24165 | 6507 | 43917 | 15132 | 31.35%C | 356 | 1069°F | 47 | 33.95VN | 59.91%0 | g2M | 24917 | 1667°F | 9.56
PAK-81 3860 | 11550 | 13.76% | 3.60%M | 33.13%0 | 7.34% | 20528 | 10.11° 48 | 4401°F | 677°F | 40057 | 978¥W | 31720 | 450 | 906 | a7 | 47735 | s605% | 86" | 30077 | 17.33°€ | 10.65¢
SA-T5 4737 | 1031°% | 9440 | 347N | 28577 | 0.14cF | 3186~ | 833 45 | 30510 | 450%% | 47.06" | 14.01° | 3226°C | 55¢ | 1199 | 44™ | 47.18%' | 63067 | 88" | 207" | 1667°F | 11655
SEHER-06 456 | 1o 0ga | 112000 | 360<M | 37430 | 9994 | 3168% | 666 3 | 3008%0 | 510% | 4148% | 12437 | 3388% | 355 | 009" | 5156 | 4013< | 57.48% | 917 | 3471AC | 1867AC | 12.36°
INQ-01 407 | 125140 | 11787 | 40051 | 38.13%C | 8417 | 20258 | 866 3 | 40155 | 543% | 42.8500 | 1328F | 3365% | 55° | 10397 | 46 | 2731 | 5885MQ | 0.0° | 2641 | 10.33% | 945t

