Physiological Responses of Stress Tolerant
Rice Varieties across Different Cropping
Systems under Rainfed Stress

ABSTRACT

Rice, sustaining half of the world's population, is traditionally cultivated through
transplanting, particularly in Asia. However, challenges like excessive water use, labour
demands, and environmental stresses like drought prompt the search for alternatives. Our
study evaluates the impact of various crop establishment methods (CEs) — conventional
puddled transplanting, direct drill seeding on flatbeds (DSR), and direct seeding on raised
beds (FIRB) — on five stress-tolerant rice varieties (V): DRR 42, DRR 44, Sukha Dhan 5,
Sukha Dhan 6, and Sarjoo 52. The key physiological parameters like Relative Water
Content, Membrane Stability Index, and Chlorophyll content were analysed across different
CE and V combinations. Notably, FIRB consistently surpasses other methods, suggesting
its potential in bolstering stress tolerance and yield. Among the five varieties, Sukha Dhan
5 (V3) displays the highest RWC, Sarjoo 52 (V5) in MSI, and DRR 44 (V2) demonstrates
superior chlorophyll content. These varieties underscore their pivotal role in maintaining
plant water status, facilitating robust photosynthesis, and enhancing stress resilience,
thereby ensuring stable yields. Our findings underscore FIRB's promise in curbing water
waste and mitigating drawbacks associated with conventional transplanting practices.

Keywords: Cropping Systems, Direct drill seeding on flatbed (DSR), Direct seeding on the
raised bed (FIRB), Puddled transplanting, Stress-Tolerant Rice Varieties

1. INTRODUCTION

Rice, a vital staple food, is cultivated in over 95 countries worldwide, providing approximately
20% of the global dietary energy supply, with Asia alone accounting for 92% of production and
consumption [1;2]. India ranks as the world's second-largest producer of rice [3]. However,
only a fraction of rice cultivation in India is irrigated [4]. Traditional methods like transplanting
in puddled soil dominate, especially in regions like North Western India [5;6]. While offering
benefits such as higher yields and effective weed control, these methods are water-intensive,
laborious and environmentally concerning due to soil degradation [7]. Hence, there is a
growing need for alternative methods to address water scarcity and environmental issues
while ensuring food security.

Dry direct seeding of rice (DSR) involves planting crop in non-puddled, unsaturated soil.
Kumar et al. [8] stated its efficacy in reducing water losses and labour costs. The yield of rice
from direct-seeded crops is comparable to or higher than that from transplanted rice systems
[9;10]. Additionally, Bajpai et al. [11] suggest that minimal tillage in rice achieves results similar
to conventional puddling while reducing transplanting expenses and preserving soil structure.
DSR offers the potential to decrease water usage by 44% without compromising yield [12].
DSR maximizes water utilization, making it suitable for regions with limited water resources



[13]. This method also sustains rapid growth under low irrigation and fertilizer conditions,
contributing to its economic viability [14]. Moreover, aerobic rice cultivation promotes tiller
emergence and enhances the rhizosphere environment [15;16]. Selecting large, deep-rooted
cultivars ensures the stability of continuous aerobic rice production, with additional benefits
observed when rotating aerobic rice with upland crops, particularly soybeans [17].

The furrow-irrigated raised bed (FIRB) cropping method is cropping in ridges or beds, a
technique widely adopted for wheat globally and increasingly so for rice and vegetables in the
Indo-Gangetic plains. Singh et al. [18] stated, higher tiller density, longer ears, and increased
test weight, resulting in greater rice yields in FIRB when compared to conventional methods.
Coventry et al. [19] revealed significantly higher yields with this method compared to direct-
seeded rice. Water savings of 18% to 50% have been observed with FIRB [20;21], attributed
to increased biomass and border effects [22]. Microclimate and rhizosphere conditions
contribute to its high-yield characteristics [23], while reduced soil bulk density benefits crop
growth [24]. Additionally, bed planting reduces water usage and weed control costs [25].
Adoption of this method has boosted wheat production in regions like North-western Mexico
[26]. Hobbs et al. [27] highlight benefits like efficient water use, weed control, and lesser
lodging, with FIRB allowing better light penetration and reduced seed rates [28].

