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ABSTRACT 

Effect of soil moisture on ~rowth, yield and water use of two 
mustard (Brassica Juncea L.) cultivars (Sambal and Daulat) was 
studied. The two moisture levels were irrigation at every 10 days 
intervals and rainfed control. 

Total dry matter (TDM), leaf area index (LAI) and leaf area 
<iuration (LAD) were siirnif.icantly higher in the irrigated plant.~ 
than that of the rainfed plants. The increase of TDM production wns 
!=dow at the early vegetative phases but increased rapidly with I.hf' 
Advancement of the growth period. StnrLin~ from 1-1. lowe"r vnl11", LAI 
and LAD reached a peak and then declined gradually. 

Among the growth attributes, relative growth rate (RGR), leaf 
area ratio (LAR), relative leaf growth rate (RLGR) and leaf weight 
ratio declined throughout with the increasing time and plant 
weight. Specific leaf area (SLA) showed no clear pattern but crop 
growth rate ( CGR) increased slightly with fluctuations . Net 
assimilation rate (NARI increased at the later stages of growl.h . 
Sign if i.can t ly higher CGR, LAR, SLA and LWR we re found j n t.l1P 

irrigated plants of both the cultivars than that of the rainfed 
plants. 

Simple correlation coefficients indicated that in the irriga­
ted plants, seed yield was positively correlated with the pre­
flowering LAI and CGR and the post-flowering NAR. In the rainfed 
plants,seed yield was positively correlated with LAI and CGR at the 
post-flowering stage and negatively correlated with the post­
flowering NAR and the pre-flowering LAR. 

Percentage of dry matter (DM) accumulation for stem and 
petiole was lower at the early stages, at the middle stages it 
increased to a peak and .then ~radually decreased with time. 
Percentage of DM accumulation in the leaves was found highest at 
the i~itial stage and ~radully decreased with time and ultimately 
it became zero.Dry matter partitionin~ for pods gradually increased 
with plant a~e. No clear effect of soil moisture on partitioning of 
dry matter was found. 

At the flower.in~ stage, the irrigated plants had significant­
ly hi~her relative leaf water content (RLWC)than the rainfed plants 
at 8 A.M. in both the cul.tivars. At the mid-pod fillin-'( sta~e, the 
irri~ated plants had significantly higher RLWC at 8 A.M. and 4 P.M. 
than the rainfed plants of Sambal. The highest RLWC was observed at 
8 A.M., but at the midday it decreased and later part of the dny 
it jncreased gradually. 
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Soil moisture had no significant effect on chlorophyll a,h 
Rnd total chlorophyll. Praline and sugar contents of leaves were 
significantly higher in the rainfed plants than that of the irriga­
ted plants at both the flowering and mid-pod filling sta~es. 
Accumulation of praline and sugar was hi~her at the mid-pod fill inJ;( 
stage than the flowering stage. 

Time taken to stomata! closure and total transpiration rate 
at the flowering staRe were si~nificantly higher in the irrigated 
plants. The number of epidermal cells was significantly lower and 
stomatal index was significantly higher in the irrigated plantR on 
t. he adA.x ial surface of leaves. Leaf thickness was sign if icant.l. y 
higher in the irrigated plants than that of the rainfed plRntR.MPRn 
c ross-sectionnl arens of pal. isRdP o.nd Rpon~y p11rP.nchymn ,·rl I~ wrr-r 

unaffected by soil moisture. 

Plant height at first flowering and duration of flowerin~ 
were significantly higher in the irrigated plants. Irrigated plants 
hRd always higher number of flowers than the rainfed plants. No 
significant effect of soil moisture was found on pod abortion. Soi I 
moisture had little effect on seed growth of both the cttltivarR. 

Significantly higher plant hei~ht, len~th of main axis,number 
of pods/plant, nurnb_er of seeds/pod, pod weight/plant, 1000-seed 
weight and seed yield were found in the irrigated plants than that 
of the rainfed plants. In the irrigated condition, Daulat yielded 
more seeds than Sambal but in the rainfed condition it yielded 
less, thouRh the differences were not significant. The irrigated 
plants had significantly higher consumptive water use and lower 
wRter use efficiency than the rainfed plants. 

Simple correlation coefficients indicated that seed yield in 
the irrigated plants was positively correlated with the number of 
pods/plant, pod weight/plant, number of seeds/pod and h~rvest 
index, whereas in the rainfed plants it was related positively with 
plant height, number of pods on main axis, number of pods/ plant, 
pod weight/plant and harvest index. Oil content of the rainfed 
seeds was positively correlated with the number of seeds/pod and 
negatively with plant height and number of pods on main axis. 

Effect of soi.l moisture stress at differnt stages of growth 
of two mustard cultivars (Sambal and Daulat) was studied. The five 
treatments were rainfed control (T0 ), pre-flowering stress (T1 ), 
flowering to mid-pod filling stress (T2), post mid-pod fill 1n~ 
stress ( T3 l and uniformly j rr i gation throughout the growing season 
CT4). The treatments T1 , T2, T3 and T4 of Sambal received 50,70,50 
and 80 mm of irrigation water, respectively. The corresponding 
values of Daulat were 40, 40, 50 and 70 mm. 
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The h i.E(hest reduction of total dry matter ( TDM) was found in 
continuously stressed (T0) plants. TDM production was greatly 
reduced when soil moisture stress was imposed during pre-flowerin~ 
(T1) ~n? flower_in~ to p~d filli~g (_T2) stages. It was not affected 
si~n1f1cantly 1n post mid-pod f1ll1n~ stress (T3). No significant 
effect of soil moisture stress on partitioning of dry matter was 
found. 

The severest effect was found in continuous soil moisture 
stress (T0) for seed yield and most of the yield components. Seed 
yield and almost all the yield components were highly reduced when 
moisture stress was imposed during the pre-flowering (T1) and the 
f]owering to pod filling (T2 ) stages. Soil moisture stress at I.he 
post mid-pod filling sta~e had no significant effect on yield Rnd 
its components. 
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GENERAL INTRODUCTION 

Mustard ( Brassies juneea L.) is a crop of increasing importance in 

Ban~ladesh as its utilization for both the edible oil content and the protein 

content of the meal. Brassies oil is also used as lighting and hair oil in rural 

areas. A small fraction of oil cake is used for manuring. Oil-seed BrassicR iR 

cultivated in about 3, 18, 000 hectares in Bangladesh (Anon., 1990), which iR 

ahout 64% of the land planted for oil seeds ( Kaul and Das, 1986 ). Mustard is 

cultivated in about 25% of the total area in which Brassies is grown (Rahman, 

1978) and the avera~e yield iA about 698 kg/ha (Anon., 1990). 

Like any other crops, growth and yield of mustard is under the control 

of environmental factors. In a strict sense mustard is an irrigated crop 

{Andrews, 1972} since seed yield is greatly increased by the presence of adequate 

soil moisture (Banerjee et al., 1967; Bhan, 1979; Jain and Jain, 1979; Reddy and 

Sinha, 1979; Joarder et al., 1979; Bajpai et al., 1981). Oil content and oil 

yield in mustard are increased with soil moisture treatment (Banerjee et Rl,, 

1967; Bhati and Rathor, 1982; Chaniara and Damor, 1982). However, it is widely 

cultivated in the winter under rainfed conditions in Bangladesh. Average 

potential evapotranspiration during the growing period (November to February) of 

mustard was estimated to be 106.33 mm, whereas mean rainfall during that period 

was 12.28 mm (Manalo,1975), therefore a moisture stress of 94.05 mm occurred. 

Thus, erratic and limited rainfall seriously limits production of mustard in 

Bangladesh. 

There are many physiological processes that are modified by water stress 

and that may contribute to loss of productivity (Thurling, 1974; Richards and 
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Thurling, 1978 a, b, c; Clarke and Simpson, 1978 a, b, c; Reddy and Sinha, 1987) . 

As mustard is grown under areas relaying on moisture stored in the soil to 

support the crop, an improved understanding of crop responses to water stress 

would be helpful to manipulate higher yield. 

Since rainfall during the winter season is inadequate and uncertain, 

musb\rd requires supplemental water for its proper growth and development, 

otherwise, water stress is likPly to develop and reduce crop yieldR. ThP yiPlrl 

reduct ion does not only depend on the 11agni tude and duration of water stress but. 

also on the stages of growth and development of plants. All stages of growth are 

not equally sensitive to moisture stress. Hence, it is essential to determine the 

specific stages of growth to soil moisture stress for proper irrigAtion 

s~herl11]ing in orrler to opl. imi:r.P crop production under limited water reso11rcPs 

condition. The following two experiments were conducted in the present 

investigation: 

Experiment 1. Effect of soil moisture on morphophysiological characters and 

yield of mustard (Brassica ,juncea L. ). 

Experiment 2. Effect of soil moisture stress at specific stages of growth 

on dry matter production and yield of mustard (Brassies juncea L.). 
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REVIEW OF LITERATURE 

Maini, Sandhu and Johal (1964) reported that one post-sowin~ 

irri~ation gave high response both in seed yield and dry matter 

production of Toria. While two irrigations did not add much further 

to crop production. One post-sowing irrigation, as in the case of 

seed yield, registered marked increases in the growth of the plant 

while two irrigations appeared to be superfluous except that plant 

heiMht continued to increase still further, highlighting the 

i11fluence of water on extension growth. Under such conditions the 

number of primary and secondary branches suffered a setback 

possibly on account of development of the individual branch. 

Banerjee, Das and Bhattacharjee (1967) studied the irrigation 

effect on yield and oil content of Toria and its economics. On the 

basis of seed yield; the differences in number of irrigation were 

si~nificant. On an average, two irrigations yielded the highest 

(741 kg/ha) with 49% increased yield over the control (no 

irrigation). One irrigation stood second (651 kg/ha) with 31% 

increased yield over the control. There was a fall off in the 

response with three irrigations and the increased yield was only 

19% over the control. The yield of control plot was very poor and 

yielded on an average 497 kg/ha, There was a slight increase in oil 

content up to one irrigation. The oil content declined a little 

with increasing number of irrigations. 

Interrelationships between various yield components and yield 

of yellow sarson under conditions of soil drought were studied by 

Nathawat, Jain, Bagrecha and Bharli(ava (1969). A negntive 
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correlation between primary and secondary branches was found. The 

number of pods/plant was positively correlated with primary 

branches. Primary branches were negatively correlated with yield. 

The number of pods/plant increased the yield significantly. 

Denna (1970) carried out an investigation on transpiration 

nnd the waxy bloom in Brassica oleracea. The stomata} and cuticular 

transpjration rates and quantity of wax per unit area of 1,-nf 

surface were determined for seven glaucous and non-glaucous sibling 

lines. There were no statistically significant differences in the 

stomata! transpiration rates of glaucous and non-glaucous lines, 

but there were hi~hly statistically si~nificant differences between 

the two classes of lines in terms of cut icu.l ar transpiration. 

Rubbing the surfaces of leaves to remove lightly adhering wax 

r.lepos its, such as the waxy bloom, s igni f icantl y increased the 

cuticular but not the stomata! transpiration rates of both glaucous 

and non-1:{laucous plants. There was no appreciable correlation 

between the quantity of wax per unit leaf area and the loss of 

water through cuticular transpiration among either the glaucous or 

non-glaucous lines. It was concluded that the function of cuticular 

waxes in limiting cuticular transpiration is a product of the 

architecture of the quantity of wax per unit area of leaf surface. 

The effect of irrigation, plant population and fertilizer was 

studied with 3 levels of each factor on yield and quality of Indian 

rape by Wankhede, Ah lawat and Sahni ( 1970). They observed that 

under 3 irrigations the ~rowth and fruiting capacity of the plants 
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increased further with 4 irrigations, whereas under 4 irrigations 

the branches/plant were reduced and the number of capsules/plant 

was also fewer. Three irrigations were optimum and gave about 6% 

higher seed yield than 2 and 4 irrigations. Irrigation had no 

si~nificant effect on oil content. However, with 4 irrigations 

sli~htly hi~her percentage of oil was obtained. 

Response of mustard t.o varyini;1; irrii;1;ation lPvPlA, ApAcing s:tnd 

fertilizer application was studied by Singh and Tomar (1971). They 

found that there was definite increase in yield due to application 

of irrigations over control. During 1969-70, a significant response 

to irriga tion levels was recorded. Highest seed yield was recorded 

where irrigation was applied at every 40 days which waR 

significantly superior over all others. Second best production was 

recorded with irrigation given at every 55 days followed by that 

~iven every 25 days. Lowest yield was recorded for control plots 

where no irri~ation was ~iven. 

Irrigation requirement of raya and effect of irrigation 

applied at different growth stages in combination with three levels 

of nitrogen was studied by Mathur and Tomar (1972). Irrigation 

increased raya yield significantly. Irrigation at the pre-flowering 

stage was found to be the most beneficial. Two irrigations, first 

at the pre-flowering (40 to 45 days) and the second at the post­

flowering (80 to 85 days) stages were recommended. The irrigation 

requirement of raya crop was to be around 32 cm which may be 
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applied throu~h heavy pre-sowing and two post-~owing irrigations at 

the aforesaid stages. 

Free proline accumulation was measured by Waldren and Teare 

( 1974) in leaves of intact sorghum and soybean grown in growth 

chambers and subjected to normal drought stress. Stomata! diffusive 

resistance and leaf water potential were used to determine the 

rlegree of stress at the time of proline annlyRis. Free pro I ine did 

not accumulate markedly in either species until each was severely 

stressed, indicating that proline is not a sensitive indicator of 

drought stress. Free prol i ne accumulated under less stress in 

soybean than in sor~hum. Since soybean is less drought resistant. 

1.han sor~hum, prol ine accumulation may be indj ca tor of drough t. 

resistance or susceptibility. 

A field experiment was conducted by Kro~man and Hobbs (1975) 

on yield and morpholo~ical responses of rape to irrigation and 

fertilizer treatments. Rape was grown for 3 years under four levels 

of irrigation. Irri~ation produced more than double yield by 

promoting Q;reater plant growth, more pods, more seeds/pod and 

larger seeds than where irrigation was not applied . Maximum yield 

(about 3000 kg/ha) was obtained where irrigation maintained soil 

moisture in the upper half of the available range until pod 

ripening. Oil content was increased by irrigation 

increased oil yield from 368 to 986 kg/ha. 

irrigation 

Blum and Ebercon ( 1976) explored a possible association 
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between free praline accumulation in water-stressed leaves and the 

drou~ht resistance of various grain sorghum cul ti vars, Ei~ht 

sor~hum cultivars were grown in a growth chamber under a drying 

cycle and a subsequent recovery phase. Free praline, free ammonia, 

dark respiration rates and recovery rating were recorded, as well 

as desiccation tolerance of each cultivar when grown in the field. 