Key: At seedling stage: (coleoptile length (cm) “Col.S”, shoot length (cm) “SL.S”, root length (cm) “RL.S”, no. of roots “NOR. S”), At tillering stage: (shoot length (cm) “SL.T”, root length (cm) “RL.T”, leaf area (cm?)
“LA.T”, no. of tillers “NOT.T”, no. of crown roots “NOCR.T”, no. of seminal roots “NOSR.T”, root to shoot ratio “RSR.T”), At heading stage: (shoot length (cm) “SL.H”, root length (cm) “RL.H”, leaf area (cm?) “LA.H”",
no. of tillers “NOT.H”, no. of crown roots “NOCR.H”, no. of seminal roots “NOSR.H”, root to shoot ratio “RSR.H”), At maturity stage: (plant height (cm) “PH.M”, spike length (cm) “SPL.M”, Number of spikelets
“NOS.M”, 1000 grain weight (g) “TGW”, Yield per plant (g) “YPP”.
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Table 4(b). Mean values and homogenous groups of all recorded traits of different wheat genotypes at all stages “under Control condition”.
Genotypes | ColS | RLS | SL.S NORS | SLT |RLT |LAT | NOCRT | NOSRT | RSRT | NOT.T | SLH |RLH |LAH | NOTH | NOCRH | NOSRH | RSRH | PHM | SPLM | TGW | NOSM | YPP
N G c D-
SS‘SBAN 423w | 1213F | 12020 | 320% | 3567 | 8387 | 30938 | 533t 3 4460 | 4008 | ag07e | 1568~ | 32.73% | 658 | BoekN | 4t 26447 | 84077 | ggen | 317700 | 17.330€ | 13238
G- M- B- -
MAXPAK | 4.615M | 9.60"N | 9.76M 48778 27.40% | 7.11%% | 20238 | 9.33¢ 3 36807 | goor | 2385 | 1qggen | 30637 | o5 1119¢ | 5FH 3408w | 29857 | ger | 316380 | 16670F | 115450
B- K F A 3-
WEEBIL | 440" | 858" | 7837 2,607 2647 | 2407 | 31040 | 833 4 30.06% | soyvn | 44857 | 12277 1 8LEAT | poe | qg g0 | g8 26840 | 8085 | g4 | 299get | 18674C | 10,07
N- G-
PARWAZ | 441 | 1096t | 1021“N | 3,007 3040% | 6.44™ | 26.78° | 8.66° 5A 30.95% 1 430 | 52700 | gege | 28987 | gsa | 81990 | 5480 | 40.43< | 62707 | 95%F | 30547K | 1667°F | 11.43%
o- F o-
PRL 501°¢ | 6240 | 567 3330 | 4113~ | 7.20% | 28.945¢ | 9o 48 20977 | gagen | apsgre | g7amn | 29147 | 5sc | gagne | gge 063kt | 28987 | ggre | ppesMe | 193348 | 8.95°
E- Q- N- K-
LLR-23 4904 | 916N | 8457 apopo | 36577 | 100 | oz oguk | g 668 4 30.907 | 5ogw | 44787 | 1187 | 2765'N | 650 | 1059°F | 520F | 5050% | 60.78"N | 7.6° | 32.7°F | 16.005° | 954"
_ o T 5