While there is growing recognition of the need for alternative cultivation methods to enhance
rice productivity and address environmental challenges, there remains a gap in understanding
the specific benefits and limitations of these methods, particularly in the context of
physiological traits and stress-tolerant rice varieties. In our study, we aimed to evaluate the
impact of different cropping systems on stress-tolerant rice varieties by assessing various
physiological parameters. By exploring alternative cultivation techniques such as DSR and
FIRB methods, we aimed to uncover their potential advantages. Our goal was to contribute to
increasing rice productivity while addressing pressing issues like water scarcity and
environmental concerns associated with traditional transplanting practices.

2. MATERIAL AND METHODS
2.1 Experimentation

Sowing was done at the Agricultural Research Farm, Institute of Agricultural Sciences,
Banaras Hindu University in the Northern Gangetic Alluvial Plains, India, having a subtropical
climate. Experiment was conducted during the kharif season of 2018-19 under rainfed stress
condition. A set of five Stress-Tolerant Rice Varieties (STRVsS) was obtained from the
Department of Agronomy, Institute of Agricultural Sciences, BHU, Varanasi. The sowing
methods were conventional puddled transplanting, direct drill seeding on flatbed (DSR), and
direct seeding on raised beds (FIRB), all conducted on first week of June 2018, amidst 8.0
mm of recorded rainfall. Weekly minimum and maximum temperatures stood at 27.9 and
35.5°C, respectively, with relative humidity at 77% in the morning and 57% in the evening.
Weekly evaporation and sunshine hours were measured at 4.4 mm and 6.4 hours,
respectively. Subsequently, conventional rice transplanting occurred in the first week of
August, coinciding with 26.6 mm of rainfall and weekly minimum and maximum temperatures
of 24.7 and 31.8°C. The weekly evaporation rate and sunshine hours were recorded at 2.8
mm and 4.8 hours, respectively, with morning and evening relative humidity at 92% and 77%,
respectively.

2.2 Design and layout



The experiment utilized a split-plot design with three replications, as outlined in Table 1. Three
different cropping systems were assigned as the main plots: Puddled transplanting
represented by CE1, DSR as CE2, and FIRB denoted as CE3. Five STRVs were allocated as
sub-plots, with DRR 42, DRR 44, Sukha Dhan 5, Sukha Dhan 6, and Sarjoo 52 labelled as
V1, V2, V3, V4, and V5, respectively. Observations were made at three growth stages: Active
tillering stage (S1), 50% Flowering (S2), and Grain filling stage (S3).

Table 1. Description of the experiment.

Design - Split Plot

No. of main plots - 3 (Cropping Systems)

No. of sub-plots - 5 (Varieties)
Replications - 3

Total number of plots - 3x5x3=45

Area of field - 77.5mx17.2m
Area of plot - 45mx4m
Plot Border - 0.5m

Replication border 1.0m

2.3 Measurement of physiological parameters and yield

The relative water content (RWC) was assessed following the procedure outlined by
Weatherley [29]. Initially, 100 mg of leaf material was selected and immersed in double distilled
water in a Petri dish for a duration of two hours to ensure the leaf tissue reached turgidity.
After this period, the turgid masses of the leaf materials were measured by gently blotting
excess water and placing the tissues between two filter papers. Subsequently, the leaf
material was transferred to a butter paper bag and subjected to drying in a hot air oven set at
65°C for 24 hours, after which their dry masses were recorded. The RWC was then calculated
using the appropriate formula.

e ) = [Fresh mass - Dry mass] -
%) = [Turgid mass— Dry mass]

The membrane stability index (MSI) was determined following the protocol outlined by Sairam
[30], which involved measuring the electrical conductivity of leaf leachates. Initially, the MSI
was assessed by placing two identically sized leaf discs into separate standard test tubes
containing 10 mL of double distilled water. One set of test tubes was then placed in a water
bath set to 40°C for 30 minutes, while another set was submerged in boiling water at 100°C
for 15 minutes. Subsequently, the electrical conductivities (EC1 at 40°C and EC2 at 100°C) of
the respective leachates were measured using a conductivity meter (Systronics conductivity
meter, 306). The membrane thermo-stability was then calculated using the provided formulae.