Praline accumulation was initiated in leaves of all cultivars as 

leaf wate~ potential was reduced to -14 to -16 bars. Upon waterin~, 

free pro 1 ine content was reduced abrupt! y, Cul ti vars differed 

si~nificantly in maximum free praline accumulation. Free praline 

accumulation during water stress was correlated si~nificantly with 

post-stress recovery ratinR, It was suRRested that accumulated fre~ 

prol :i ne in water-stresse d sor~hum leaves was related to the abi .I i t. y 

of cultivar to recover upon the relief of stress, possibly by way 

of praline's role as a source of respiratory energy in the 

recovering plant, 

Clarke and Simpson (1978a) carried out an experiment to study 

the growth analysis of Brassica napus cv, Tower. The experiment was 

conducted in the field for two years under conditions with four 

planting densities and three water regimes. They noted that non­

irrigated conditions ca.used a r;{reater proportion of dry matter 

production to occur before flowering than after flowering, while 

the reverse occurred under irri~ated conditions. Irrigation 

increased leaf area index (LAI). Maximum LAI occurred near the 

start of f.lowerini;( and then declined rapidly, Maximum LAI was 

correlated with seed yield. Mean net assimilation rate (NAR) and 
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mean crop growth rate (CGR) were influenced by irrigation. There 

was an increase in NAR during the ripening phase, suggesting 

increased photosynthetic efficiency. No evidence of a distinct 

optimum leaf area index was found. 

Clarke and Simpson (1978b) studied the effect of irrigation 

and see~in~ rates on yield components of Brassies napus cv. Tower. 

The experiment was carried out in the field for two years under 

conditions of four planting densities and three water regimes. The 

number of branches/plant was scarcely affected by irrigation. The 

number of pods/plant was incresed by increased irrigation. The 

number of seeds/pod and 1000-seed wei~ht also increased by 

irrigation. Yield was positively correlated with 1000-seed weight 

in both years. Yield component coml)ensation was evident in the 

relationship of 1000-seed weight to pod number and number of 

seeds/pod. 

Clarke and Simpson ( 1978c) reported that leaf osmotic 

potential was an indicator of crop water deficit and irrigation 

need in rapeseed. Leaf osmotic potential (L t
0

) of field-grown 

rapeseed was measured under rainfed conditions and at two levels of 

irrigation. Seed yield of irri~ated B. napus was substantially 

hi~her than that of the rainfed crop in both years. In 1975, the 

increase in yield of the low and high irrigation treatments were 89 

and 213%, respectively. The corresponding increases for 1976 were 

59 and 128%. Within year, seed yields of the three water regimes 

were si~nificatly different. 



REVIEW OF LITERATURE 9 

Henry and MacDonald (1978) conducted an experiment to study 

the effect of soil and fertilizer nitrogen and moisture stress on 

yield, oil and protein contents of rape. They observed that yield 

and oil content increased with irrigation treatment •. 

Richards (1978) studied the genetic variatin in physiological 

and physicochemical parameters associated with drought resistance 

between cultivars in Brassica napus and B. campestris. S.ignif.ic,rnt. 

variation in praline accumulation, chlorophyll stability, 

~ermination rate and percentage, relative turgidity, growth rates 

and water use efficiency were found in plants grown under droughted 

conditions. 

Richards and Thurling ( 1978a) investigated the variation 

between and within species of rape seed (Brassica campestris and 

B. napus) in response to drought stress. They observed a highly 

si~nificant variation between cultivars in B. campestris for every 

parameters except straw weight. In B. napus, the yield components, 

pods/plant, pods/main axis, branches/plant and seeds/pod were all 

significantly reduced by drought. Thousand-seed weight wa8 

significantly affected by drought only in the late-flowering 

cultivars. With the exception of 1000-seed weight, yield component 

means in the treatment imposed from the commencement of pod-filling 

were sign if i.cantly higher than those in the stem elongation or 

flowering treatments. Differences between means of the two lattPr 

treatments were not significant, which suggested that the plants 

-.. 
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WP.re more sensitive to drought at flowering than at stem 

P.longation. 

Bhan (1979) studied the effect of soil moisture and nitrogen 

on mustard under Gangetic alluvium of Uttar Pradesh. Two varieties 

viz., Varuna and Appressed mutant, 4 soil moisture regimes and 4 

levels of nitro~en showed profound variation in different growth 

nnd yield ·attributes. Varuna was found significantly superior to 

Appressed mutant in yield and yield contributing characters like 

Riliquae/plant, length of siliqua and 1000-seed weight. Seed yield 

obtained with irrigation 75% available soil moisture depletion 

(ASMD) was found at par with irrigation after 60% ASMD and 

Rignificantly superior to irrigation after 90% ASMD and unirrigated 

(control) plots. Plant height, .secondary branches, siliquae/plant 

and 1000-seed weight were also improved significantly due to 

irri~ation. The interactions of variety and irrigation showed a 

si~nificant effect on seed yield indicating great responsiveness of 

VRruna to irrigation. 

The response of Indian mustard to levels of irrigation and 

fertility in light-textured soil of Rajsthan was studied by Jain 

and Jain ( 1979). They observed an increase in yield with an 

increase in the irrigation over minimum level, but the differences 

wP.re not si~nificant. The overall avera~e yield of 1893 kg/ha was 

with 3 irrigations. A further increase in irrigation gave an 

additional yield of only 100 k~/ha. 
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Joarder, Paul and Ghose (1979) conducted an investigation on 

the effect of irrigation and fertilizer on mustard. Three cultivars 

of mustard were grown on field plots with five levels of 

fertilizers and with or without irrigation. Irrigation gave 59% 

more seed yield than no irrigation. Higher seed yield in the 

irrigated plots were accompanied by increased pods/plant, seeds/pod 

and number of primary and secondary branches. The most significant 

increase ·(83%) was noted in the number of seeds/pod produced hy 

late fl owe rs under irri~ation, whereas the increase for early­

formed pods was only 6%. Increase in more than 20% for primary and 

Recondary branches and pods/plant were also obtained with 

irrigation, but there were no significant differences in 1000-seed 

weight of early and late-flowered pods, though the seeds of 

irrigated plots were significantly heavier than the non-irrigated 

ones. Under irrigated conditions plants produced more primary and 

secondary branches, ;more late flowers produced seed-bearing pods 

and seeds grew slightly larger than without irrigation. 

Bhan, Balaraju and Vidya Ram (1980) carried out an experiment 

on water use, yield and quality of rape as influenced by spacing, 

irrigation and time of harvest. Tley found that irrigation had a 

pronounced effect on the seed yield and the characters contributing 

to it, like siliquae/plant, seeds/siliqua and 1000-seed weight. The 

maximum yield was obtained with two irrigations administered at 

flower initiation and pod development. With one irrigation, better 

result was obtained when it was ~iven at flower initiation than pod 

development. The yield was stepped up to 9.8 q/ha with irrigation 

ihJsbahi U~ivrrsity Libr~rf 
Doeun•e • 1• 1.1- , , ;;ccti,1n 
l)o,·u ,;,t'r:t N · J?. ... ,f..f ~_!, 
Ou1e ~ .-: .8.~. -~~ ... JJ-11'14 
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at flower initiation from a mere 5.13 q/ha unirrigated control. The 

oi L content in the seed was also highest (40.4%) with this 

treatment, which Rave a difference of 2% over the unirrigated plot. 

Ba,jpai, Singh and Chhipa ( 1981) studied the influence of 

sowin~ date and irrigation levels on growth and yield of mustard. 

The field study was conducted on 3 varieties, four sowing dates and 

1.hrPe jrri~at. i on levels. The ·effect of moisture regimes on I.hr 

yiPld was not found significant. But the plant height and number of 

p0<is/plant was influenced si~nificantly due to moisture regimes and 

l .l1e maximum hei~ht and number of pods were recorded at irrigation 

wRte r/cumulative pan evaporation (IW/CPE) ratio of 0.5 . 

Bha ti and Rathor ( 1982) · studied the response of Indian 

mustard to irrigation and nitrogen fertilizer. The treatment 

c onsisted of 3 levels of irrigation viz,, no irrigation (r 01 , one 

irrigation at flowering stage (11) and two irrigations, one at 

flowering and the other at seed setting stage (12). The experiment 

Rhowed that irrigation treatment did not affect the seed yield, oil 

r ontent and oi 1 yield significantly yet a consistent inc re as ing 

trend was observed. Except the number of siliquae/plant and stover 

yield, all other yield attributting characters also showed non­

si~nificant change due to irrigation, Studies on moisture depletion 

pattern from different soil depths and consumptive use indicate 

that the amount of water depleted from 0-15, 16-30 and 30-45 cm 

R0 il depth was 7.52, 5.43, 5.12; 10,01, 7.24, 6,60 and 11,64, 8.15, 

7. 09 cm in 10, r 1 and r2 treatments, respectively, The total 
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consumptive water use thus obtained with different levels of 

irriRation was of the order of 18.07, 23.85 and 26.88 cm under 1
0

, 

r 1 and 12 treatmetns, respectively. 

Chaniara and Damor (1982) carried out a field experiment to 

study the effect of irri~ation intervals and various levels of' 

nitro~en and phosphorus on the yield of mustard variety Varuna. ThP 

treatment consisted of 3 levels of irrigation, 3 levels of nitroRPn 

Rnd two levels of phosphorus. The experiment indicated that thP 

differences due to irrigation interval were significant in respect 

of number of siliquae/plant, weight of seeds/plant, seed yield Rnd 

oil yield/ha. The average seed yield realised by 3, 5 an<i 7 

irrigations during the crop ~rowth period at 35 1 25 and 15 days 

interval was 1686, 1893 and 1974 kg/ha, respectively. Maximum seed 

yield was recorded by ~iving 5 irrigations at 25 days interval. 

This may be attributed to higher number and weight of seeds/plant. 

Sin~h ( 1983) investigated the response of mustard and chickpea 

to soil moisture in soil profile and plant population on aridisols. 

He obseved that the mean se~d yield was 19.53 q/ha with high soil 

moisture and 13.66 q/ha with low soil moisture, the increase bein~ 

43% with soil moisture. An additional supply of 1 cm/1 m water i,1 

the soil profile gave 110.7 kg/ha greater mean seed yield of 

mustard. Seed yield of chickpea increased 23.3% with high soi.I 

moisture over low moisture. Harvest index in general incren~eci 

with the supply of moisture. In chickpea, high moisture gave 21.9% 
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more straw yield. The harvest index in chickpea increased with an 

increase in soil profile moisture. 

Khan and Agarwal ( 1986) worked on the effect of sowing 

methods, moisture stress and nitrogen levels on growth, yield 

components and seed yield of mustard. When compared with moisture 

Rtress on IW/CPE ratio of 0.4 enhanced all the growth and yield 

c;haracters ] ike plant height, branches/plant, dry mat Ler, 

siliquae/plant, seeds/siliqua, 1000-seed weight and seed yield and 

n ratio of 0.6 further increased plant height and dry matter. 

Mendel, Ray and Das~upta (1986) made an investigation on the 

effect of water used by wheat, chickpea and mustard grown as sole 

crop and intercrop. They reported that with increase in the number 

of irrigations, there was an increase in the accumulation of dry 

matter and leaf area index {LAI). The grain tield of wheat showed 

Rn increasin~ trend with the increase in the level of irrigation. 

Tn chickpea, the differences between 2, 3 and 4 irrigations were 

not very high, Likewise, the difference between 3 and 4 irrigations 

was less in mustard, 

Haque, Ahmed and Rahman (1987) worked on irrigation 

schedulin~ for optimum yield of M-248 (Brassies junces) ~nd M-12 

(Brassies csmpestris). Crops were grown in the field and in the 

lysimeter (M-248 only) to investigate the effect of irrigation at 

p~rticular sta~es of growth on the yield and water use efficiency. 

Significant increase in yield was found for most of the irri~ation 
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treatments compared with no irrigation. The yield increase was 

hi~hly significant for two irrigations, one at the early vegetative 

Rta~e and the other at the initial pod formation stage. The field 

and lysimetric results were almost identical in nature. The seed 

yield of 1103 and 1204 kg/ha was obtained for two irrigations in M-

12 and M-248, re spec ti v~ly and the correspoding values for no 

irri~ation were 269 and 416 kg/ha. 

Reddy and Sinha (1987) studied the effect of irrigation and 

NP fertilization on the yield of Indian mustard. They observed that 

irrigation at 0.6 IW/CPE and 0.3 IW/CPE produced 17.9 and 16.4 q/ha 

while the unirri~ated treatment gave 15 q/ha seed. Irrigation at 

o . 6 IW/CPE produced si~nificantly higher yield over no irri~ation, 

hut the difference in seed yield between 0.3 IW/CPE and 0.6 IW/CPE 

was not significant. Similarly, the difference in yield between 0.3 

IW/CPE over no irrigation treatment was also not signficant. It was 

the combined effect of increased number of siliquae/plant and 

number of seeds/siliqua which resulted in higher seed yield under 

irri.~ation. One irrigation at 0.3 IW/CPE, which coincided with 

siliqua formation sta~e, was found critical for moisture. 

Irrigation at this sta~e mainly i ncreased the siliqua size and seed 

size boostin~ total seed yield. 

A field experiment was conducted by Singh, Gupta and 

Moinbasha (1987) to study the effect of moisture needs of Indian 

mus tard-chickpea intercropping. They observed that with 1 and 2 

irri~ations, the grain yield of mustard increased by 4.19 and 4.93 
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q/ha over no irrigation in the first year and 3.41 and 4.46 g/ha in 

the second year. Further, the mustard yield with 2 irrigations was 

not significantly better than 1 irrigation. The plants utilized the 

maximum amount of water (213 and 230 mm) when they were irrigated 

twice instead of once (200.9 and 211.3 mm). Two irrigations caused 

15.4 and 52.4 mm (mean) more moisture use than 1 irrigation and no 

irri~ation, respectively. Moisture use efficiency increased with l 

irri~ation by 0.18 k~/mm/ha over 2 irri~ations and 0.57 kg/mm/hA 

over no irrigation. Thus, 1 ir~igation produced 8.61 kg grain/mm/ha 

a~ compared with 8.43 and 8.04 kg ~rain/mm/ha with 2 irrigations 

and no irrigation, respectively. 

Reddy, Sinha and Hed~e ( 1988) conducted field experiments 

during rabi seasons of 1983-84 and 1984-85 to study the effect of 

irrigation, nitrogen and phosphorus fertilization on consumptive 

water use, yield, water use efficiency and moisture extraction by 

mustard. Irrigation at O. 6 IW /CPE produced significantly higher 

seed yield (21.6 q/ha) over no irrigation (18.3 q/ha), but the 

differences between the treatments 0.3 IW/CPE and 0.6 IW/CPE or 0.3 

JW/CPE and no irrigation were not significant. Irrigation increased 

the number and size of the siliqua and seed yield per plant. 

Sarkar, Ahsan, Sarker and Hossain (1989) studied the effect 

of nitrogen and irrigation at different stages of growth of mustard 

variety Sambal. There were four levels of irrigation at (a) 

ve~etati.ve (25 DAS), (b) flowerin~ (45 DAS), (c) siliqua-filling 

st.a~e (65 DAS) and (d) rainfed control. They observed that the 



REVIEW OF LITERATURE 17 

plant height was increased due to irrigation but the same at 

different stages of crop growth did not influence the height 

si~nificantly. The plants irrigated at flowering stage produced the 

highest yield of seed. The stover yield was not significantly 

influenced by the irrigation at different stages of growth. The 

number of filled-siliquae/plant, the number of seeds/siliqua and 

1000-seed wei~ht increa~ed due to irrigation at various stages of 

~rowth. 