CHANAB- | 5300 | 10730t | 1130 | agore | 37077 | 7.200% | 25007 | 966° 3 24T | gozec | 47.0164 | g6V | 272470 | 35E | 7.790 48M aroono | 83917 | gqmn | 3388e€ | 160056 | 1327
C-E B-) KL L el | 817" Q H A J-N P L-P A 22.94% E M-0 CE «w | 60.12% B H-L AB FG
FROTANA | 5289 | 11.34% | 1056 367 362301 | 8 16342 | 7.33 5 3480 | 4877 | 4412w | 15477 | 2 35 8.59 53 062 | 8 9.9 20.79% | 19.33 11.43
L- L- M- 0-
WC-6 4937 | 1170~ | 1245% | 4,93~ 38338 | [847 | 23000 | 7660 4 3294 | 50000 | a250% | 13288 | 25427 | 358 | g% 48M aropx | 58997 1 ggu | 3007 | 1400% | 1165%
o E- 3 K- e
WC-7 490°% | 971" | 11.420M | 4.30FF 36477 | 1307 | 2056¢ | .66t 3 4097 | gagen | 41850k | 12237 | 26967 | goc 939" | 48 49.600F | 2785 | ggoe | 359748 | 20000 | 13.26°
F-
wC-8 454" | 11.058% | 10328 | 5,074 37.305F | 9.83%® | 17.68° | 633 48 4737 | 4877 | 39315 | 22277 | 1988v | 358 | 798 | 5480 | 5568%C | 55315 | 84 | 31.92°% | 17.33¢€ | 12.03C
o A-C A-C L B L DE c A 34.23% 13 44,82 K c3 D R B-D wo | 60.82” op D-H C-E D
WC-9 3840 | 12.63°C | 1345 367 3833 | 831 | 27.54% | 9.33 5 3 o7 |4 10.75% | 20.74%0 | 45 6.58 5.4 a5 | 8 7.4 31.81° | 17.33 12.54
B- S- F-
WC-10 3850 | 1336 | 13.20% | 420" | 3457% | 531% | 1824% | o.8gre | 4° 253657 | s.ogwn | 90857 | qgqgum [ 22847 |55 | gggser | 4 451557 | 625200 | 103~ | 304837 | g 670F | 1087"
- A
WC-22 489EH | 1163~ | 1362%% | 4.400F | 33.40MN | 86459 | 2542F | 833 5A 82477 | go7a | 5259% | 1108 | o762 | 355 | 7997 | 520F | 4258k | 6125 | 707 | 27.610 | 19.33% | 9.3gM
F B~ A K-M GH G-l B | B c RS 45.70* R 31.66* E Q H-J as | 61.70% BC G-L AB |
WC-23 4767 | 11.26% | 13.84 3.60 36.43%H | 85957 | 29.46° | 6.66 4 ag81c | 4300 |2 gor |2 35 7.86 48 58.88%8 | 8 9.8 30 19.33 10.36
C- E- H- D-
WC-24 5.265F | 9.94™N | 11.46%H | 4.93A 37.430 | 2317 | p3610 | g33F 4 40297 | o070 | agget | 918 | 28017 | g5 11998 | 46% s5.50ec | 84287 | ook | ogegrt | 18674C | 12,540
M- A
WC-25 4807 | 11.814° | 13742 | 3.13%° 3873® | 612UV | 20518 | 8.66° 3 2170 | pagt | ATV | gy o0 | 32HT | g5 10397 | 4.8 40605 | 59.79-" | 79v | 35738 | 1667°F | 13.76%
R-
WC-26 4687t | 113250 | 12450 | 320% | 3040% | 8837 | 184300 | g 48 387050 | 493% | 4149% | 926% | 2063 | 45° | 976" | 520F | 4345 | 57.49%% | g3km | 34330 | 17.33°€ | 13.27°