MSI=1 EC1 100
=1- — X
EC?2

The chlorophyll content in leaf samples was determined following the method outlined by
Hiscox and Israelstam [31]. Initially, the uppermost fully expanded fresh leaf samples were
selected, thoroughly washed, and then cut into small sections. Subsequently, 50mg of leaf
sample was placed into test tubes containing 5mL of Dimethyl sulfoxide (DMSO), and the



tubes were placed in a hot air oven set to 72°C for 2 hours. After cooling, the final volume of
the supernatant was adjusted to 10 mL using DMSO. For the blank, 10 mL of DMSO was
taken in a test tube without the leaf sample. Absorbance readings were taken at 663 nm and
645 nm, respectively, using a spectrophotometer (SSC-177 Scanning Mini
Spectrophotometer) and the chlorophyll content was recorded. The Chlorophyll content was
determined by using formula given by Arnon [32].

[12.7 X Aggz — 2.69 X Agus] X Volume of sample

1000 x Mass of sample
[22.9 X Agys — 4.68 X Aggz] X Volume of sample

1000 x Mass of sample
[20.2 X Agys + 8.02 X Aggz] X Volume of sample

1000 x Mass of sample

Chlorophyll a content (mg/g FM)

Chlorophyll b content (mg/g FM)

Total chlorophyll content (mg/g FM) =

where, Aess, Asss are the absorbance readings at 645 and 663 nm wavelengths, respectively
and FM is fresh mass of the sample.

2.3 Statistical analysis

A split-plot layout with three replications was employed in the experimental design, featuring
three CEs as main plots and five rice varieties as sub-plots. To assess the significance of
treatments and sampling periods, a two-way analysis of variance (ANOVA) was conducted for
all the parameters. Mean differences were determined using Duncan’s Multiple Range Test
(DMRT) at the significance level of p= 0.05. The statistical analysis was performed utilizing
the web-based platform STAR NEBULA (Statistical Tool for Agricultural Research,
International Rice Research Institute).

3. RESULTS AND DISCUSSION

The ANOVA results for the physiological parameters studied in five STRVs across three CEs
at various growth stages are presented in Table 2. It was observed that all the studied traits
were significantly influenced (p < 0.05) by CE, V, and their interaction CE x V. The impact of
different CEs and V on physiological parameters at different growth stages is visually depicted
in Figure



Table 2. ANOVA results for physiological parameters studied in five stress-tolerant rice varieties (V) across three Cropping
Systems (CE) at different growth stages under split plot design.

Stages of At active tillering At 50% flowering At grain filling
observation/Parameters CE Vv CE xV CE vV CE xV CE vV CExV
SE(m) 0.97 1.40 2.42 0.96 1.58 2.73 0.88 1.28 2.22
Relative Water Content CD 3.81* 4.08* 7.07* 3.79* 4.6* 7.97* 3.46* 3.73* 6.47*
Ccv 4.60 5.13 - 4.27 5.41 - 4.55 5.12 -
- SE(m) 1.43 1.70 2.94 1.29 2.09 3.61 1.01 1.46 2.53
Membrane Stability cD 5.6 496*  86* | 506¢ 609*  1055* | 3.96* 427%  7.39*
Ccv 9.33 8.62 - 9.43 11.83 - 6.90 7.74 -
SE(m) 0.00 0.00 0.01 0.03 0.04 0.07 0.01 0.06 0.10
Chlorophyll a content CD 0.008* 0.01* 0.017* 0.111* 0.122* 0.212* 0.03* 0.171* 0.295*
Ccv 4.26 5.40 - 4.06 4.66 - 2.00 11.68 -
SE(m) 0.01 0.01 0.01 0.02 0.02 0.04 0.02 0.04 0.08
Chlorophyll b content CD 0.03* 0.02* 0.035* 0.06* 0.069* 0.12* 0.091* 0.128* 0.221*
Ccv 30.61 21.23 - 5.72 6.87 - 15.69 23.02 -
Total chlorophyll SE(m) 0.01 0.01 0.01 0.02 0.04 0.07 0.02 0.09 0.16
content CD 0.03* 0.02* 0.03* 0.08* 0.11* 0.19* 0.09* 0.27* 0.46*
Ccv 11.12 5.94 - 2.05 3.04 - 4.34 13.30 -