Sharma and Kumar (1989) conducted a field experiment to study 

the effect of irrigation on growth analysis, yield and water use in 

Tnrlian mustard. They found that LAI, CGR, RGR, NAR and RLGR were 

s i ~ni f icantl y hi~her under O. 6 irrigation depth/cumulative pan 

evaporation ratio than under rainfed codition. An increase in the 

frequency of irrigation ~ave more branches/plant, siliquae/plant, 

seeds/siliqua, 1000-seed weight and seed yield in both the years. 

The moisture use from the soil decreased by 53.3 and 75.8% under 

0. 4 and O. 6 i. rrigation depth/cumulative pan evaporation ratio 

compared with rainfed condition. 

A field experiment was conducted by Raja and Bishnoi (1990) 

to study root characters, evapdtranspiration, water use efficiency, 

moisture extraction pattern and plant water relations of rape 

~enotypes under varyin~ irrigation schedules. They obser~ed that 

increased irrigation frequency increased evapotranspiration but 

decreased water use efficinecy. The relative water content and 

osmotic potential of the leaves increased with more frequent 
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irrigation, but plant water retention capacity decreased. 

A field experiment was carried out by Sarker, Ahmed, Talukdar 

and Khan (1990) to study the influence of irrigation on the yield 

nnc:I water use of mustard mutant BINA-3. Irrigation treatments 

showed positive effect on the increase of yield of the mutant. The 

l1iRhest yield of 1.15 t/ha (11% hi~her over control) was obtained 

with one irrigation at the pre-floweri ni;t stage. Crop water IIAP. 

efficiency decreased with the increase of irrigation frequency. The 

results thus revealed that one irrigation at the pre-flowering 

RtaRe ( 35-40 DAS) was sufficient for obtaining the optimum yield of 

lhe mustard mutant. 



EXPERIMENT 1 

· EFFECT OF SOIL MOISTURE ON 

MORPHO-PHYSIOLOGICAL CHARACTERS 

AND YIELD OF MUSTARD( BRASS/CA JUNCEA L.) 



INTRODUCTION 

Seed yield of mustard is increased by the presence of adequate 

soil moisture ( Mathur and Tomar, 1972; Bajpai et al., 1981; Bhati 

and Rathor, 1982; Mandal et al., 1986; Reddy and Sinha, 1987). 

Water stress leads direct changes in the physical environment of 

the crop~, and these chan~es may subsequently affect crop 

physiology. As the soil drJes, the water potential decreasPs ~nrl s0 

does the soil hydraulic conductivity. Thus it is more difficult for 

f)lants to extract water and, as a consequence the plant water 

potential tends to decrease (Gardner, 1960). 

Water deficit in plants generally leads to reduced leaf water 

potential and stomata! closure, as manifested from an increased 

leaf resistance to transpiration. The effect of depletion and 

replenishment of soil water on transpiration are of specific 

importance to water use and its efficiency in crop production. The 

relative rates of absorption and transpiration determine plant's 

internal water balance, which directly affects the physiological 

and biochemical processes of plant growth ( Teare and Kanemasu, 

1972). Shortage of water in soil may cause a decrease in nutrient 

supply. Mobility of ions in the soil decreases as the soil dries 

and the ability of roots to take up some ions may als~ decrease 

(Dunhum and Nye, 1976). The consequent decrease in nutrient uptake 

may affect a wide range of physiological processes. 

Variation in dry matter accumulation and yield influenced by 



INTRODUCTION 20 

soil moisture may be related to factors, such as leaf area index 

(LAI), crop growth rate (CGR), net assimilation rate (NAR) and leaf 

area ratio (LAR). 

Crop plants accumulate free proline in their leaves when 

exposed to moderate to severe water stress (Palfi et al., 1973).The 

physiological si~nificance of this metabolic response to water is, 

however, contentious. Free sugars are also accumulated in th" 

stressed plants (Stewart, 1971; Narasimha Rao and Shiv Raj, 1985). 

lt is su~i;,;ested that proline and sugar accumulating potential could 

serve as an index of drought resistance. 

Stomata are recognized as the main site of transfer of water 

vapour and co2 between a plant and its environment ( Mil thorpe, 

1969). There are few reports which indicate that stomatal frequency 

of leaves is affected by soil moisture (Ciha and Brun, 1975; Nerkar 

et al., 1981 ), 

The main objective of the present experiment was to study the 

effect of soil moisture on crop growth, development, dry matter 

production and partitioning, crop water use and yield of mustard. 



MATERAIALS AND METHODS 

Two mustard (Brassies jencea L.) cultivars viz., Samba! and 

Da.ulat were used as the plant material for the experiment. 

The. experiment was carried out in the Botanical Research Field 

of RaJshahi University. The soil of the experimental field was 

Rilty loam havin~ a pH 7.5, low in organic carbon (0.44%), total N 

(0.43%) available P (15 ppm) and K (82 ppm) . The field capacity of 

the soil was 35%. The field was prepared after repeated ploughing. 

Before sowing, a basal dose of nitrogen ( 60 kg/ha), phosphate 

( 30kg/ha) and potash ( 30 kg/ha) were added. The experiment was 

Rrranged in a. split plot design with three replications. Afte r 

preparation of the field it was divided into two main plots. The 

main plots were treated as treatment plots. Each main plot was 

a~ain subdivided into three replications. Each replication 

comprised 8 rows of 4 m long and 30 cm apart, Six rows for each 

cultivar were taken as experimental rows and two bordering rows 

were considered as non-experimental. The distance between plants 

within a row was approximatly 10 cm. Seeds were sown on I November, 

1990 . Two levels of irrigation treatment were adopted, viz. , (i) 

irrigation at 10 days interval throughout the growing period 

(irrigated} and (ii) no irrigation (rainfed). On each occasion 10 

mm of water was applied to the irrigated field with sprinklers. The 

irrigated Sambal received 80 mm and Daulat received 70 mm of 

irrigation water, 
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Twelve days after sowing (DAS), the seedlings were thinned to 

uni form and desirable number of plants. Necessary cultural practic­

es, such as weeding and spraying of insecticides were done for 

normal growth and development of the plants. 

Growth Analysis 

Eleven harvests were taken at equal intervals of 7 days for 

~rowth analysis. Four plants were selected for each cultivar from 

P.ach treatment for each harvest. The first harvest was taken at 20 

DAS.At each harvest, the plants were cut just below the 

cotyledonary node and tops were separated into leaves, stem + 

petiole, flowers+ buds and pods (when present). Before weighing, 

the plant parts were dried separately in an oven at about 85 °c for 

24 hours till they reached constant weight. 

Leaf area was measured by the disc method. Twenty discs were 

used in calculating the area. The area of the .cork borer used for 

taking the discs was 0.5675 cm2• Discs were weighed after oven­

drying and leaf area was calculated by using following formula: 

Area of dies x Weight of leaves 
Area of leaves= 

Weight of discs 

Both the harvest interval method (classical technique) and the 

curve-fittin~ method (functiona~ technique) were followed to 
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determine different growth attributes. From the dry weight of 

different plant parts and leaf area data, the following growth 

attributes were calculated between two successive harvests by 

following the technique of growth analysis (Radford, 1967) : 

1. Crop growth rate (CGR) = 

2. Relative ~rowth rate (RGR) = 
t2 - ti 

3. Net assimilation rate (NAR) = 
( w2 - w1 ) ( logeLA2 - loge LAI ) 

4. Leaf area ratio (LAR) = 

( LA2 - LA1) ( tz - t 1) 

( logeWz - logeWJ) ( LAz - LA 1) 

( w2 - w1) . ( logeLA2 - logeLA1) 

5. Relative leaf growth rate (RLGR) = 
logeLA2 - logeLA1 

6. Leaf area duration (LAD) = 
2 

The following attributes were calculated separately for each 

harvest : 

7. Leaf area index (LAI) = 

8. Specific leaf area (SLA)= 

9. Leaf weight ratio (LWR) = 

Leaf area 

Ground area 

Leaf area 

Leaf dry weight 

Leaf dry weight 
----·-------------

Total plant dry weight 

Where, w2 and w1 are the tatal dry weights, LA2 and LAI are the 



MATERIALS AND METHODS 24 

leaf area per plant at t 2 and t 1, the latter and the former harvest, 

respectively. 

In the curve-fitting method, polynomial functions were fitted 

to natural logarithmic values of total dry weight and total leaf 

area, usin~ a scientific calculator. The loge transformation was 

made in order to render the variance homogeneous with time ( Hu~he~ 

and Freeman, 1967). The selection of appropriate polynomial 

regression model was made by 'lack of fit' method of Nicholls and 

Calder (1973). The second degree polynomial curves have been used 

in all respects. The second degree formulae for growth attrib11tes 

in the functional technique used were as follows : 

1. RGR = b + 2 ct 

2. LAR = Antiloge ( loge LA - logeW) 

3. NAR = RGR/LAR 

4 . RLGR = b/ + 2 c/ t 

Where, band care constants of dry weight and b/ and c1 are 

constants of leaf area per plant obtained from polynomial equations 

and tis the instanteneous time of harvest. From similar curves 

fitted to loge total dry weights, loge leaf weights and loge leaf 

area, it was possible to derive values for specific leaf area (SLA) 

and leaf weight ratio (LWR). 



MATERIALS AND METHODS 25 

Relat~ve Leaf Water Content (RLWC) 

Relative leaf water content ( RLWC) was determined from the 

f11l l y matured 3rd or 4th leaf. The leaves were collected at 8 A. M., 

l2 Noon and 4 P.M. and 20 discs were taken from leaves of each 

repli c ation of each cultivar of each treatment. Their fresh wei~hts 

were tRken immediately ~nd were sinked into water kept in petri 

dish for 3 hours.After 3 hours when the cells of the discs bec ame 

fully turgid they were taken off from water and after drying wit.h 

hlott i n~ paper their turgid weights were determined. Then the discs 

were dried in an oven And weighed. The relative leaf weter conten t 

was calculated from the following formula (Weatherly, 1950): · 

Fresh weight - Dry weight 
Relative leaf water content ( RLWC) = ---- ---- ---- x 100 

Turgid weight - Dry weight 

RLWC was determined at both the flowering and the mid-pod filling 

stages. 

Ch1orophyl1 Content 

Chlorophyll contents were estimated at both the flowering and 

the mid-pod filling stages. Three discs, each of O, 5675 cm2 area 

were taken from three different positions of the 4th leaf. 

Chlorophyll was extracted with 80% aquous acetone using a morter 

and pestle to grind the tissues. The suspension was decanted into 

centri fu~e tubes and centr .i fuged it for 3 minutes, The clear green 
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solution was then decanted from the colourless residue and made up 

to 10 ml with 80% acetone. The optical density (O.D.) of this 

solution was determined against 80% acetone as blank using a 

Spectrophotometer at 645 and 663 nm. The chlorophyll a and b were 

determined according to the formulae given by Mackinney (1941) and 

later used by Arnon (1949) as· follows : 

Chlorophyll a= 12.717 A2 - 2.584 A1 = mg Chl. a per litre. 

Chlorophyll b = 22 . 869 A1 - 4. 670 Ai = mg Chl. b per litre. 

Where A1 and A2 are O. D. at wavelengths of 645 and 663 nm, 

respectively. Amount of chlorophyll per unit of area was calculated 

in the followin~ way : 

mg Chl, a orb per litre x 10 

1000 x leaf area 

Estimation of Pro1ine 

Praline estimation of the leaves was done according to Bates 

et al. ( 1973). For estimation of proline the reagents required were 

(1) 3% aquous sulphosalicylic acid, (2) Glacial acetic acid, (3) 

Toluene, ( 4) Prol ine (AR) and ( 5) Acid ninhydrin reagent [ 6M 

orthophosphoric acid (20 ml)+ glacial acetic acid (30 ml)+ ninhy­

drin (1.25 g)]. 

At first 0.5 g fresh leaf was homogenized in 10 ml of 3% 

aquous sulphosalicylic acid and centrifuged it for 6 minutes. The 

clear solution was separated and 2 ml of it was reacted with 2 ml 

of acid ninhydrin and 2 ml of glacial acetic acid in a test tube. 
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Then it was boiled in a boiling water bath for 1 hour and the reac­

tion was terminated in an ice bath. The reaction mixture was then 

extracted with 4 ml of toluene, mixed vigorously with stirring for 

15-20 seconds. The chromophore containing praline - toluene was 

separated with a separating funnel and warmed to room temperature. 

The optical density (0. D.) at 520 nm was read using toluene as 

blank. Prol ine content was determined from the standard curvP 

(Fi~ure 0.1.). Pro.line (AR) was used for the preparation of Rtnndnrrl 

curve.Proline content of leaves was determined at the flowering and 

mid-pod filling stages. 

Stock solution of 1 mi 11 imo.le was prepared by disso.l vi n~ 

0. 1151 g of prol ine (AR) in distilled water and made up to 1000 

ml. By successive dilution 2 ml of solution containing O. 0, 0. 1, 

0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 and 0.9 micromole concentrations 

were prepared and reacted with acid ninhydrin and glacial acetic 

acid as described earlier. The colour was read at 520 nm and the 

O.D. was plotted a~ainst concentration (Figure 0.1). 

Estimation of Sugar 

Estimation of total free sugar of the leaves was done 

according to the anthrone method. For estimation of sugar, thf" 

rea~ents required were (1) 0.2% anthrone reagent (200 m~ of 

anthrone in 100ml of cone. H2so4), ( 2) Ethyl alcohol and ( 3) 

Standard ~lucose solution (10 m~ of glucose in 100 ml of distj}Jf"rl 

water). 
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At first 1 g of dry leaf was homogenized with distilled water. 

The mixture was filtered with a double-layered muslin cloth. The 

f i 1 trate was diluted with twice volume of ethyl alcohol and was 

kept in a cool place overnight. In the next morning, the mixure was 

centrifuRed and the clear solut i on was separated. The volume of the 

extract was evaporated to about one-fourth of the volume over a 

water bath and cooled. This reduced the volume of the extract anrl 

was then trA.nsferred to Fl 100 ml volumetric f]11.Rk And made up t.n 

the mark with distilled water. 

One ml of the distilled extract from each sample was pipetted 

into test tubes. Four ml of the anthrone reagent was added to eA.ch 

of this solution and mixed well.Glass marbles were placed on t o µ o f 

each tube to prevent evaporation. The tubes were pl aced in boi J .i 11R 

water bath for 10 minutes, then removed and cooled. A reagent blA.nk 

was prepare d by 1 ml of water and 4 ml of reagent in a test tube 

and treated similarly. The optical density (O.D.) of the blue Rreen 

solut i on was measured at 620 nffi using a Spectrophotometer. Sugar 

c on t en t was determined from the standard curve (Figure 0.2). S11~a r 

content wa s determined at both the flowering and mid - pod fil]jnR 

s t aRes. 