Key: At seedling stage: (coleoptile length (cm) “Col.S”, shoot length (cm) “SL.S”, root length (cm) “RL.S”, no. of roots “NOR. S”), At tillering stage: (shoot length (cm) “SL.T”, root length (cm) “RL.T”, leaf area (cm?)
“LA.T”, no. of tillers “NOT.T”, no. of crown roots “NOCR.T”, no. of seminal roots “NOSR.T”, root to shoot ratio “RSR.T”), At heading stage: (shoot length (cm) “SL.H”, root length (cm) “RL.H”, leaf area (cm?) “LA.H”,
no. of tillers “NOT.H”, no. of crown roots “NOCR.H”, no. of seminal roots “NOSR.H", root to shoot ratio “RSR.H”), At maturity stage: (plant height (cm) “PH.M”, spike length (cm) “SPL.M”, Number of spikelets
“NOS.M”, 1000 grain weight (g) “TGW”, Yield per plant (g) “YPP”.
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Table 5(a). Mean values and homogenous groups of all recorded traits of different wheat genotypes at all stages “under Drought condition”.

Genotypes ColS | SLS RLS | NORS | SL.T RLT | LAT | NOT.T | NOCRT | NOSRT | RSRT |SLH |RLH | LAH | NOTH | NOCRH | NOSRH | RSRH | PHM | SPLM | NOSM | TGW | YPP
N- J- D-
LLR-8 5054 | 1176 | 1228% | 28" | 3467 | §27 | 2L 4w | g4gex | 3730 | 17.65%V | 3836F | 1127 | 2458F | 49° | 892¢' | 38t 40377 | 53960 | 78 | 1428 | 26710 | 7.160°
LLR-9 5477 | 10877 | 12442 |32/ | 368 | 72850 | 17.05° | 44W | 6367 | 483° | 38417 | 42130 | 126850 | 21.05% | 49 | 7.91%M | 4164 44890 | 57.73N | 6257 | 128¢ | 2550 | 44K
Q- E-
LLR-22 a5 | 12500 | 11758¢ | gaxe | 3gam | 2820 | qgg60 | saen | ge3rc | 3860 | 67258 | 48620 | 832M0 | 2031% | 420 | 9280% | 53 4965 | 64.42C€ | g5F1 | 108c | pg7e | 1064
M-
LLR-24 5490 | 10045 | 1005>6 | oM 306 | 837 | oa33m | a8 | o3 | 3730 | 88s6* | 50.76%¢ | 113701 | 27.830 | 295 | gs59cF | 4w 50.13% | 6503 | 63%7 | 128¢ | 29.85¢ | 11.84%C
E.
LLR-25 445¢ | 11348 | 1276~ | 30w 278% | garo | 20657 | g0 o1 | pgeet | 34520% | 5354A | 109750 | 27.85%0 | 328 | 792kmM | 39 45040 | 69.34% | 75MP | 14%% | 3068° | 12.73°
-
LYP-73 49670 | 10207 | eoax |21 | 309<m | 88T gm0 | ogs I soek [ 3730 | 97w | 46.167H | 11.870¢ | 19227 | 5.9% | 6507 287 2274% | 628757 | 529 | 128¢ | 3037° | 10.17%
LASANI-08 | 368™M | 11.45AC | 122% | 399 | 3545¢ | 705" | 16677 | 4.9% | 934 5058 | 27.00MC | 42250 | 1488% | 2111 | 53C | 7.04<M | 51248 | 3099V | 60.43" | 948¢ | 128¢ | 34508 | 12.69°
E-
AUQAB-2000 | 414 | .67+ 9.860¢ | 24K | 26%% 8745 | 26357 | 580F | 7.97AF | 2.86%% | 11.46"W | 4754%F | 110401 | 24257 | gon | 750 | 4o0m 2006 | 63.347¢ | 8461 | 1428 | 30.20% | 10.17%
K-
MH-97 3967M | 805t 725 | 25% | 2245 | 538 | 1517° | 32% | 286 346 | 21.25°7 | 47520F | 12.38°F | 1457 | 338 | 774N | 260 35457 | gp7orn | 6T 10° 22.93% | 6.855
N- M-
CHAKWAL-50 | 3.92°M | 102350 | 1228% | 442 304 | 8127 | 2024 | s | ggsae | 5038 | 1323w | 55428 | 9gg™M | 22878 | 328 | 7590 | 53 3747 | 6687° | 103* | 14% | 22875 | 7.6590
M- E- D-
PARI-73 401" | 1056°% | 11.98~¢ | 345 | 304 | 87 o305 | 510 | goere | 386 | 3562 | 4484 | 78sM0 | 24057 | 40 | gogke | 4800 43197 1 goean | ggoe | 10° 27.87 | 8.26-"
R-
PUNJAB-85 | 358" | 11.87%¢ | 11.38~ | 2.4%t | 316t | 2857 | 183" | 61fc | 726%1 | 2.83% | 5445¢ | 45035 | 905 | 2283 | 298 | 892+t | 37% 3485 | 60.639 | 827K | 138¢ | 24440 | .oa%s
K- E- D-
BLUESILVER | 369"V | 10.87¢H | 11.76~¢ | 48¢ 3agen | 8657 | poapi | 3o | 706aF | 3860 | 351651 | 4225t0 | gasn | 23917 | goc 10498 | 416 42837 | sgosem | goce | 128¢ | 2866 | 8.84%
c P
YACORA-70 | 353" | 1003s | 104757 | 3650 | 286M0 | 484 | 23329 | 60550 | 846~E | 280" | 2054+ | 46755 | goovo | 22826 | 31F | 10.115% | 4.1¢ 411200 | 6252504 | 7.15P2 | 1408 | ggrs | 1465
C_
PAVON 3365 | 956 9.950¢ | gon 2697 | 7980 | B0 | 5ere | 75gen | 173 23.69°5 | 48.64% | 10985 | 2043% | 5.9% | 1138 | 4.26H 4061% | 64.245F | g1 | 128¢ | 23.45% | 7.84M
D-
NESSER 367"M | g3t 873 | 368 sret | 748 | 27317 | gen | ge3rc | 286%% | 1557w | 4gaste | gogtt | 2807 | 624 | ggg | 42w 24.98%° | 64.25¢F | 65RT | 14% | 29207 | 995
D- F-
SHAHKAR-95 | 4.16°L | 7.32< 6.92K | 3on a5t | 7a3e | 27387 | aga [ 7g0en | 3730 | 28630 | 4478"0 | 12430F | 27.340 | 54%c | gao 3.3 4451° | 60.38° | 7200 | 128¢ | ggooF | 10-36
E- B-
SA-42 4020M | 11430 | 8510 | 390 | gon [ 17 | g0m5h | 57 | 8610 | 2956 | 210707 | 4206-0 | 1408nc | 2898 | 308 | ggace | aePF | 24720 | 5776N | 7ave | 128¢ | 23.11RS | g1k