SE(m) - Standard Error for the mean, CD - Critical Difference, CV - Coefficient of Variation, * represents significance level at p<0.05
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Figure 1. Effect of different Cropping Systems (CE) and stress-tolerant rice varieties (V) on physiological parameters studied at
different growth stages. Bars represent Standard Error. Abbreviations; V1 - DRR 42, V2 - DRR 44, V3 - Sukha Dhan 5, V4 -
Sukha Dhan 6, V5 - Sarjoo 52, CEL1 - puddled transplanting, CE2 - direct drill seeding on flatbed (DSR), and CE3 - direct

seeding on raised beds (FIRB).




3.1 Impact of different Cropping Systems on relative water content in stress-tolerant rice varieties

The RWC analysis revealed notable variations among the different growth stages and CEs examined in this study. CE3 exhibited significantly
higher RWC content across all growth stages, while CE1 displayed the lowest levels [Table 3]. Highest RWC observed at 50% maturity,
indicating a critical phase in rice development. Interestingly, CE3 x V3 consistently outperformed other combinations in terms of RWC content
throughout the experiment. During the active tillering stage, V4 at CE1 and V3 at both CE2 and CE3 exhibited the highest RWC content,
while V5 at CE1 and V1 and V5 at CE2 displayed significantly lower RWC levels. At 50% flowering, all varieties were relatively equivalent at
CE1, while V1 and V5 at CE2 and V4 at CE3 demonstrated the highest RWC content among the CEs. However, at maturity, V3 consistently
exhibited the highest RWC content across all CEs, with V2 and V4 at CE1, V1 at CE2, and V4 at CE3 displaying the lowest levels. Further
analysis focusing on individual varieties revealed V3 consistently demonstrating the highest RWC levels across all three stages [Table 4].
Notably, during the active tillering stage, nearly all varieties, except V4, displayed optimal performance at CE3. Similarly, at 50% flowering,
V2 and V3 exhibited comparable RWC levels across all CEs. However, at maturity, all varieties, except V4, showcased their best RWC
performance at CE3, with CE1 consistently displaying the lowest RWC levels among all varieties.

RWC serves as a crucial indicator of plant water status due to its direct correlation with cell volume and the balance between water absorption
and transpiration. Osmoregulation plays a pivotal role in maintaining cell turgor pressure, ensuring normal water absorption and metabolic
processes [33]. Reduced RWC levels can lead to diminished plant vigour, as observed in various plant species [34]. Studies have indicated
that RWC serves as an index for assessing stress intensity, with higher RWC content contributing to enhanced drought resistance in crops
like wheat [35, 36]. Additionally, water deficit conditions may lead to damage to cellular components such as polyribosomes, resulting in
protein breakdown [37]. Thus, maintaining optimal RWC levels is essential for sustaining high yields under drought stress conditions.

Table 3. Mean of Cropping Systems (CE) for all the studied physiological parameters at different growth stages.