The standard c urve of gluc ose was prepared by taking 0.0, O. I, 

0.2, 0.4, 0.6, 0.8 and 1 ml of standard glucose · solution 111 

different t e st tube s c ontaning 0.0, 10, 20, 40, 60, 80 and 100 µ R 

of Rlu c o s e, r e spec tive ly and ma.de the volume up to 1 ml wit.h 
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distilled water. Four ml of anthrone reagent was added to each test. 

tube and mixed well. All these solutions were treated similarly aR 

described above. The colour was read at 620 nm and the O.D. was 

plotted against concentration (Figure 0.2). 

The Relation. 
and 

Between Leaf 
Transpiration. 

Water 
Rate 

Content 

Hyi;(en's (1951) qujck weighing method for the analysis of 

transpiration of detach0rl leaves was used for the comparison oft.he 

relationship between ]eaf water status and stoma.ta} behaviour.LeRf' 

sRmples were collected on sunny mornin~ in polythene ba~s. The r· nl 

Pnd of the petiole of t.he ]eaves was kept into water in b0.<lkr1·s 

under bell jars in a humid condition for about 3 hours. Leaves were 

then rapidly dried with filter paper and weighed. The water loss 

was followed for~ hours by recording fresh weight(FW) at intervals 

of 10 minutes for the first 90 minutes and then at intervals of 30 

minutes. Between wei~hin~s, the leaves were kept in semi-controlled 

environment (light intensity 2.37 klux, temperature 25 °c and R.H. 

50%) with their adaxial surface uppermost. The leaves were drawn on 

chroma.to~raphic paper to determine leaf area and the dry wei~ht 

(DW) of the leaves was taken at the end of the experiment. The 

initial wei~ht was considered as the turgid weight (TW). Relat.ivP 

leaf water content (RLWC) at any point during a dryi~g cycle ~as 

calculated from the fo.llowin~ formula 

FW - OW 
RLWC - ------- ---- ---- X 100 

TW - OW 
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The curve is divisjb.le into 3 phases, The first and fjnAl 

l inea.r phases when the stoma.ta were opened ( stomata! loss) And 

closed (cuticular loss), and a curvilinear phase during the time 

of stomata.! closure. The point of intersection of the two linear 

portions of the curve has been taken as indicating the relative 

water content at stoma tal closure ( Jarvis and Jarvis, 1963). 

Stomatal and cuticular water loss have been calculated from t.h~ 

transpiration decline curves. These were determined AL bot-.h f.h,-

flowerin~ and mid-pod fillin~ stages. 

Stomata1 Characters and Leaf Anatomy 

The number of stomata and the number of epidermal cells wP.r~ 

counted and stomata! pore length was measured on the adaxial and 

abaxial surfaces by applying Quickfix ( Wembley Enterprises, India) 

on the leaf segments. The number of stomata and epidermal cells of 

five random focuses was counted under a compound microscope with 15 

x 40 magnification and subsequently converted to the number per 

mm2 of leaf area. The stoma ta.! pore lengths were measured 

converted to µm, From the number of stomata and epidermal ceJIR 

stomata.! index was also calculated according to the follow in~ 

formula: 

Number of stomata 
Stoma tal index= ----- ------ - ---------------,- x l 00 

Number of stomata+ Number of epidermal cells 

For anatomical study, leaf se~ments were fixed in 

acetic-alcohol fixative ( 3 parts of 70% ethyl alcohol and 1 part. 
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~]acial acetic acid)for about twelve days and then transferred to 

70% ethyl alcohol. Transverse sections of the colourless segments 

were cut by a blade and were projected by a camera lucida and 

outline of the cells of the leaf tissues was drawn on paper. From 

Lhe outline, leaf thickness was determined and was converted into 

µm. The outline of five random cells of palisade parenchyma And 

five spongy parenchyma were also drawn on chromatographic paper and 

I.he cross-sectional area was determined and then converl.f!d i rit .o 

2 µm. 

Characters Related to Flowering 

Days taken to first. flowering were noted. Plant hei~ht and 

the number of leaves at first flowering were also recorded.Duration 

of flo~erin~ i.e., days taken from first flowering to last 

flowerin~ was also noted. 

Flowering Pattern and Pod Abortion 

The cumulative number of flowers opened on the main axis anrl 

primary branches 1-3 was counted on alternate days. Pod abortion 

was also calculated on the .main axis and primary branches 1-3 

accordin~ to the following formula: 

Pod abortion(%)= 

Number of flowers opened finally - Number of pods matured 
------- - - -- ----·- ---- -------- --------------- --- ··· X 100 

Number of flowers opened finally 
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Pod and Seed Growth 

For determining pod and seed growth, 8 harvests were taken at 

equal intervals of 5 days. The first harvest was taken at 10 days 

After flowerin~ (DAF).Twenty pods were taken from the lower part of 

the main branch per replication per cultivar per treatment. Then 

the pods were dried in an oven at about 85 °c for 24 hours and 

w0ighed. 

For calculatin~ seed growth, the seeds of a pod collected from 

mid-position of the main branch were also dried and weighed. 

Y~e1d and Y~e1ct Components 

The final harvest was done for Sambal at 100 and Daulat at 95 

Days after sowing. Six plants per replication per cultivar per 

treatment were harvested and measurments of yield and yield 

components were made. The following characters were recorded : 

Plant height at maturity, length of main axis, number of 

hra nches/plant, number of pods on main axis, number of pods/plant, 

number of seeds/pod, pod weight/plant, straw weight, 1000-seed 

weight, seed-husk weight ratio, harvest index, seed yield/ha and 

oil content of seeds. 
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Harvest index was calculated as follows 

Economic yield 
Harvest index%= ------------ X 100 = 

Seed yield 
X 100 

Bio lo~ ical yield Total dry weight 

Oil content of seeds was estimated by the Soxhlet method usinR 

pe trole11m ether ( bo i.l in~ point 40-60 °c) as sol vent. 

Soil Moisture Determination 

Soil moisture was determined gravimetrically from five 

s11ccessive soil layers ( 0-20, 20-40, 40-60, 60-80, 80-100 cm 

he~inninR from 15 DAS up to the final harvest at JO days intarvals. 

The moisture content vaJ\les were used to compute consumptive water 

11se (Dastane, 1972) accordinR to the following formula 

Consumptive water use (CWU) 
Mb, - Me, 

n l I 
= IR + ER + l: i=l ------

100 
X A, X D-

I I 

Where IR =irrigation water, ER= rainfall, Mbi =moisture% 

at the beginning of the season of the ith layer of the soil, Mei 

=Moisture% at the end of the season of the ith layer of the soil, 

Ai= apparent specific gravity of the ith layer of soil, Di= depth 

of the ith layer of the soil within root zone and n = no. of soil 

layers in the root zone D. 

Water Use Efficiency (WUE) 

WUE was computed by usin~ the followin~ formula 

WIJE (ki;1;/ha/mm) = Seed yield (kg/ha)/consumptive water use (mm). 
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Meteorological Data 

Meteorolo~ical data were collected from the Regional Meteo­

rolo~ical Station, Sampur, Rajshahi. The meteorological station is 

ahout 1 km from the experimental field. The information like 

m;:i,xim11m and minimum temperatures, humidity, rainfall, soil temper­

t.11re and sunshine hours were collected (Fi.i:{ure 0.3).Total rninfn.l I 

d11rin~ the experimental period was 38 mm. 

Stat~st~cal Ana1ysis of Data 

The experimental design was a split plot design and the 

anFtlysis of variance was done accordingly. Least significance 

difference (LSD) values at 5% level were calculated, where the 

value of variance ratio (Fl for treatment effect in case of figures 

and treatment, cultivar and interaction effects in case of tables 

were si~nificant. Simple correlation coefficients were calculated 

between pair of characters. 

The followin~ notations have been used to specify statistical 

si~nificance throu~hout the thesis 

* = Significant at p = 0 . 05 

** = Significant at p = 0.01 

*** = Sii;(nificant at p = 0.001 and 

NS = Non-s1~nificant 

Vertical bars= LSD values at 5% level between treatments within a 

cu]tivar. 
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Choice of Growth Analysis Technique 

Growth analysis has long been established as a standard 

technique for the study of plant growth and productivity.Out of the 

two approaches followed, the classical one relies strictly on the 

hnrvest data sets where parameters like mean growth rate (RGR) 

between a pair of harvests are taken into consideration, while the 

s~cond one uses re~ression procedures. In the latter, a suitahl~ 

mathematical function represented by a smooth curve is fitted to 

the recorded values of plant dry wei~ht (W) or leaf area (LA) so 

that it approximates the real growth curve. However, the major 

rlifficu]ty encountered in the classical approach is of the samplin~ 

Prror of the primary data which seriously obliterates the der i vec.l 

functions. In the regression analysis, on the other hand, looser 

confidence limits are acceptable; however,the major problem lies in 

the choice of a suitable function that represents the best approxi­

mation o~ the observed growth. Amongst the various statistical 

models proposed, polynomial exponential model has been the most 

popular one because the simple mathematical and statistical proper­

ties of the model enable it to be fitted to data by an exact and 

relatively straightforward models of linear regression. After 

reviewin~ different methods it is concluded that use of polynomials 

is preferable in growth analysis. A polynomial exponential model 

has ~reat potential in a purely empirical approach to the study of 

Plant growth where the objective is to assess and compare either 

genetic or environmental influences.In the present experiment both 
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the classical and the polynomial exponential techniques were 

followed. 

The residual sum of squares were calculated for linear, 

quadratic and cubic equations fitted to loge total dry matter ~er 

un.i t ~round area, loge LAI, lo~e total dry matter per plant, loge 

leaf area, and loge leaf dry weight as a function of time (Table 

I . 1. ) . The chan~es in LAI, leaf area and leaf weight were ade<1u11teri 1.v 

described by second de~ree polynomial in the two cultivars ( p = 

0.01 ), but in the case of total dry matter per unit ground area and 

total dry matter per plant a third degree polynomial was adequate . 

For comparison the second de~ree polynomial curves have been 11sE>rl 

in all the cases . 

Coefficients obtained from quadratic fitted curves of loge 

leaf area of two mustard cultivars as influenced by soil moisture 

are ~iven in Table 1.2. For all the equations the a,b, a1 and b/ 

coefficients were positive and c and c 1 coefficients were negative. 

In all the cases the coefficients for the irrigated values were 

~reater than the rainfed values, except for c and c 1, where, for 

Sambal these were equal and for Daulat the irrigated c and c1 were 

smaller than that of the rainfed treatment • 

Total Dry Matter (TDM) 

Effect of soil moisture on total dry matter of two mustard 

cultivars at different sta~es of ~rowth is shown in Figure 1.1. 
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Table 1.1. Reduction in mean squares due to successive terms of 
two mustard cultivars as influenced by soil moisture. 

loge Total dry Matter (g .-2 ) 

Sources of df Mean squares 
variation 

Samba! Daulat 

, . . 
Irrigated j Rai nfed Irrigated j Rainfecl 

•·· · · . 

Reduction due 1 21.331** 19.287** 20.989** 17.680** 
to linear 

Deviation 9 0.386 0.349 0.541 0.394 
from linear 

Reduction due 1 3.217** 2.810** 4.231** 2.893** 
to quadratic 

Deviation 8 0.033 0.041 0.080 0.081 
from quadratic 

Reduction due 1 0.210** 0.228** 0.611** 0.563** 
to cupic 

Deviation 7 0,007 0.014 0.004 0.012 
from cubic 

Contd ..... . 
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Table 1.1. (Continued). 

Sources of df t1ean squares 
variation 

s-hal Daulat 

Irrigated I Rainfed Irrigated I ltainfed 

Reduc tion due 1 1,581 0,163 0.169 1.035 
to linear 

lleviation 7 0.762 0,918 1,108 0,945 
fro■ linear 

Reduction due 1 5.003** 5 ,838** 7,394•• 5.377** 
to quadratic 

Deviation 6 0.056 0,098 0,060 0,207 
fro■ quadratic 

Reduction due 1 0.010 0,156 0.089 1 . 078 
to cubic 

o .. viation 5 0.065 0.087 0,054 0,323 
frotn cubic 

· - · ... 

loge Total Dry Matter (mg/plant) 

Sources of df l1ean squares 
variation 

s-bal Daulat 

lrrigat .. d I Rainfed Irrigated I Rainfed 

Reduction due 1 20,360** 19,262•• 22 , 470"'* 17, 776•• 
to linear 

Deviation 9 0,018 0,349 0 , 498 0 . 397 
froa linear 

Reduction due 1 2,830•• 2, 811•• 3.990** 2,918•• 
to quadra~ic 

Deviation 8 0,019 o. 041 0.063 0,081 
from quadratic 

Reduction due 1 0, 130** 0,231•• 0,300• 0.564** 
to cubic 

Deviation 7 0.003 0 , 014 0,027 0,013 
frOII cubic 

Contd ••••• • 
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Table 1.1. (Continued). 

log, Leaf Area ( cm2/plant) 

Sources or df ttean squares 
variation 

Sa•baJ Daulat 

Irri4ated I Rainfad Irrigated I Rainfed 

RP.duct ion doe 1 1.542 0, 1.25 0,178 I, 004 
t.o linear 

Deviation 7 0,743 0,858 1.059 0,909 
fr<>11 linear 

Reduction due 1 4,881** 5,066** 6,949** 5,437** 
to quadratic 

Deviation 6 0,053 0,157 0 , 077 0,154 
fr<>11 quadratic 

Reduction due 1 0.015 0,137 0,095 0.706 
to cubic 

Deviation 5 0.061 0,160 0.074 0,044 
fr<>11 cubic 

log, Leaf Weight (mg/plant) 

Sources of df ttean squares 
variation 

Saabal Daulat 

Irrigated I Rainfed Irrigated I Rainfed 

Reduction due 1 1.115 0,063 0.124 1,051 
to linear 

Deviation 7 0,725 1.046 1.011 1.049 
frot1 linear 

Reduction due 1 4.903** 6,370•• 6.673•• 5,793** 
to quadratic 

Deviation 6 0.029 0,159 0,087 0.259 
froa quadratic 

Reduction due 1 0,015 0.009 0,250 1 , 452 
to cubic 

Deviation 5 0,031 0, 169 0.031 0,020 
froa cubic 
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Table 1.2 . Constants obtained from quadratic fitted curves of log 
total dry matter and loge leaf area of two musta~d 
cultivars as influenced by soil moisture. 

loge Total Dry Matter (g/plant) 

I a I b I C 

Sambal 

Irrigated 5.3429 0.1436 -0.0012 

Rainfed 5.1368 0.1415 -0.0012 

Daulat 

Irrigated 6 . 1479 0.1620 -0.0014 

Rainfed 5.0264 0.1407 -0.0012 

loge Leaf Area ( cm2 /plant) 

I al I bl I cl 

Samba! 