Key: At seedling stage: (coleoptile length (cm) “Col.S”, shoot length (cm) “SL.S”, root length (cm) “RL.S”, no. of roots “NOR. S”), At tillering stage: (shoot length (cm) “SL.T”, root length (cm) “RL.T”, leaf area (cm?)
“LA.T”, no. of tillers “NOT.T”, no. of crown roots “NOCR.T”, no. of seminal roots “NOSR.T”, root to shoot ratio “RSR.T”), At heading stage: (shoot length (cm) “SL.H”, root length (cm) “RL.H”, leaf area (cm?) “LA.H”,
no. of tillers “NOT.H”, no. of crown roots “NOCR.H”, no. of seminal roots “NOSR.H", root to shoot ratio “RSR.H”), At maturity stage: (plant height (cm) “PH.M”, spike length (cm) “SPL.M”, Number of spikelets
“NOS.M”, 1000 grain weight (g) “TGW”, Yield per plant (g) “YPP”.
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Table 5(b). Mean values and homogenous groups of all recorded traits of different wheat genotypes at all stages “under drought condition”.

Genotypes | ColS | SL.S RL.S NORS |SLT |RLT LAT | NOT.T | NOCRT | NOSRT | RSRT | SLH |RLH |LAH | NOTH | NOCRH | NOSRH | RSRH | PHM | SPLM | NOSM | TGw | YPP
SS‘SBAN' 427°% | 11874 | 10030¢ | oM 3464 688 | 3053 | 285 | 393% | 283" | a4.99% | 45877 | 14060 | 303320 | 590 | 7560 | 320 16.36% | 61.47" | 8.78# | 128¢ | 293761 | 11.835¢
MAXPAK | 3816 | 945™ | 7.02%0 | 36 2580 | sogsT | 21837 1w | gggar | p7an | gagyes | 43447 | 1188Y | oo ige | pge | gyge0 | ze | 24040 | 37527 | gau | qpee | 29237 | 4540
WEEBIL | 348" | 689t | 736 |24 | 2agr | 787 | 29047 |40 | goger [ gggpo | 39007 | 42927 | agei | ggae0 | 4gc | ggoct | 34N | 14307 | 5B52< | 7200 | 1a%e | 2758w | ge7ie
PARWAZ | 3816M | 956%™ | 1145%° | 24% | 206" | 59905 | 25085 | 41 | gesc | 4gec | 272" | s17are | gagve | 2799t | 628 | 7agmo | a7ee | B348% | grgpme | g | gpee | pg34e | 1073
PRL 4360 | 521 | 573¢ 2.8H a4 | o530 | BT | gere | ggone | ggee | 2828 | 4161 | oo | ogeseo | 5c | 773N | 4gec 3612t | D147 s | 1are | 2545° | g2stn
LLR-23 400" | g1 | 7927 |32/ | 3agon | saps | 2LOSC |y | gogae | g7ap | 2690 | 4285 1 1047 | op e | 5o | gager | 3@t | 44.05% | 6176% | 64%T | 1256 | 303% | 8140
CHANAB- | 4g1re | gaam | 962 42%0 | 3645t | 6460 | 24240 | 628 | gosre | 2gecn | 25427 | 46947 | gogio | 5omr | 326 | 7.00° | 41 2ga0% | 82747 | ggwe | ppic | gpgge | 12574
FROTANA | 4917¢ | 10127 | 10.38F | 2.7 34.9°H | 707%K | 15149 | 3.9 | 6280 | agsee | 33725 | 42217 14 on | p0004 | 305F | 7540 | agsre | 3003 | srgum | gor | qgas | p7gom | 10387
WC-6 447 | 11328 | 10535F | 4228 | 3768 | 708" | 2242% | agsem | goget | ageo | LTI | ALG2W | 12587 | appre | 506 | 50 4150 38.16% | 57427 | gum | pec | 297F1 | 10958
WC-7 447" | 109454 | 7.25+ 36H ager | 5garT | 2096% | gam |76 | a73n | go7ee | 39927 | qogam | 24317 | goc | 7ggem | 3amv | g3groe | 35527 | gaer | gen 33578 | 11.86%
wC-8 4245% | 954 | 10628F | 447 36580 | 9.07 16.88° | 42% | 563 386° | a7.65° | 3834 | 1577 | qgqak | 308 | 7280 | azce | goagr | 3887 | g | qpsc | 3070 | 12230
WC-9 345M | 12.328C | 114280 | gon 376 | 75550 | 2074 | gaen | gearc | agec | 32977 | sgggt | 1005 | pgaeen | 40 | 5880 azce | 40427 | oo enk | ggor | 10° 30610 | 11.845
WC-10 316 | 12542 | 11.845C | 3on 329° | 378" 16647 | 380 | gagre | 3730 | 20387 | yggooo | gygeo | 1987 | g | guspe | gam | 3772V | gumoen | gore | 1ame | 2g7sK | gup
WC-22 4030 | 12214 | ggavs | g5c 3269 | 788 | 2462% | 680 | 7638¢ | agec | 109 | gaogn | 10385 | op e | goe | 7pgn0 | gser AT | g7 | gers | 105 | 26410 | 868
WC-23 387°M | 12358C | 91770 | 287 a5.70F | 783 | 2806 | gun | 5ogn | 3ge0 | a9.4200 | 4T3V | 7350 | pgasec | 32f | 7.6 418 56.00° | 60.53" | 9.20¢ | 14 | 288" | 966"
WC-24 392°M | 1084CH | 7.58™ 3.6 35.95F | 77850 | 22010t | a8t | g3t | a730 | 39237 | 46357 [ law0 | g5 | oot 10598 | 3.2M 45200 | 61.95%1 | 7.3%Q | 140 | 27.20M | 11.14%€
WC-25 425¢% | 1208~ | 1045°F | oM 378¢ g | 27917 | ggce | gasre | pggen | 14467 | 4L92' | 10.52% | 28.78% |, o 8.99%H | 4.7¢F a1.990 | 37527 | 500 | ppmc 33.33% | 12.36"8
WC-26 4567 | 116776 | 99506 | pax | 29467 gegsr | qgeae | 44vn | gosre | 38e® | 36310 | 2052° | gsgo | 1g3gx | 420 | 0067 | 45%F 39.20% | 56.32% | ;70 | g 33.13% | 12574