Stages of observation At active tillering At 50% flowering At grain filling Total mean

CEs CE1 CE2 CE3 |CE1 CE2 CE3 |CE1 CE2 CE3 |CE1 CE2 CE3
Relative Water Content [%)] 77.34 8331 8459 | 84.23 88.12 89.71 | 70.10 76.84 78.02 | 77.22 82.76 84.11
Membrane Stability Index [%] 59.04 62.83 55.60 | 66.06 46.13 46.54 | 70.16 53.29 46.48 | 65.09 54.08 49.54
Chlorophyll a content [mg g* FM] 0.16 0.18 023 |262 271 276 |147 142 162 |141 144 154
Chlorophyll b content [mg g* FM] 0.10 0.09 0.10 1.00 1.16 096 |055 056 0.60 0.55 0.60 0.56
Total chlorophyll content [mg gt FM] 025 027 033 |362 387 372 |202 198 222 196 2.04 2.09

Here, FM is fresh mass of the sample.



3.2 Impact of different Cropping Systems on Membrane Stability Index in stress-
tolerant rice varieties

Table 3 indicates that CE1 demonstrated the highest MSI among most CEs, while CE3
showed the lowest. In Table 4, V5 consistently outperformed other varieties across different
growth stages. During the active tillering stage, MSI content was highest in CE2 among CEs
and in V1 among varieties. At the 50% flowering stage, V5 exhibited the highest MSI content
among varieties, while CE1 had the highest among CEs. Similarly, at maturity, CE1 had the
highest MSI content among CEs, and V5 among varieties. Notably, CE1 displayed higher MSI
content in the last two growth stages. Tyagi et al. [38] emphasized the significant role of MSI
in rice drought tolerance. Sairam et al. [39] associated membrane stability with water and high-
temperature stress tolerance in various crops. Several studies have shown a direct correlation
between MSI and field performance under high-temperature stress [40].

Table 4. Mean of stress-tolerant rice varieties (V) for all the studied physiological
parameters at different growth stages.

Stages of Variat R\(/avlztt;e Memb.rf';me Chlorophyll | Chlorophyll chlt-)r?otglhyll
observation arieties Content Stability a cor];[ent b cor?ltent content

[%] Index [%] | [mg g* FM] | [mg g* FM] [mg g FM]
V1 73.27 63.27 0.20 0.10 0.30
] V2 81.29 62.04 0.15 0.10 0.25
'?;Ellztr:it%e V3 88.40 57.44 0.22 0.10 0.32
V4 89.55 60.50 0.17 0.08 0.25
V5 76.20 52.54 0.19 0.11 0.30
V1 88.68 50.65 2.68 0.98 3.66
At 50% V2 84.96 47.66 2.88 1.14 4.01
flowering V3 90.27 50.73 2.75 1.06 3.81
V4 84.95 53.30 2.65 1.10 3.75
V5 87.88 62.20 2.54 0.92 3.46
V1 72.13 49.81 1.38 0.53 191
} V2 71.69 51.54 1.76 0.69 2.45
A;”?i;ag;” V3 87.15 58.29 1.69 0.66 2.35
V4 69.79 56.84 1.25 0.41 1.67
V5 74.18 66.74 1.42 0.55 1.97
V1 78.03 54.58 1.42 0.54 1.96
V2 79.31 53.75 1.60 0.64 2.24
Total mean V3 88.61 55.49 1.55 0.61 2.16
V4 81.43 56.88 1.36 0.53 1.89
V5 79.42 60.49 1.38 0.52 1.91




3.3 Impact of different Cropping Systems on Chlorophyll content in stress-
tolerant rice varieties

CE3 demonstrated the highest Chlorophyll a content among almost all the CEs, whereas CE1
exhibited the lowest [Table 3]. V2 consistently outperformed other varieties across various
growth stages [Table 4]. At the active tillering stage, CE3 had the highest chlorophyll a content,
while V3 stood out among varieties. At CE2, all varieties except V2 performed equally well.
Among CEs, the highest chlorophyll a content was observed in V1 and V3 at CE1, and V3 at
CE3. Conversely, significantly low chlorophyll a content was found in variety V2 and V4 at
CE1 and V4 at CE3. At the 50% flowering stage, CE3 and V2 exhibited the highest chlorophyll
a content among Cropping Systems. Similarly, at the grain filling stage, the highest chlorophyll
a content was observed in CE3 and V2.