Irrigated 3.4617 0.1669 -0.0026 

Rainfed 3.4516 0.1529 -0.0026 

Daulat 

Irrigated 3.5914 0.1796 -0.0031 

Rainfed 3.5401 0.1336 -0.0027 
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Increase of total dry matter was slow at the early vegetative 

phases (20, 27, 34 and 41 DAS), but increased rapidly with the 

advancement of the ~rowth period in both the cultivars 

ments. The irrigated plants had always greater total 

than the rainfed plants. Significant increase of total 

production with irrigation was observed at almost all 

and treat­

dry matter 

dry matter 

the stages 

of ~rowth except at 20, 76 and 90 DAS in Sambal and 20 DAS in 

Daulat. Daulat had relatively higher dry matter accumulation than 

Sambal in the irri~ated condition but it had lower dry matter 

in the rainfed condition . 

Mean squares from the analysis of variance of curve-fitted 

values of TDM, LAI, LAD and some other growth attributes of two 

mustard -cultivars as influnced by soil moisture are presented in 

Table 1.3. In case of TDM (~ m-2) significant effect was found for 

treatment, harvest date, cul ti var x treatment and treatment x harvest 

date. The curves of TDM (Figure 1.1) indicated that they were not 

adequately fitted. The curve-fitting method yielded unusual curves 

for. TOM, where there was a decline at the later stages of growth. 

Leaf Area Index (LAI) 

Effect of soil moisture on LAI showed that the pattern of its 

development was essentially similar in both the treatments and 

cult i vars ( Figure 1. 2). In every cul ti var and treatment starting from 

a lower value,LAI reached a certain peak and then declined to zero. 

In Sambal,both the irrigated and the rainfed LAI reached their peak 
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at 55 DAS but in Daulat the irrigated LAI at 55 and rainfed LAI at 

48 DAS. The irrigated plants had higher LAI at all the stages of 

~rowth. Si~nificantly higher LAI was found in the irrigated plants 

for Sambal at 24, 48, 55, 62 and 76 DAS and for Daulat at all the 

Rta~es of growth except at 20 and 76 DAS, The highest LAI was found 

in the irri~ated Daulat and the lowest in the rainfed Daulat . 

Mean squares from the analysis of variance of curve-fitted 

values of LAI indicated that the soil moisture,cultivar and harvest 

date effects were si~nificant (Table 1.3). The interactions like 

r:111.tivAr x treatment, treatment x harvest date were also signifi­

cant, LAI calculated by the harvest interval method showed a clos"' 

a correspondence with the instantaneous values of LAI obtained from 

curve-fitting method ( Figure 1. 2). Maximum LAI was under-estimated 

in the fitted data iri all cases, except in the irrigated Sambal, 

where it was over-estimated . 

Leaf Area Duration (LAD) 

The pattern of LAD was similar as in LAI (Figure 1.3). In 

Sarnbal, LAD reached its peak at (55-62) DAS in both the irrigated 

and the rainfed plants, whereas in Daulat, it reached its peak at 

(48-55)DAS in the irri~ated plants and at (41-48)DAS in the rainfed 

plants.The LAD values of the irrigated plants were higher than that 

of the rainfed plants i.n both the cultivars, The irrigated plant~ 

had si~nificantly greater LAD at (20-27), (27-34), (48-56) and (62-

69) DAS in Sambal and i.n Daulat at all the stai;(es of growth except 
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Mean squares from the analysis of variance of TDM, LAI, 
LAD and some other growth attributes of two mustard 
cultivars as influenced by soil moisture (calculated 
from quadratic curve-fitted values). 

TDK ( g •-%) LAI LAD ( days I CGR {g .-2 day-I) RGR (g { 1 day-II 

df Kean df Kean df Nean df lfean df Kean 
squares squares squares squares squares 

I 280112**• I 1.3728Ut I 67,29•** I 20 I. 960tU I 950.59** 

I 37 I 0, 5560** I 9.88* I 216 .640*** I 199.33 

10 165803*** 8 0.198IU 8 31.46** 9 5.520 10 24205. 93*** 

I 95 24 I 0.1381* I 6.80* I 0.002 I 522.20• 

10 520 8 0,0272 8 I. 12 9 4.360 10 542 .95H 

10 2omu• 8 0.0695* 8 3. 45* 9 2.350U 10 308.18U 

10 753 8 0,0146 8 0.94 9 7.010 10 78.60 

df lfean squares 

NAR ~ I0 -4 

(g c1 - day-I I 
LAR (c12 { 1) RLqR 

(c12 c,- day-I) 
SLA (n2 ( 1) LWR (g g" I I 

1 0.00033** 323.940 0, 00360*** 0. 21 0.0062 

I 0.00001 365.90* 0.002800$ 5649.99*** 0.0062 

8 0.01296*** 464.930 0,04224*** 387.42 0, 4125*** 

1 0.00013• 61. 80 0.00032* 1750.07• 0,0182* 

8 0.00002 76.01 0.00012 102.47 0.0093• 

8 0.00003 63.47 0.00006 516.69 0.0007 

8 0.00002 27,02 0.00005 189.58 0.0018 
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at (55-62) DAS. Irrigated Daulat showed the highest and rainfed 

Daulat showed the lowest LAD. LAD calculated by the classical method 

~howed a close agreement with the LAD obtained from the curve­

fitted method (Figure 1.3 ), In the fitted data, all the maximum 

LAD values were under-estimated, except in the irrigated Sambal, 

where LAD was over-estimated . 

Crop Growth Rate (CGR) 

CGR fluctuated in both the cul t ivars and treatments (Figure 

1.4a).Though it increased slightly at the early stages and declined 

at the later stages,yet no clear pattern was found. Highest CGR wa~ 

found at (48-55) DAS in Samba! and at (41-48) and (34-41) DAS in 

the irrigated and the rainfed Daulat, respectively. The irrigated 

plants had hi~her CGR at all the stages of growth than the rainfed 

plants except at (69-76) DAS in Sambal.Significantly higher CGR was 

found at (62-69) and (76-83) DAS in Sambal and at all the stages 

of growth in Daulat except (34-41), (55-62) and (69-76) DAS in the 

irrigated plants than that of the rainfed plants. The highest CGR 

was observed in the irrigated Daulat and the lowest in the ra i nfed 

Daulat. 

Mean squares from the analysis of variance of the curve­

f i tted values of CGR shown in Table 1.3 indicate that soil moisture 

treatment differences were siQ;nificant. Cultivar and treatment and 

treatment x harvest date interaction were also significant. CGR 

calculated from the quadratic-fitted data gave uncharacterist.ical Ly 
negative values late in the season (F i gure 1.4b). In Daulat,CGR in 
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ne~ative values late in the season (Fi~ure 1.4b). In Daulat,CGR in 

the irri~ated plants became more negative than the rainfed plants. 

Relative Growth Rate (RGR) 

Effect of soil moisture on RGR of two mustard cultivars at 

different stages of growth is shown in Figure 1.5a. In both the 

r·11l.tivR.rs, RGR of both treatments declined with s.li~ht fluctuat.inn. 

At the early sta~es, it declined sharply but at the later stages it 

rleclined s]owly. In irrj~ated condition, Sambal had higer RGR at 

134-41), (48-55) and (69-76) DAS and Daulat at (20-27), (27-34), 

(~1-48) and (48-55) DAS. Irrigated Daulat had significatly hi~her 

RGR at (41-48) DAS than the rainfed plants. The highest RGR was 

observed in Daulat , 

Analysis of variance of the curve-fitted values of RGR 

(Table 1.3) indicates that the effect of soil moisture was signifi­

cant. The effect of harvest date and interaction items like 

cultivar x treatment, cultivar x harvest date and treatment 

x harvest date were also si~nificant.RGR declined sharply throuhout 

from a maximum value (Figure 1.5b). RGR calculated from the 

quadratic-fitted data ~ave also uncharacteristically 

values at the later sta~es of growth . 

Net Ass~m~1at~on Rate (NAR) 

negative 

The · pattern of soil moisture effect exhibited that NAR 
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fl11ctuated in both the treatments of Samba! and Daulat (Figure 

1.6a). Very little increase or depletion was found in Samba! up to 

(62-69) DAS and in Daulat upto (48-55) DAS and then increased very 

rapidly, except in the irri~ated Sambal, where no such increase was 

ohserved. NAR values of the rainfed plants was higher at (27-34), 

141-48), (48-55), (65-62) and (69-76) DAS in Samba! and at (34-41), 

(48-55), 155-62), (69-76) DAS - in Daulat. The rainfed plants had 

RiRnificantly higher NAR at (69-76) DAS in Sambal and at (55-62), 

(62-69) and (69-76) DAS in Daulat. Maximum NAR value was found in 

rainfed Daulat . 

Mean squares from the analysis of variance of the curve-

fitted data of NAR (Table 1,3) indjcates that soil moisture 

treatment was hi~hly si~nificant. Harvest date differences were 

also hi~hly significant. Cultivar and treatment interaction was 

siRnificant. NAR calculated by the harvest interval method showed 

a close correspondence with the instantaneous values obtained from 

th~ curve-fittin~ method (Fi~ures 1.6a and 1.6b),The rainfed values 

remained lower at the early stages but became higher at the later 

sta~es of ~rowth . 

Leaf Area Ratio (LAR) 

LAR values of both the treatments of the two cultivars were 

found maximum at (20-27) DAS and then declined steadily with incr­

easin~ plant a~e (Fi~ure 1.7a). The irrigated plants had higher LAR 

at all the ~rowth sta~es in Samba! except at (20-27) and (41-48) 
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DAS. In the irrigated plants significantly higher LAR was found aL 

(27-34), (48-55) and (55-62) DAS in Sambal and at (48-55), (56-62) 

and (62-69) DAS in Daulat than the rainfed plants. Significantly 

lower LAR was observed at (20-27) in the irrigated Daulat.The 

hi~hest LAR was found in the rainfed Daulat. 

Hip;h l y s i ~ni f icant effect of soil moisture on LAR was present 

Table 1. 3 ) . Cul ti var and harvest date differences were also 

R·ignificR.nt. The pattern of (JAR cAlc11lR.ted from the curvr-fit.1.P.rl 

data was closer to that calculated from the original data (Figures 

l . 7 a and 1 . 7 b) . 

Relat~ve Leaf Gro~th Rate (RLGR) 

The maxi mum Rl,GR was found at ( 20-27) DAS in both the 

treatments and cultivars and th~n declined gradually with fluctua­

tions (Fip;ure 1.8a). In the irrigated Samba! plants, RLGR became 

negative at (55-62)DAS and in the rainfed Samba! it became negative 

first at (41-48) DAS,then increased into positive value and further 

became negative at (55-62) DAS. In the irrigated Daulat planis,RLGR 

hecame negative at (48-55) DAS and in the rainfed plants it became 

negative at (41-48) DAS.The highest RLGR was found in the irrigated 

plants of both the cultivars. Irrigated plants had higher RLGR at 

(20-27), (41-48), (48-55) and (69-76) DAS in Sambal and (20-27), 

(41-48), (48-55) and (62-69) DAS in Daulat than the rainfed plants. 

SiRnificantly higher RLGR in the irrigated plants was found at 

(27-34) and (48-55) DAS in Daulat and (69-76) DAS in Samba}. Signi­

ficantl.y lower RLGR in the irrigated plants was observed at (55-62) 

OAS in Sambal and at (69-76) DAS in Daulat than the rainfed plant~. 
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Soil moisture treatment, cul ti var and harvest date differences 

for RLGR, calculated from curve-fitted data were highly significant 

(Table 1.3). Cultivar x treatment effect was significant. Soil 

moisture effect on RLGR calculated from curve-fitted values showed 

a linear drift with increasing age (Figure 1.8b) . 

Specific Leaf Area (SLA) 

There were no clear pat.terns of soil mo .ieture effect on 81,A 

(Fi~ure 1.9a). The irri~ated plants had si~nificantly hi~her SLA 

than the rainfed plants at 34, 48, 55 and 62 DAS in Samba! and 34 

and 55 DAS i.n Dau.lat. The irri~ated DauJ.at had significantly lower 

Sl.,A at 48 DAS than the rainfed plants . 

Mean squares from the analysis of variance of the curve­

fitted data of SLA (Table 1.3) showed that the cultivar differences 

were highly si~nificant. Cultivar x treatment was also significant. 

The curve-fitted values of SLA (Figure 1.9b) indicate that there 

was sli~ht increase or depletion of SLA with increasing age. The 

irri~ated plants had hi~her SLA at the middle stages of growth but 

it was lower at both the initial and terminal stages • 

Leaf Wei~ht Ratio (LWR) 

Startin~ from a maximum value, LWR of both the treat~ents and 

cu]tivars declined sharply with 

exception was found only at 

increasing age (Figure 1.10a). The 

27 DAS in the rainfed Daulat. 

Si~nificantly hi~her LWR in the irrigated plants than the rainfed 
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plants was found at 48 and 76 DAS in Sambal and at 65, 62 and 69 

DAS in Daulat. The irrigated Sambal had significantly lower LWR at 

69 DAS . 

Hi~hly significant effect of harvest date was found on LWR 

(Table 1.3). The interactions between cultivar and treatment and 

r11ltivA.r and harvest date were also found sip;nificant. The pattern 

of loWR. obLained from the curve-fitted values was closure t,o I.WR 

obtained from the oriilnal values (Figures 1.10a and 1.10b). LWR 

also showed downward drifts with age (Figure 1.10b). 

The va l.ues of RGR and NAR ( Figure 1, 11), LAR and RLGR ( Figure 

1 . 12) and SLA and LWR ( F .i gure 1. 13) plotted against loge plant dr:v 

wei~ht, based on the fitted quadratic relationship between logeW 

(dry weight) and logeLA (leaf area) with time,are shown. The curves 

of RGR, LAR, RLGR and LWR with respect to loge plant dry weight in 

both the treatments and cultivars showed similar declining trends. 

Very little increase or decrease of NAR was found at the initial 

sta~es but it increased very sharply with increasing dry weight.The 

pattern of SLA with increasing dry weight was similar as was with 

increasing t i me. 

Correlation Coefficients 
Growth Attributes and 

Between 
Yield 

Simple correlation coefficients between growth attributes and 

yield at two soil moisture levels are given in Table 1.4. 
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Association between growth attributes and yield of irrigated 
plants 

CGR at the pre-flowering stage was positively correlated 

with pre-flowerin~ LAI and neJ;(atively correlated with the post­

fJowerin~ RGR. RGR at the post-flowerinJ;( stage was negatively 

correlated with LAI at the pre-flowering stage. NAR at the post­

flowerin~ sta~e was positively correlated with the pre-flowerin~ 

I.AR and ne~atively correlated with the post-flowering LAR. LAR at 

lhe pre-flowerin~ sta~e was positively correlated with the post­

flowering LAR. Seed yield was positively correlated with the pre­

flowerin~ LA[ and CGR and the post-flowering NAR. 