Key: At seedling stage: (coleoptile length (cm) “Col.S”, shoot length (cm) “SL.S”, root length (cm) “RL.S”, no. of roots “NOR. S”), At tillering stage: (shoot length (cm) “SL.T”, root length (cm) “RL.T”, leaf area (cm?)
“LA.T”, no. of tillers “NOT.T”, no. of crown roots “NOCR.T”, no. of seminal roots “NOSR.T”, root to shoot ratio “RSR.T”), At heading stage: (shoot length (cm) “SL.H”, root length (cm) “RL.H”, leaf area (cm?) “LA.H”,
no. of tillers “NOT.H”, no. of crown roots “NOCR.H”, no. of seminal roots “NOSR.H", root to shoot ratio “RSR.H”), At maturity stage: (plant height (cm) “PH.M”, spike length (cm) “SPL.M”, Number of spikelets
“NOS.M”, 1000 grain weight (g) “TGW”, Yield per plant (g) “YPP”.
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and positive correlation with the leaf area recorded at the heading, while it showed a significant but negative correlation with
the number of seminal roots (tillering) and number of seminal roots (heading). The leaf area (heading) showed a significant
but negative correlation with the number of seminal roots recorded at the tillering as well as at the heading stage. (Figure
la).

Under drought condition

A significant and positive correlation between the number of seminal roots and the number of tillers at the heading stage
was observed. The number of seminal roots also showed a significant positive correlation with number of tillers at heading
stage and spike length as well as with the number of seminal roots, shoot length and number of crown roots recorded at
the tillering stage. Moreover, this trait had a significant but positive association with root length taken at seedling stage. The
number of tillers at the heading stage was observed positively correlated with the number of crown roots noted at the tillering
stage. However, the number of crown roots (tillering) showed a negative correlation with coleoptile length (seedling) and
root length at heading stage. A positive correlation was observed between root-to-shoot ratio (tillering) and root-to-shoot
ratio (heading). Shoot length at tillering stage had a negative association with shoot length and number of crown roots at
heading as well as with plant height. The number of seminal roots (tillering)was negatively correlated with leaf area at
tillering stage and also with number of crown roots and leaf area taken at heading stage. Shoot length (seedling) was
positively associated with root length at seedling stage, while negatively correlated with number of tillers at heading stage.
Seedling root length showed a positive correlation with spike length. Root length (heading) had positive correlation with root
length (tillering). Root length (tillering) was positively correlated with both leaf area (tillering) and leaf area (heading). Leaf
area noted at the tillering stage had a positive correlation with the number of spikes, spike length and leaf area (heading).
A highly significant and positive correlation was observed between Thousand-grain weight and yield per plant (Figure 1b).
PCA-Biplot Analysis

The PCA's first and second components justified 28.5% and 28.6% variation under control and drought stress condition,
respectively (Figure 2a & 2b). Chakwal-50 is positioned far in the top right quadrant, suggesting it is distinct from other
genotypes and heavily influenced by traits i.e., no. of tillers, no. of seminal roots at heading, no. crown roots at tillering and
root length at seedling stage. LLR-25 and LLR-22 are positioned in the right quadrant, showing the close association with
no. of tillers and root length at seedling stage under drought condition, respectively. The Lasani-8, WC-26 and WC-8 are
positioned in the lower-right quadrant of the biplot, indicating their distinctness and a strong influence by specific traits
including coleoptile length at seedling, no. of seminal roots at tillering, shoot length at seedling, 1000-grain weight and yield
per plant. This distinct grouping reflects their divergence from other genotypes in the study based on these traits (Figure
2b).

Hence, PCA revealed that genotypes i.e., Chakwal-50, Lasani-08, WC-26 and WC-08 are strongly associated with key
drought-resilient traits under drought stress (Figure 2b). PCA bi-plot analysis revealed the positive association of yield per
plant with attributes like coleoptile length and shoot length at seedling stage, no. of crown roots, root length, root-to-shoot
ratio, shoot length at tillering stage, root-to-shoot ratio at heading and 1000-grain weight at maturity under drought stress
condition (Figure 2b)
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Figure 1. Pearson’s Correlation of (a) control and (b) drought stress effect on different variables under study.