Table 3 indicates that CE2 displayed the highest chlorophyll ‘b’ content among nearly all the
CEs, while CE1 showed the lowest. In Table 4, it is evident that V2 consistently outperformed
other varieties across various growth stages. At the active tillering stage, CE3 and V5 had the
highest chlorophyll b content. During the 50% flowering stage, CE2 and V2 had the highest
chlorophyll b content among CEs. Similarly, at the grain filling stage, CE3 and V2 exhibited
the highest chlorophyll b content.

Table 3 illustrates that CE3 showed the highest total chlorophyll content among almost all the
CEs, while CE1 displayed the lowest. In Table 4, V2 consistently outperformed other varieties
across various growth stages. At the active tillering stage, CE3 had the highest total
chlorophyll content, while among varieties, V3 had the highest. At the 50% flowering stage,
CE2 had the highest total chlorophyll content among CEs, whereas V2 showed the highest
among varieties. At the grain filling stage, V2 exhibited the highest total chlorophyll content
among varieties, while CE3 had the highest among CEs. However, V4 at CE1 and V1 and V4
at CE2, as well as V5 at CE3, showed significantly low total chlorophyll content.

Research by Kura-Hotta et al. [41] on rice seedlings suggested that low chlorophyll content
leads to the inactivation of photosynthesis. Moreover, increased resistance to various stresses
is commonly observed with an increase in chlorophyll content in plants [42]. In a study by lhsan
et al. [43] on wheat, findings revealed that chlorophyll contents in the FIRB method were
significantly greater than in DSR planting, potentially due to higher nitrogen uptake under the
furrow-irrigated raised bed method. Another reason for increased chlorophyll content could be
better sunlight absorption under the FIRB method. The difference in chlorophyll content
between DSR planting and the FIRB method was more significant at later growth stages.
According to Fahong et al. [44], the longer the duration of greenness of leaves due to higher
chlorophyll content, the longer the rate of grain filling and consequently, the higher the yield.

4. CONCLUSION

The study demonstrated significant effects of different cropping systems like conventional
puddled transplanting, DSR and FIRB on physiological parameters like RWC, MSI and
chlorophyll content in five stress-tolerant rice varieties. Our findings reveal significant
variations in RWC, MSI, and chlorophyll content across different growth stages and crop



establishment methods. Both CE and V exerted significant variations, along with their
interaction, on the studied traits. Notably, FIRB method consistently exhibited superior
performance in RWC and chlorophyll content, indicating its potential in promoting water
retention and photosynthetic efficiency. Among five STRVs, Sukha Dhan 5 (V3) showed
highest RWC, which emphasizes its critical role in maintaining plant water status and stress
tolerance, with implications for drought mitigation strategies. Additionally, Sarjoo 52 (V5)
outperformed in the MSI which serves as a valuable indicator of plant resilience under
environmental stressors, resulting in yield stability. Furthermore, DRR 44 (V2) showed best
chlorophyll content which elucidates its pivotal role in photosynthesis and stress response
mechanisms. The significant disparities in chlorophyll content between different cropping
systems underscore the importance of optimizing cultivation practices to maximize
photosynthetic efficiency and yield potential. Overall, our research contributes valuable
insights into the complex interplay between crop establishment methods, physiological traits,
and stress tolerance in rice cultivation. By elucidating the specific advantages and limitations
of alternative cultivation techniques such as DSR and FIRB methods, we aim to inform
sustainable agricultural practices and enhance food security in the face of evolving
environmental challenges.

REFERENCES

1. IRRI. Rice almanac: source book for the most important economic activity on earth.
CABI, Wallingford. 2002.

2. Wilson RA, Talbot NJ. Under pressure: investigating the biology of plant infection by
Magnaporthe oryzae. Nat Rev Microbiol. 2009;7(3):185.

3. FAOSTAT. FAO Statistical databases. Food and Agriculture Organization (FAO) of
the United Nations, Rome. 2017. Available from: www.fao.org.