Association between growth attributes and seed yield of 
rainfed plants 

CGR at the pre-flowerin~ stage was positively correlated with 

RGR and NAR at the pre-flowering staRe, CGR at the post-flowering 

sta~e was positively correlated with LAI ( post-flowering ) and 

ne~atively correlated with NAR (post-flowering) and LAR ( pre­

fl.owerinp;).RGR at the pre-flowering stage was positively associated 

with NAR at the pre-flowering sta~e. The pre-flowering NAR was 

positively correlated with pre-flowering LAI. The post-flowering 

NAR was positively related with LAR (pre-flowering) and negatively 

with LAI (pre- flowerin~) and LAR (post-flowering).The pre-flowering 

LAR was ne~atively and the post-flowering LAR was positively 

associated with the post-flowerin~ LAI. Seed yield was positively 
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Table 1. 4. Simple correlation coefficients between growth attributes 
and yield (upper diagonal irrigated and lower diagonal 
rainfed values) . 

LAI CGR RGR NAR LAR Seed 
Jeild 

Pre- Poet- Pre- Poet- Pre- Poet- Pre- Poet- Pre- Poet-
flow- flow- flow- flow- flow- flow- flow- flow- Clo,- flow-
ering ering ering ering ering ering ering ering ering ering 
(1 l (21 (3 l ( 4) ( 5 I ( 6 l ( 7 I (81 (9 l (lo I (Ill 

I -0.52 0,89* -0.06 0,60 -0.81t 0, 11 0.73 0.89* -0.89* 0,82* 

2 0.01 -0, 74 o. 46 -0. 70 0.65 -0.53 -0.57 -0.55 0.70 0.01 

3 0.78 -0 ,52 -0.38 0.73 -0.97** 0.48 0.51 0.76 -0.77 0, l 8 

4 0.03 0.81* -0.48 -0 .51 0,37 -0.76 0.25 0,26 0,07 0, 84* 

5 0.71 -0 .53 0.86* -0 .65 -0.56 0.76 0, 48 0.39 -0. 72 -0,29 

6 0.51 0.64 0.06 0.72 -0.21 -0, 44 -0.34 -0,71 0.61 -0 .19 

7 0.79* -0.35 0.89* -0 .55 0.930 0,06 -0, 17 -0 .11 -0 .14 -0.77 

8 -0,05 -0,97U 0.50 -0 .80* 0, 44 -0.54 0.34 0.82* -0,92U 0.81* 

9 0.04 -0,91** 0.57 -0.79* 0.60 -0.70 0.38 0.89* -0,84* 0,67 

10 0.50 0.84* -0,02 0, 77 -0 .14 0,81* 0.05 -0.85* -0 . 7T -0, 45 

11 -0.25 0,84* -0,76 0.86* -0,69 0.36 -0.70 -0 ,89* -0.79* 0,60 



correlated with LAI and CGR at 
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the post-flowering stage and 

post-flowering NAR and the pre-

Distribution of Dry Matter 

Effect of soil moisture on distribution of dry matter (DM) 

of two mustard cultivars At successive stages of growth is shown in 

Fi~ures 1.14 and 1.15 . At the early stages of growth only stem+ 

petiole and leaves were present, whereas, at the later stages only 

stem and pods were present. Percentage of DM accumulation for 

stem+ petiole was lower at the early stages, at the middle stages 

11. reached a certain peak and then gradually declined with time. ln 

Sambal the irrigated plants had peak stem+ petiole DM (78%) at 62 

DAS and the rainfed plants (78%) at 55 DAS. Daulat had its peak DM 

of stem+ petiole (70.4%) at 55 DAS in the irrigated plants and 

(74%) also at 55 DAS in the rainfed plants. 

Percentage of OM accumulation in the leaves revealed that it 

was highest at the initial stage and gradually declined with 

increasing age and at 83 DAS it became zero. The irrigated plants 

accumulated higher leaf DM than the rainfed plants at 20, 48, 55, 

and 76 DAS in Sambal and at 20,41, 55, 62, 69 and 76 DAS in Daulat. 

Dry matter accumulation for buds+ flowers started at 41 DAS 

and gradually increased up to several harvests and then declined 

with increasing time. The irrigated plants had higher percentage of 
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DM accumulation for buds+ flowers than the rainfed plants at 55 

and 62 DAS in Samba!. 

Percentage of DM accumulation for pods was found lowest at 48 

DAS and gradually increased with plant age. Higher percentage of DM 

accumu l ~t ion was found in the rainf ed plants at 62, 83 and 90 DAS 

in SamhRl and at 55, n2 and 69 DAS in Dau1at . 

RP-lative Leaf Water Content (RLWC) 

The effects of s oil mo:i sture on RLWC of two cul ti vars at. 

different times of a day at the flowering and the mid-pod filling 

sta~es are given in Fi~ures 1.16a and 1.16b. The irrigated plants 

had higher RLWC than that of the rainfed plants in all cases.At the 

flowerin~ sta~e, the irri~ated plants had significantly higher RLWC 

than the rainfed plants at 8 A.M. in both the cultivars. At mid-pod 

fi]lin~ sta~e, the irri~ated plants had significantly higher RLWC 

at 8 A.M. and 4 P.M.than the rainfed plants of Samba!. The highes t 

RLWC was observed at 8 A,M. but at the midday it decreased and RL 

the later part of the day it increased gradually. 

Chlorophyll, Prol~ne and Sugar Contents 

Mean values of chlorophyll, pro line and sugar contents of t.wo 

cultivars as influenced by soil moisture are given in Table 1.5. 
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Soil moiAture effect was not significant for chlorophyll a, 

c hlorophyll b and total chlorophyll at both the flowering and mid­

pod fillin~ stages.Chlorophyll b of Daulat was significantly higher 

t.han that of Sambal plants at the flowerin~ sta~e. At the mid-pod 

fil]inR sta~e chlorophyll a ,band total chlorophyll were slightly 

lii~her in the irrigated plants than the rainfed plants . 

The rainfed plants had si~nificanl . .ly hjJ(her pro]ine t.hAn t.hnl. 

of the irrigated plants at both the flowerin~ and mid-pod filling 

Rta2es. At the flowerin~ stage, Sambal had significantly higher 

proline than Daulat. At the mid-pod filling stage such difference 

was not significant. Praline content was higher at the mid-pod 

filling stage than that of the flowering stage . 

The leaves of the rainfed plants accumulated significantly 

higher quantity of sugars at both the flowering and mid-pod filling 

sta~es. Rainfed Sambal accumulated si~nificantly hi~her sugars at 

hoth the s t ages. At the mid - pod filling stage, rainfed Sambal had 

Ri~nificantly higher sugars than the ra i nfed Daulat. Accumulation 

of s11RA.r was hi.~her at the mid-pod filling stage than the flowering 

stage, 

Re ~la.ti_ve Leaf Water Content (RLWC. ) 
Time At Wh~ch Stoma.ta. Closed 

and 

The curves from which relative leaf water content and the 

t . i me taken to stomata] c.l osure were calculated by extrapolat i on are 
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Table 1.5. Mean values of chlorophyll, proline and sugar contents 
at the flowering and the mid-pod filling stages of two 
mustard cultivars as influenced by soil moisture. 

Chlorophyll a ( ■8 d■-2 ) Chlorophyll b (■8 d■-2 ) Total chlorophyll(■8 d■-2 ) 

Sa■bal J Deulat I Mean Sa■bAl J Daulet I Mean s-bal I Daulat J Mean 

rlowering stage 

lrri11ated 2,42 2,72 2.57 0,97 J.09 1.03 3.40 J.80 J . 61 

Rei nfed 2,49 2,58 2,53 1.00 1.14 1.07 3,49 3 , 72 3.60 

!1een 2,46 2.65 0,99 1.12 3.45 3,76 

LSD at 5:t (a)NS,Cb)NS,(c)HS,(d)NS (a)NS,(b)0,10,(c)NS,(d)NS (a)NS,(b)NS,(c)HS,(d)NS 

Hid-pod filling stage 

Irrigated 2,73 2,62 2,68 1.07 1.14 1.11 3,81 3,93 3,87 

Reinfed 2.20 2,26 2,23 1.01 0,95 0,98 3,21 3.21 3.21 

Mean 2.47 2,44 1.04 1.05 3,51 3,57 

LSD at 5% (a)NS,(b)NS,(c)NS,(d)NS (a)NS,(b)NS,(c)NS,(d)KS (a)NS,(b)HS,(c)NS,(d)NS 

Proline ( 118 8-l freeh weight of leaf) Sugars content (■8 8-l dry weight) 

Sa■ba.l I Daulat I Hean s-bal I Daulat I Hean 

Flowering stage 

Irrigated 68 60 64 8,1 10.1 9,1 

Rainfed 100 78 89 13,1 13,7 13,4 

Hean 84 69 10 , 6 11,9 

LSD at 5% (a)20,(b)l4,(c)14,(d)13 (a)3,6,(b)NS,(c)KS,(d)2,3 

Mid-pod filling 

Irrigated 145 121 133 

Rainfed 187 163 175 

Mean 166 142 

LSD at 5% (a)31,(b)NS,(c)NS,(d)40 

Ca) = 
(h) 

(c) = 
ldl 

Difference between treat-nts 
Difference between cultivars 
Diffel'ence within treat■ent between cultivars 
Difference within cultivar between treat■ents 

stage 

12,4 14,9 13.7 

22.9 17,5 20.2 

17,6 16.2 

(a)l,l,(b)KS,(c)3.6,(d)3,2 
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Table 1,6. Mean values of relative leaf water content (RLWC) and 
time at which stomata closed of two mustard cultivars as 
influenced by soil moisture at the flowering and the 
mid-pod filling stages. 

RLWC at which stomata Time taken to stomatal 
closed ( % ) closure (min) 

Sambal I Daulat I Mean Samba! I Daulat I Mean 

Flowering stage 

Irrigated 76.00 73.70 74.85 

Rainfed 77.50 74.20 75.85 

Mean 76 . 80 74.00 

LSD at 5% (a)NS,(b)NS,( c )NS, 
(d)NS 

Mid-pod filling 

Irrigated 74.60 68 . 50 72.60 

Rainfed 72.80 71.50 73.30 

Mean 73.65 70.00 

LSD at 5% (a)NS,(b)NS,(c)NS,(d)NS 

(a) = Difference between treatments 
(b) = Difference between cultivars 

66.00 75.00 70.50 

51.70 62.70 51.90 

58 . 90 63 . 90 

(a)14.50,(b)NS,(c)NS, 
(d)18 . 70 

stage 

61.70 69.00 58.50 

54.00 67.00 60.50 

51.15 68.00 

(a)NS,(b)NS,(c)NS,(d)NS 

(c) = Difference within treatment between cultivars 
(d) = Difference within cultivar between treatments 

· -
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shown in Fi~ures l.17a-d. The relative turgidity at the point of 

intersection was taken as a critical level for stomata! closure. 

Relative water content of leaves at points of stomata! closure and 

time at which stomata closed at the flowering and the mid-pod 

fillin~ sta~es are given in Table 1.6. Treatment and cultivar 

effects were non-significant at both the flowering and mid-pod 

fillin~ sta~es for both the characters, but at the flowering sta~~. 

time taken to stomata! closure was significantly higher in the 

irrigated plants. 

Transpiration Rates 

Mean values of transpiration rates of two cultivars as 

influenced by soil moisture at the flowering and mid-pod filling 

sta~es are presented in Table 1.7. At the flowering sta~e, soil 

moisture effect was found significant on total transpiration rate. 

Total transpiration rate was significantly higher in the irrigated 

plants at the flowerin~ sta~e. Sambal had higher rate of total and 

cuticular transpiration at the flowering stage. At the mid-pod 

filling stage, soil moisture effect on total,stomatal and cuticular 

transpiration rates were found non-significant.The irrigated Sambal 

had singi ficantly higher cuticular rate than that of the rainfed 

Plants. The stomata! t r anspiration rate was found highe~ than the 

cuticular transpiration rate in all the cases . 

Stomatal Characters 

Mean values of stomata! frequency, stomata! pore length, number 
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Table 1.7. Mean values of transpiration rates (mg cm-2 h-l) of two 
mustard cul ti vars as influenced by soil moisture at the 
flowering and the mid-pod filling stages. 

Total transpiration rate Sto1atal transpiration rate 

· Subal I Dauht I Hean Sa1bal I Dau lat I Kean 

Flowering stage 

Irrigated 9.67 7.65 8.66 6.99 6.39 6.69 

Rainfed 8.24 7.28 7. 76 6.52 5.66 6.09 

Kean 8.96 7. 4? 6.76 6. 03 

LSD at 5S ( a IO. 85, ( b) l. 25, ( c) NS, ( d I 1, 4 2 (a)NS, (b)NS, (c)l .09, (d)NS 

,. 
Hid-pod f i 11 ing stage : 

irrigated 6.26 6.55 6.41 5.44 5. 86 5.66 

Rainfed 6.40 6.59 6.50 5,89 6, I 2 6.01 

Hean 6.33 6.57 5.67 6.01 

LSD at 5S (a)NS,(b}NS,(d)NS,(d)NS (a)NS,(b)NS,(c)NS,(d)NS 

(a) = Difference between treat1ents 
lbl = Difference between cultivars 
(cl = Difference within treatment between cultivars 
ldl = Difference within cultivar between treatments 

Cutlcular transpiration rate 

Snbal I Daulal I Mean 
·- --

2.68 I. 26 I. 97 

I. 72 1.62 1.67 

2.20 1.44 

(a) NS, ( b) 0, 71, ( c) l. 4 0, ( d IO. 8 7 

2.81 0.69 0.75 

0.51 0.47 0. 49 

0.66 0,58 

(a)NS,(b)NS,(c)0.21,(d)0.19 
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of epidermal cells and stomata! index of both the adaxial and 

Rbaxial surfaces are given in Table 1.8. Although soil moisture 

pffect was not significant, stomata! frequency of the abaxial 

surface wa.s hii;(her than that of the adaxial surface. The irrigated 

plants had lower stomatal frequency than the rainfed plants. 

Stoma.tat pore lenth was also unaffected by soil moisture 

Si11;nificant effect of soil moisture on epidermal cellR of I .hr 

Rdaxial surface was found. The irrigated plants had significantly 

lower number of epidermal cells on both surfaces of Sambal and on 

t.he abax i.al ~urface of Dau lat. The irri 11;ated plants had significant­

ly higher stomatal index on the abaxial surface. The irrigated 

Samba] plants had significantly higher stomatal index than that of 

the rainfed plants on both the ~daxial and abaxial surfaces, while 

the irrigated Daulat had on the adaxial surface only, The stomata! 

index was hi~her i~ the ahaxial surface than that of the adaxial 

surface. 

Anatomical Characters of Leaves 

Mean values of leaf thickness and cross-sectional areas 

of palisade and spongy paranchyma cells are presented in Table 1.9. 

Leaf thickness was significantly higher in the irrigated plants. 

The irrigated plants showed increased thickness of leaves and mean 

c ross-sectj ona.J areas of palisade and spongy parenchyma eel ls. The 

mean cross-sectional area of spon~y cells of Da.ulat was higher than 

that of Sambal. Within the irrigated plants, Daulat had hi~her leaf 

thickness and mean cross-sectional areas of palisade and spongy 
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Table 1.8. Mean values of stomata! characters of two mustard 
cultivars as influenced by soil moisture. 