Analyzing morphological determinants for yield that respond to water stress proved to be useful in the screening of wheat
genotypes under drought condition. Elongated functional roots can enhance the ability of plants to absorb water and
nutrients which ensures the survival of plants under drought condition. The roots play a vital role in altering wheat plant
physiology and shoot morphology by affecting the absorption of nutrients and water (Kareem et al., 2022). The same
phenomenon was observed during this investigation and also reported earlier by many scientists, at the seedling stage,
Seher-06, LLR-25 and LLR-9 showed maximum mean values for root length under drought stress while at the tillering stage,
Seher-06, WC-8 and Auqab-2000 performed best under drought stress condition by keeping their highest root length. At
the heading stage, Lasani-08 showed a good response to water stress by increasing its roots. Drought stress limits the
development/growth of horizontal root system (crown roots), where seminal roots help plants to survive as they can still
grow and find water (Manschadi et al., 2006). The roots that go deep into the soil layers are seminal, while the number and
length of seminal roots can be used as an important parameter to study drought tolerance as genetic variation has been
reported in wheat for this trait (Bengough et al., 2004). In the current study, parameters such as root length and number of
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Figure 2. PCA bi-plot analysis depicts genotypes and variables into different quadrants based on the trait's association
under (a) control and (b) drought stress condition.

seminal roots were found crucial to determine water stress condition. An increase in the mean values for seminal roots and
root-to-shoot ratio was observed under drought condition whereas a decline in the number of crown roots, number of tillers
and shoot length was observed under water stress. It indicates that it is hard for a plant to maintain a strong airy portion
(shoot and tillers) under drought condition. It is regarded as a water economy strategy by plants to cope the water scarcity
condition by reducing canopy area (Farooq et al., 2019). This adaptation helps plants to keep a balance between water
absorbed by roots and in plant tissues (Shao et al., 2009; Farooq et al., 2019).

The long root system also helps plants increase tillering and grain yield. The relationship between root length and yield is
closely tied to the root system's physiological and morphological characteristics (Yang et al., 2023). In this study, positive
correlation of yield with root length, no. of seminal roots, no. of crown roots and 1000 grain weight was also observed.

The deep roots of wheat are considered very important for plants to show tolerance to drought stress, especially during
tillering and maturity (Zhou et al., 2022). Most of the genotypes having high values for root length can be observed away
from the origin in the PCA biplot (Figure. 2b), depicting the reliability of the results. Yield in wheat is influenced by traits such
as 1000-grain weight and tillering. Root traits, particularly under stress, enhance water and nutrient uptake, contributing to
yield stability. High-yielding cultivars balance root-shoot systems and adapt efficiently to environmental condition (Tshikunde
et al., 2019). The identified genotypes Chakwal-50 and Lasani-08 showing deeper roots under drought can be utilized for
the development of drought-tolerant lines holding deep root systems. Based on PCA analysis, genotypes Lasani-8, WC-8
and Chakwal-50 were showed greater distance from the origin and found at the vertex of triangle under drought along with
best performance regarding yield and other parameters taken at different stages, Magbool et al., 2010 also discussed similar
findings. The genotypes WC-8 and LLR-22 performed well under control condition (Figure. 2a).

PCA-biplot proved to be useful in isolating appropriate drought-tolerant and high-yielding genotypes (Khalili et al., 2012).
The importance of a biplot can be illustrated by its character of displaying relationships among various indices under drought
condition. In addition, it demonstrates an outline of these indices mainly those that are away from the origin. In conclusion,
the present study explored the drought-tolerant genotypes based on modifications in the morphological attributes under
drought stress condition. It also revealed the genetic diversity among wheat genotypes based on the expression of the
recorded traits.

CONCLUSION

Drought adversely affects plant growth. During this study, the length and number of roots along with other morphological
traits at all growth stages are proved to be helpful under drought stress condition where the plants have to maintain their
yield as well. Screening can be done at early stages such as seedling as well as in later stages; tillering, heading stage and
maturity. Chakwal-50, Lasani-08, WC-8 and LLR-22 showed the best performance regarding root parameters under drought
and can maintain good vegetative portions and good yield. Furthermore, Genotypes LLR-25 (12.73g/plant), Lasani-08
(12.69g/plant) and WC-26 (12.57 g/plant) showed the best performance in terms of yield under drought condition. In
conclusion, this study recommends these genotypes for direct sowing in farmer fields under drought condition and can
further be used for wheat breeding programs to develop drought-tolerant varieties.
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