4. Mahajan G, Kumar V, Chauhan BS. Rice production in India. Rice production
worldwide. 2017:53-91.

5. Mabbayad BB, Obordo RA. Transplanting rice vs direct seeding. World Farming.
1971;13:6-7.

6. Farooq M, Kobayashi N, Ito O, Wahid A, Serraj R. Broader leaves result in better
performance of indica rice under drought stress. J Plant Physiol. 2010;167(13):1066-
1075.

7. Purseglove JW. Tropical Crops: Monocotyledons Volumes 1 and 2 Combined. 1972.

8. Kumar A, Dixit S, Ram T, Yadaw RB, Mishra KK, Mandal NP. Breeding high-yielding
drought-tolerant rice: genetic variations and conventional and molecular approaches.
J Exp Bot. 2014;65(21):6265-6278.

9. Dong WZ, Ji MR, Yuan DM, Mao WQ. 750 kg Yield target techniques by non-flooding
irrigation and direct-sowing cultivation. China Rice. 2005;3:33.

10. Kato Y, Katsura K. Rice adaptation to aerobic soils: physiological considerations and
implications for agronomy. Plant Prod Sci. 2014;17(1):1-12.

11. Bajpai RK, Tripathi RP. Evaluation of non-puddling under shallow water tables and
alternative tillage methods on soil and crop parameters in a rice—wheat system in Uttar
Pradesh. Soil and Tillage Research. 2000;55(1-2):99-106.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Wang Q, Bai Y, Gao H, He J, Chen H, Chesney RC, Kuhn NJ, Li H. Soil chemical
properties and microbial biomass after 16 years of no-tillage farming on the Loess
Plateau, China. Geoderma. 2008 Apr 15;144(3-4):502-8.

Xiaoguang Y, Huagi W, Zhimin W, Junfang Z, Bin C, Bouman BAM. Yield of aerobic
rice (Han Dao) under different water regimes in North China. 2002:155.

Tuong TP, Bouman BAM. Rice production in water-scarce environments. In: Water
productivity in agriculture: Limits and Opportunities for Improvement. 2003:1-42.

Flessa H, Fischer WR. Plant-induced changes in the redox potentials of rice
rhizospheres. Plant Soil. 1992;143(1):55-60.

Patrick WH, Mikkelsen DS, Wells BR. Plant nutrient behavior in flooded soil. Fertilizer
technology and use. 1985;197-228.

Meissle M, Mouron P, Musa T, Bigler F, Pons X, Vasileiadis VP, Dorner Z. Pests,
pesticide use and alternative options in European maize production: current status
and future prospects. J Appl Entomol. 2010;134(5):357-375.

Singh G, Kumar D, Marwaha TS, Singh AK. Influence of tillage, water regimes and
integrated nitrogen management practices on soil quality indices in rice (Oryza sativa
L.) in the Indo-Gangetic plains. Archives of Agronomy and Soil Science.
2009;55(4):439-50.

Coventry DR, Poswal RS, Yadav A, Riar AS, Zhou Y, Kumar A, Gupta RK. A
comparison of farming practices and performance for wheat production in Haryana,
India. Agric Syst. 2015;137:139-153.

Hossain MF, Salam MA, Ruddin M, Pervez Z, Sarkar MAR. A comparative study of
direct seeding versus transplanting method on the yield of AUS rice. Pakistan J Agron.
2002;1(2-3):86-88.

Naresh RK, Singh B, Bansal Sangita MS, Rathi RC, Singh KV. Raised bed controlled
traffic farming for sustainability of vegetable crop production for improving livelihood
of Western Indo-Gangetic Plains farmers. In: Zonal seminar on physiological and
molecular interventions for yield and quality improvement in crop plants. 2010:102-
115.

Singh A, Kang JS, Kaur M, & Goyal A. Irrigation scheduling in zero-till and bed-planted
wheat (Triticum aestivum L.). Indian Journal of Soil Conservation. 2010;38(3):194-
198.