Stoutal rreqmcy 
(No. of stout& .. - 2

) 

s~1b1tl I ho!ftt I Neu 

Irrigated 162 179 170 

Raiafed 192 196 193 

Ne Ra 177 188 

LSD at 51 I a)NS, ( b )NS, I c )NS, (d )NS 

Irrigated 343 318 330 

Rai1[ed 356 319 338 

Neat 350 319 

LSD al 51 ( a)NS, (b )18, (c )RS, (d )NS 

(a) = Differeace betvm treatmla 
lb) = Oifrerme betma cultims 

Stoutal pore lengtal,..) 

Sft1bal I Dulat I Ken 

Aduial mrace 

20. 91 I 7. 81- 19 .36 

19. 41 20. 27 19 . 84 

20. 16 19. 04 

(a)NS, ( b )NS, ( c )HS, (d )NS 

Aba1ial nhce 

20. 27 18.5& 19.41 

20. 69 21.33 21.01 

20. 48 19. 95 

( a)AS, ( b )NS, (c )IS, (d )IS 

(cl : Difremce within treatmt betvm caltims 
(dl = Diffemce within cultim belma treatmts 

h1ber of ep~d!ml Sloutal i1de1 (l) 
celh 11 

Suh! I Dulat I Ken Subal I Oulftl_~e_~ _ 

524 701 m 23 20 22 

724 m 731 21 ZI 21 

624 719 22 21 

( a)NS, (b) IS, ( c )IS, ( d) 184 (a)WS , (b)RS, (c)2.0, (d) I, 7 

666 ?39 702 34 30 32 

816 916 m 30 26 28 

rn 828 32 28 

( a)135, (b )liS, ( c)NS, (d) 115 (a) 1, 8, ( b) IS, I c) RS, ( d) 3. 9 
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parenchyma cells. In the irrigated plants,all these characters were 

hi~her than that of the rainfed plants in both the cultivars . 

Table 1.9. Mean values of some anatomical characters of leaves of 
two mustard cultivars as influenced by soil moisture. 

Leaf thictneee(p •I Croes-sectional area o[ Cri>ss-sectional area
2
of 

palisade parenchy1a(p1 I spongy parenchy1a(p1 l 

SB1bal I Daulat -I Kean Sa1bal I Daulat I Kean Sa1bal I Daulat I Nean 

Irrigated 330 365 378 1000 862 931 511 394 453 
Rainfed 296 319 308 827 738 783 409 341 375 
Hean 313 342 914 800 460 368 
LSD at 5i (a)31,(b)NS,(c)28,(d)19 (a)NS,(b)NS,(c)NS,(d)NS (a)NS,(b)NS,(c)NS ,(d)NS 

(a) = Difference between treat1ents, (bl = Difference between cultivare 
le) = Difference within treat1ent between cultivars, (di = Difference within cultivar between treat■ente 

Characters Related to Flowering 

Mean effects of soil moisture on plant height, number of 

leaves a~ first flowering, days taken to first flowering and dura­

tion of flowering are given in Table 1.10. Plant height at first 

flowering and duration of flowering were significantly higher in 

the irrigated plants than that of the rainfed plants. All these 

characters were significantly higher in Samba!, except duration of 

flowering. Within the irrigated plants,plant height and the number 

of leaves at first flowering were significantly higher in Sambal. 

Within the rainfed plants, all -the above characters were signi­

ficantly higher in Sambal, except duration of flowering. The 

irrigated plants were significantly taller in both the cultivars. 

The number of leaves was significantly higher in the irrigated . 

plants than that of the rainfed plants of Sambal. 
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Table 1.10. Mean values of some characters at flowering stage of 
two mustard cultivars as influenced by soil moisture. 

Plut beight al Muber or Imes at Daya takea to Dmtio1 of. flomiag (da11) 
rint rloveri1g (c1) first rloveri1g rint floveriag 

S11bal I Daalat I Nm 811bal I Daulal_ I •eaa Subal I Daalat I •m Buba! I Dalial I Nm 

Irrigated 72.22 69.67 71.94 13. 67 II.II IZ.39 38.67 38.00 38.34 ZZ.89 20. I I 21.50 

Rai1red 64.67 59, 89 62.28 12.22 10.18 11.50 39.22 38.00 38 .61 20.22 17.11 18. 67 

Nm 68.45 64.78 12. 95 10. 95 38. 95 38.00 21.56 18. 61 

LSD at 5% (a)T .32, (b)2.8Z, (alHS,(bl0 .83, (a)IS, (b)0.55, (a)Z.19,(b)IS 
( c) 3, 99, ( d) 2, 91 (c)l. 78, (d)0.80 (c)O. 79,(d)IS (c)ll8,(d)RS 

Table 1.11. Mean values of pod abortion(%) on main axis and other 
branches of two mustard cul ti vars as influenced by soil 
moisture. 

Kaia ada 

S11bal I Danial I 
Irrigated 28.95 35,95 

Raia fed 30.81 32.32 

Neaa 29.88 34. 14 

LSD at 5% (a)US,(b)2.29, 
(c)3.24,(d)2.65 

(a)= Difrere1ce betvee1 treat1enta 
lbl = Difremce behm cultims 

Primy brucb I 

Nell Saabal I Daulat I Nm 

32.45 47,44 51.11 U.28 

31.57 51 .00 51.61 51.34 

49.22 51.39 

(a)RB, (b)RS, 
(c)NS, (dlRS 

(cl = D!trereace 1ilhi1 treatmt betrm cultima 
Id) = Dirfemce ritbi1 cultim bet,m lreatmta 

Primy bruci Z PrimJ bruci 3 

Rubal I Daalat I Nm Subal I Dulat I Neu 

51.00 58.33 54.67 54.67 59.89 Sf.ZS 

55.28 60.67 57 .98 60 . 11 6"66 53. 39 

53.U 59.50 Sf .39 63.28 

( a)IS, (b)6. 18, (allS, (bllS. 
(c)IS,(d)IS (c)IS,(d)IS 
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Flowerin~ Pattern 

Effect of soil moisture.on cumulative number of flowers on 

the main axis and the primary branches 1-3 of two cultivars is 

i-ihown in Fi.~11res 1, 18a-d. The irrigated plants had always higher 

numher of f.lowers than the rainfed plants. There was little 

vRriation regardin~ the initiation of flowerin~ on different bran­

che.R hetween ·t.reatments, except jn primary branch 3, where flowerA 

of the irrigated Sambal initiated at 44 DAS and the rainfed plants 

initiated at 48 DAS. The initiation of flowers on the main axis, 

primary branches 1, 2 and 3 were at 38, 42, 42 and 44 DAS,respecti­

vely.Flowering of the irrigated and the rainfed plants in all cases 

took place at the same time but in branch 3 it was accomplished 

later in the irri~ated than the rainfed plants in both the 

c11 l ti vars. Thus, the duration of flowering of branch 3 of the 

irri~ated plants was hi~her than the rainfed plants. 

Pod Abortion 

Mean values of pod abortion on the main axis and the primary 

branches 1-3 as influenced by soil moisture are given in Table 

1.11.Pod abortion was less in the irrigated plants than the rainfed 

Plants, thou~h they were not significantly different. Si~nificantly 

hiRher number of pods was aborted on the main axis and primary 

branch 2 of Daulat. The i.rrii;(ated Daulat had lesser pod abortion 

than the rainfed plants on the main axis. The highest percenta~e 

of d b t' was ohRerved on the primary branch 3 and the loweRt po a or . .1on 
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on the main axis in both the treatments and cultivars. 

Pod Growth 

Effect of soil moisture on pod growth is shown in Figure 

1.19. Startin~ from a lower value, pod weight increased with incr­

easin~ a~e. The irrjgated plants had increased growth of pods than 

the rainfed plants at all the sta~es of growth,except at 10 and 30 

days after flowerin~ (DAF) in Sambal and at 10 DAF in Daulat. The 

irri~ated Daulat had significantly hi~her pod growth at 20, 30, 35, 

40 and 45 OAF, whereas the irri~ated Sambal had higher pod growth 

only at 40 and 45 DAF.Oa11lat had hi~her pod growth than Samba!. 

Seed Growth 

Seed wej~ht increased with increasing age at all the stages 

of growth, except at 45 OAF in rainfed Daulat (Figure 1.20). Soil 

moisture had no si~nificant effect on seed ~rowth of both the 

cultivars. The irrigated plants had higher seed weight at 20, 30, 

40 and -45 DAF in Sambal and only at 45 DAF in Daulat. Sambal had 

hi~her seed wei~ht than Daulat . 

Yield and Y~e1d Components, Consumptive 
Water Use and Water Use Efficiency 

Mean values of plant height, length of main axis, number of 

branches/plant, number of pods on main axis, number of pods/plant, 

number O f seeds/pod, pod w·eight/plant, straw weight, 1000-seed 
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wei~ht, seed-husk wei~ht ratio, harvest index, seed yield, oil 

content, consumptive water use and water use efficiency of two 

cultivars as influenced by soil moisture are given in Table 1.12. 

Soil moisture effect was si~nificant for all the above characters, 

except the number of branches/plant, the number of pods on main 

Bxis seed-husk wei~ht ratio, harvest index and oil content of 

seeds. Sambal had si~nificantly higher plant height, len~th of main 

axis, number of pods on main axi.s straw wei~ht, 1000-i:u~ed wei~ht. 

And water use efficiency than those of Daulat. But the number of 

Reeds/pod and harvest index were s~~nificantly hi~her in Daulat 

t.h1rn Sambal . 

Plant height at maturity The irrigated plants were taller 

than rainfed plants. Sambal was taller than Daulat. 

Len~th of main axis: The main axis of the irrigated plants 

was lon~er than that of the rainfed plants. Sambal showed longer 

main axis than Daulat. Within the irrigated plants, longer main 

axis was also shown in Sambal. The lon~est main axis was present in 

the irri~ated Sambal. 

Number of branches/plant: The irrigated plants had higher 

number of branches/plant than the rain fed plants but the difference 

waR not si~ni f icant. Daul at showed higher number of J:>ranches/plant 
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thou~h it was not si~nificantly different from Samba!. 

Number of pods on main axis: The number of pods on main axis 

was hiRher in the irri~ated than that of the rainfed plants but it 

wA.s not si Rni f icantl y different. Sambal had significantly higher 

number of pods on main axis. The irri~ated Daulat had sii;(nificant.ly 

hi~her number of pods on main axis than that of the rainfed plants. 

Number of pods/plant : The irrigated plants had higher number 

of pods/plant than the rRi nfed plants. Si~nificantly hi~her number 

of podR/plant was found in the irri~ated Daulat. In the rainfed 

ronditions, 8Rmbal had h i Rher number of pods, though the differece 

wRs not siRnificant . 

Number of seeds/pod: The number of seeds/pod was signifi­

cantly higher in the irri~ated plants than that of the rainfed 

Plants. Daulat had si~nificantly hi~her number of seeds/pod. 

Pod wei~ht/plant: The irriRated plants had significantly 

hi~her pod weiRht than the rainfed plants. The irri~ated Daulat 

had hiRher pod weight, while the rainfed Daulat had lower pod 

wei~ht, though the differences were not si~nificant , 

Harvest index: Harvest index was higher in the irrigated 

plants, but ; t was not s igni f icantl Y different from the rain fed 

plants. Dau.lat had si~nificantly hi~her harvest index than Sambal. 
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Seed yield: Seed yield was significantly higher in the 

irri~ate~ plants (2240 kg/ha) than that of the rainfed plants (1042 

k~/ha). Average yield of Sambal was slightly higher than Daulat but 

the difference was not significant. In the irri~ated condition 

n,rn 1 at Yielded more seeds than Sambal but in the rain fed condition 

it yi.elded less though these differences were not significant. 

Oil content of seeds: Oil content of seeds was not Aigni fl­

c11ntly inflllenced by soil moisture. In the seeds of the irrigated 

plRnts, oil content was lower than that of the seeds of the rainfed 

plants. Dattlat yielded hii,;her quantity of oil than Samba! • 

Consumptive water use : Consumptive water use of the irrigat­

ed plants was significantly higher than the rainfed plants. Daulat 

harl higher. consumptive water use in the irrigated condition but 

lower in the rainfed condition than Sambal, though the differences 

were not significant . 

Water use efficiency: The irrigated plants had significantly 

lower water use efficiecy ( 12.04 k~ ha-I mm-I) than the rainfed 

plants (15.30 kg ha-1 mm- 1).Si~nificantly higher water use efficien­

cy was found in Daulat than Sambal.The highest water use efficiency 

was observed in the rainfed Daulat . 
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Table 1.12. Mean values of yield and yield components, consumptive 
water use and water use efficiency of two mustard 
cultivars as influenced by soil moisture. 

Plant height at aaturity (c1) Length of 11in axis (c1) Nu1ber of branches/plant 

S&1bal I Daul&t j Kean S111bal I Daulat I Kean Subal I Daulat I Mean 

Irrigated · J 80 139 160 81 61 71 5.08 5.50 5. 29 

Rainfed 170 116 143 68 48 58 4. 75 4,92 4.83 

Hean 175 128 75 55 4. 92 5,21 

l,SD at 5'.l (al15.21,(b)22.76, (a)7,l4,(b)7,18, (a)NS,(b)NS, 
(cl32,l9,(dl22,30 (c)l0, 16, (d)6.94 (c INS, (d )NS 

Nu ■ber of pods on ■ain axis Nu■ber of pods/plants Nu■ber of seeds/pod 

Saabal I Daulat j Kean Sa1bal I Dau lat I Kean Sa■bal I Daulat I Kean 

Irrigated 59 51 55 255 277 266 13, I 14.3 13.7 

Rainfed 52 40 46 146 124 135 11.9 12,6 12,3 

Hean 51 46 186 201 12,5 13.5 

LSD at 5S (alNS,(b)3.78 (a)9 .94,(b)NS (a)l.31,(b)0.83 
(c)5.35,(d)I0.16 (cl NS, ( d) 3 8, I 8 (c)l.18,(d)0.80 

Contd •• , , • , 
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Table 1. 12, (Continued!. 

Pod weight/plant (gl Straw weight/plant (gl 1000-ueed veight(gl 
Sa■ ha! I Daul at I Kean Saabal I Daulat I Kean Subal I D11ulat I Ne11n 

l rrigated 12.82 13.66 13.24 15 .14 1 I. 23 13 .24 2.80 2.30 i.55 

Rainfed 6.89 5. 74 6. 31 8.07 5.03 5.92 2.50 2.16 UJ 

Nean 9. 86 9.70 I I. 61 8 . 13 2.65 2.23 

LSD at 51 (11 )0,25, (b)NS, (a)l.88,(b)l.65, (a)0 .19,(bl0.29 
(c)NS,(d)0.92 (c)2.33,(d)l.59 (cl0,40,(dl0 .28 

Seed-husk weight ratio Harvest index (l) Seed yield (kg/ha) 

Subal I Dauht I Nean S111bal I Daulat I Ne11n Sub&l I Daulat I Kean 

Irrigated 1.05 1.06 1.06 23.H 28. 10 25 .11 2163 2317 2240 

Rainfed 1.03 0.97 1.00 23 .38 26.24 2L81 1151 933 1042 

Hean 1.04 1.02 23 .U 27 .17 1657 1625 

LSD at 51 (11)NS,(blNS, (a)NS,(b)l.90, (a)l90, (b)IS 
(c)NS,(d)0.04 (cl2,68,(d)NS (c)NS,(dl219 

Contd , , , , , , 



Table 1,12, (Continued). 