Begum FA, Paul NK. Influence of soil moisture on growth, water use and vyield of
mustard. J Agron Crop Sci. 1993;170(2):136-141.

Husnjak S, Filipovic D, Kosutic S. Influence of different tillage systems on soil physical
properties and crop yield. Rostlinna vyroba. 2002;48(6):249-254.

Gill MS, Jat ML. Role of tillage and other agronomic practices in enhancing water use
efficiency. In: 10th inter regional conference on water and environment held at New
Delhi during. October 2007:17-20.

Meisner CA. Wheat production and grower practices in the Yaqui Valley, Sonora,
Mexico (Vol. 6). CIMMYT. 1992.

Hobbs PR, Sayre K, Gupta R. The role of conservation agriculture in sustainable
agriculture. Philos Trans R Soc B Biol Sci. 2007;363(1491):543-555.



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Dhillon SS, Prashar A, Thaman S. Studies on bed planted wheat (Triticum aestivum
L.) under different nitrogen levels and tillage methods. Environment & Agriculture.
2005:92.

Weatherley PE. A convenient volumenometer for biological work. Journal of
Experimental Botany. 1950:244-8.

Sairam RK. Effect of moisture-stress on physiological activities of two contrasting
wheat genotypes. 1994,

Hiscox JD, Israelstam GF. A method for the extraction of chlorophyll from leaf tissue
without maceration. Canadian journal of botany. 1979;57(12):1332-4.

Arnon DI. Copper enzymes in isolated chloroplasts. Polyphenoloxidase in Beta
vulgaris. Plant physiology. 1949;24(1):1.

Gunasekera D, Berkowitz GA. Heterogenous stomatal closure in response to leaf
water deficits is not a universal phenomenon. Plant Physiology. 1992;98(2):660-5.

Liu F, Stutzel H. Leaf water relations of vegetable amaranth (Amaranthus spp.) in
response to soil drying. European Journal of Agronomy. 2002;16(2):137-50.

Schonfeld MA, Johnson RC, Carver BF, Mornhinweg DW. Water relations in winter
wheat as drought resistance indicators. Crop Science. 1988;(3):526-31.

Larkunthod P, Nounjan N, Siangliw JL, Toojinda T, Sanitchon J, Jongdee B,
Theerakulpisut P. Physiological responses under drought stress of improved drought-
tolerant rice lines and their parents. Notulae Botanicae Horti Agrobotanici Cluj-
Napoca. 2018 Mar 28;46(2):679-87.

Sikuku PA, Netondo GW, Musyimi DM, Onyango JC. Effects of water deficit on days
to maturity and yield of three NERICA rainfed rice varieties.2010.

Tyagi A, Santha IM, Mehta SL. Effect of water stress on proline content and transcript
levels in Lathyrus sativus.1999.

Sairam RK, Shukla DS, Saxena DC. Stress induced injury and antioxidant enzymes
in relation to drought tolerance in wheat genotypes. Biologia plantarum. 1997;40:357-
64.

Fokar M, Blum A, Nguyen HT. Heat tolerance in spring wheat. Il. Grain filling.
Euphytica. 1998;104:9-15.

Kura-Hotta M, Satoh K, Katoh S. Relationship between photosynthesis and
chlorophyll content during leaf senescence of rice seedlings. Plant and Cell
Physiology. 1987;28(7):1321-9.

Levitt J. Responses of Plants to Environmental Stress, Volume 1: Chilling, Freezing,
and High Temperature Stresses. Academic Press.; 1980.

lhsan MZ, El-Nakhlawy FS, Ismail SM, Fahad S, Daur |. Wheat phenological
development and growth studies as affected by drought and late season high
temperature stress under arid environment. Frontiers in Plant Science. 2016;7:795.

Fahong W, Xuging W, Sayre K. Comparison of conventional, flood irrigated, flat
planting with furrow irrigated, raised bed planting for winter wheat in China. Field
Crops Research. 2004;87(1):35-42.