Oil content ('.l l Coneu1ptive water uee (11) 

Sa1bal I Daulat I Kean 

I rri«ated · 33, 33 33.67 33.50 

Rainfed 34, 00 36.00 35.00 
Hean 33.67 34 .8( 

~SD at 5'.l (alNS,(b)NS, 
(c)NS,(d)NS 

(al : Difference between treat1ente 
lb) = Difference between cultivars 

S111bal I Daulat 

183 189 

82 60 
133 125 

(a)55,(b)NS, 
(c)NS,(d)69 

(cl = Difference within treat1ent between cultivars 
(di = Difference within cultivar between treat1ents 

I Kean 

186 

71 
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Water use efficienc7 (kc ha-111-1) 

Subal I Daulat l Kean 

l 1.82 12.26 12 .04 

14. 0( 16 .55 15.30 
12 .93 14.41 

(a)2.65,(b)2 .12, 
(c)NS,(dl3 ,04 
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Correlat~on Coeff~c~ents Between Y~eld 
a.nd Yi.eld Components 

Simple correlation coefficients between yield and yield 

romponents influenced by soil moisture are shown in Table 1.13 . 

Association between yield and yield components of the irri~ated 
plants 

The number of pods on main axjs was positively correlated 

with the number of branches/plant. Pod wei-'(ht/plant was positively 

Rssociated with the number of pods/plant and the number of seeds/ 

pod. Thousand-seed wei~ht was positively related to plant hejght 

:rnd the n11mh1?.r of pods on main axis but ne~ati vely related with the 

n11mher of poch:;/plant and the number of seeds/pod. Harvest index was 

positively correlated with the number of pods/plant, number of 

seeds/pod and pod wei.ght/plant but ne~atively correlated with plant 

height and 1000-seed weight. Seed yield was positively correlated 

wj th the number of pods/plant, number seeds/pod, pod wei~ht/plant 

and harvest index. Oil content had no si~nificant relation with any 

of the yield component. 

Asi:rnc i at ion between yield and yield components of the rain fed 
plants. 

The number of pods on main axis was positively correlated 

with pl ant height, the number of branches/plant, number of pods/plant 

and pod wei~ht/plant. Pod weight/plant was positively associated 

with plant hei~ht and the number of pods/plant.Thousand-seed wei~ht 

was positively correlated with µLant hei~ht. Harvest index had 

ne~ative as~ociation with plant hei~ht and positive association 
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with the n11mher of seeds/pod.Seed yield showed positive correlation 

with plant hei~ht, number of pods on main axis, the number of 

pods/plant, pod wei~ht/plant and harvest index.Oil content of seeds 

had positive relation with the number of seeds/pod and negative 

relation with plant hel~ht and the number of pods on main axis. 
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Table 1.13. Simple correlation coefficients between yield and yield 
components ( upper diagonal irrigated and lower diagonal 
rainfed values). 

PIAnl N01ber of Nuber of Nu1ber of Nuber of Pod weight/ IO00-aeed Hamal Seed Oil 
heigH al bmchce/ pods on pode/planl mde/pod pl ant reighl i adex rlr.id r.onleDI. 
aalur i ty phat ui1 axie 

( 11 (2) (3) ( 4) (5) (6) (7) (8) {9 I (IO) 

I -0, 01 0.5Jt -0, 02 -0.21 o. 12 0,580 -0.600 o. 13 -0. 35 

2 -0, 06 -0.46* o. 29 0.05 0. 37 -0,06 0. 10 0. 33 -0. 24 

3 o.wu -0. 45 * 0. I I -0. 01 o. 14 0.44* -0.19 0. 18 0.10 

4 0. 34 o. 08 0.54• o. 36 0.91*** -0.Ut 0.48* 0.90Ht -0. Of 

5 -0,35 0.16 -0,30 -0. 03 0. 46* -0,43t o.m o. 48* -0.02 

6 o.m -0.03 o.m 0.82t0 0.24 -0.24 o. 49* 0.99.U -0.11 

1 o.m -0.22 o. 10 -0. 15 -0.06 0.23 -0.63U -0. 27 -0.08 

8 -0 . 48* 0.30 -0. 35 o. 26 o.mu 0.38 -0, 09 0.S5U 0. 19 

9 0.39* 0.06 0,39t 0. 79*** 0.30 0, 98tU o, 21 0, 48* -0, IZ 

10 -0.61U 0.21 -0.610 -0.28 0.40* -0, 17 -0. 38 0.21 -0.H 
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of mustard is under 

the control of many environmental factors;soil moisture is one of 

Like any other crop, growth and yield 

them.In a strict sense mustard is an irrigated crop (Andrews,1972), 

P roner maintenance of so1·1 mo· t · th ... 1s ure 1n e crop encourages its 

«rowth and development and ultimately reflects to the yield. 

Althou~h the use of exponential polynomial equation in ~rowth 

nnalvsis .is advocated (Hurd, 1977; Hunt, 1978; Sivakumar and ShRw, 

1~781 due to the difficulty of selectin~ the degree of polynomial 

to be fjtted, Nicholls and Calder (1973) su~gested a statistically 

ohjective method. However, a serious problem arises when unequal 

rl02rees of polynomials describe the relationship between lo~ dry 

wei~ht and lo~e leaf area with time in different sets of data 

under comparison. The main reason is that this results in strongly 

dissimilar patterns of derived growth parameters such as CGR, NAR, 

etc., for which no physiological explanation can be offered. There­

fore, Hurd {1977) and Hunt (1978) sug~ested the use of simplest, 

quadratic relationship for all cul ti vars or treatments under 

comparison, and the same was followed in the present work. A close 

a~r.eement between the harvest interval and curve-fitting method in 

the present work, also su~~ests that the selected polynomial 

adequately described the data except the dry weight. 

The results of the present study showed that total dry matter 

Production was si~nificantly greater in the irrigated plants. 

Similar result was reported by Khan and A~arwal (1985), Mandal et 
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aJ,(1986), Singh et al.(1987) and Haque et al. (1987) in mustard, 

Kro~rnan and Hobbs (1975) and Clarke and Simpson (1978 a) in rape, 

Nageswara Rao et al.(1985) and Srinivasan et al,(1987) in groundnut 

and Farah (1981) in field beans. The increase of total dry matter 

was due to increased LAI in the early stages (Watson, 1947) in the 

irrigated plants. Total dry matter increased slowly at the early 

ve~etatiVe phases but increased rapidly with the advancement of th~ 

~rowth period (Figure l .1). The rapid increase of total dry matter 

at the later staRes was due to green stem and pod photosynthesis 

(Sc ott et al., 1973). The quadratic polynomials predicted dry 

weights to drop just pr i or to maturity,while the actual dry weights 

c ontinued to increase. It may be attributed that cubic polynomials 

was most appropriate expression for fitting dry weight data. 

Significantly higher LAI was found in the irrigated plants 

(Figure 1,2).This result corroborates the findings of Manda! et al. 

(1986) in mustard and Clarke and Simpson (1978 a) in rape. Similar 

result was also reported in several plants other than Brassica,like 

barley (Kirby,1969), sorghum ~Constable and Hearn, 1978; Sivakumar 

et al.,1979 and Rabindrnath and Shiv Raj, 1983), sunflower (Connor 

and Jones,1985) and peanut (Nageswara Rao et al.,1988).The increase 

of LAI occurred due to increase of the leaf expansion in the 

irrigated plants. Soil moisture increased turgor pressure in the 

cells and turgor forces played a part in the process of leaf 

expansion (Hsiao and Acevedo,1974), With the increase in the level 

of irrigation, uptake of nutrients was more hence more expansion of 

leaf took place (Mandal et al, ,1986). Soil moisture increased the 
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relative leaf water content(RLWC) (Figures 1 16a b) h' h · d • , w 1c increase 

cell expansion and ultimately leaf area increased. Reduc~d LAI in 

the rainfed plants may be caused by the faster rate of leaf 

senescence and reduced number of leaves. Water stress is known to 

hasten leaf senescence (Asana, 1961) and reduces the number of 

leaves (Sivakumar and Shaw, 1978 and Turk et al., 1980). Mare and 

Palmer (1976) found that the total number of leaves produced by the 

primary stem of sunflower was reduced due to water stress .This may 

be due to the inhibition of the initiation and differentiation of 

leaf primordia due to water stress.Starting from a lower v alue,LAI 

reached a certain peak and then declined throughout (Figure 1.2). 

Senescence and abscission of the older leaves caused the depletion 

of LAI at the later stages. The pattern of LAI obtained from curve­

fitting method was similar with that of the original data. This is 

due to the best fit of the leaf area data in the quadratic 

polynomials. 

The irrigated plants had significantly higher LAD in both the 

cultivars. Hi~her LAD of the irrigated plants was due to higher LAI 

for a longer period. Krogman and Hobbs (1975) found that irrigation 

of rape slowed the senescence of leaves and thereby increased the 

total green surface area of the plants. Constable and Hearn (1978) 

reported that soil water deficit during pod filling in soybeans 

caused early leaf death . The pattern of LAD calculated from curve­

fittin~- method was closer to that calculated from the original 

data. The best fitness of leaf area data in the quadratic 

Polynomials is the cause of this similar pattern. 
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Sl.dnificantly hidher CGR was f d · th · - ~ ~ oun 1n e irrigated plants at 

almost all the stages of growth in the present investigation 

(Fi.Q;ure·l.4a). Higher CGR in the irrigated plants was also observed 

by Clarke and Simpson (1978a) in rape and Srinivasan et al.(1987) 

in •roundnut. Rabindranath and Shiv Raj (1983) reported that the 

CGR values reduced considerably with water stress. Higher CGR in 

the irrigated plants was due to hi.Q;her production of dry matter 

owin~ to higher LAI. CGR calculated from the quadratic-fitted data 

increased up to a certain peak and decreased thereafter giving 

uncharacteristically negative values late in the season ( Figure 

1.4b). CGR is the most meaningful ~rowth function, since it 

represents the net result of photosynthesis, respiration and canopy 

area interactions. As noted by Williams et al. (1965), CGR is also 

representative of the most common agronomic measurment, i.e.,yield 

of dry matter per unit land area. 

The irrigated plants had higher RGR at several stages of 

growth in both the cultivars but significantly higher only at (41-

48) DAS in Daulat. This result corroborates the finding of El Nadi 

(1969) and Nerkar et s.1.(1981) in Vicia faba. Richards (1978) found 

that RGR was reduced in more severe drought treatment in rape. RGR 

in the irrigated plants increased because of the increase·of LAR,as 

LAR is a component of RGR. In the present study, RGR declined with 

increasing age and plant dry weight.Similar result was reported for 

RGR in · Dactylis glomerata (Eagles, 1969; 1971), in rape (Clarke 

and s_impson, 1979) and in Pennisetum americanum (Chanda et al., 
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1987). It had been su~~ested that the decrese in RGR could be 

attributed to selfshadind of low 1 b ~ er eaves y upper leaves (Thorne, 

1961). The decreasind trends · RGR 'th ~ 1n w1 age was mainly due to 

the decline in LAR (Chanda et al., 1987). The tt pa ern of RGR was 

similar in both the curve-fitting and the classical methods. 

At the early stflgeR NAR values were 9JjghLJy high<"r in UH' 

irrigated plants, but at the later stages it was significantly 

higher in the rainfed plants. Due to higher LAI, NAR was lower 

in the irrigated plants (Watson, 1952; Donald, 1961 ; Harper, 1963 

nnd RePs, 1963). Watson (1958) has attributed the decline in Ni\R 

to increased mutual shnding ~f leaves, resulting in reduced photo­

synthesis. Higher NAR due to higher soil moisture was found by El 

Nadi (1969) and Nerkar et al.(1981) in beans and Rabindranath and 

Shiv Raj (1983) in sorghum. Soil moisture effect in the present 

study (Figures 1.6a and 1.6b) showed that very little increase or 

depletion of NAR was found at the early stages but at the later 

stages it increased very sharply.A similar occurence was evident in 

Brassica napus(Allen and Morgan,1972,1975) and in soybean (Buttery, 

1969; Koller et al., 1970). The increase of NAR at the later stages 

may be due to decreased leaf area and increased stem and pod 

photosynthesis. The upswing in NAR occurred after the cessation of 

flowering, and after maximum pod area would have occurred (Tayo and 

Morgan,1975). InanMa and Kumara (1974) reported that maximum photo­

synthetic rate of rape occurred before the establishment of maximum 

pod area, after which the photosynthetic rate of all plant part9 
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declined. As a result,the observed upswing in NAR can be attributed 

to a sudden increase in photosynthetic contribution by pods. Koller 

et al.(1970) su~gested that the observed upswing in NAR of soybean 

was the response of the photosynthetic apparatus to increased 

demand for assimilates by the rapidly growing seeds. Results of 

Thorne and Koller (1974) have shown that assimilate demand has a 

marked influence on sourc e-leaf photosynthesis, and formAtion And 

export of carbohydrates in soybean. In Brassies napus, there is a 

rapid increase in seed wei~ht late in the ripening phase (Norton 

Rnd Harris, 1975); this effect would have provided the hi~h Rink 

rl e mand which in turn inc reased photosynthetic activity. The pat t rrn 

of NAR calc11lated from curve-fitting method showed a close corr~s ­

pondence with that calculated from the original data (Figures 1 . 6a 

and 1.6b). 

The irrigated plants had higher LAR values at most of the 

stages of growth, but in Daulat it was significantly lower at 20 

DAS. In Vicia faba, Nerkar et al. (1981) found that LAR increased 

wi th the increased level of soil moisture. Higher LAR in the 

irrigated plants may be due to increased SLA and LWR, since SLA and 

LWR are the two components of LAR. LAR values declined sharply with 

plant a~e in both the treatments ~nd cultivars. Wallace and Munger 

(1965) reported that i n dry beans LAR was highest during ·the early 

· t and later decreased rapidly with advancement of vegetative sage 

a~e. The pattern of curve-fitted LAR was similar with that of the 

original data. 
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Si J;tni ficantly hiJ;ther RLGR was found in the irrigated plants 

of Sambal at (69-76) DAS and of Da~la.t at (27-34) and (48-55) DAS. 

si~nificantly lower RLGR was found at (55-62) DAS in sambal and at 

(69-76) DAS in Daulat. Richards (1978) reported that RLOR was not 

affected by drouMht stress in rape. The maximum RLGR was found 

~t (20-27) DAS in both the cultivars and treatments and then 

rleclined with increasin~ a«e . Similar decline of RLGR was found in 

i:;oybean (Buttery, 1969); i.n blackgram ( Pandey et a .1., 1978) and in 

pearl m.i llet ( Chanda et al. , . 198 7). Much of this decline can be 

Bttributed to self-shadin~ at the early stages and abscission and 

Renescence of leaves at the later sta~es. Saha (1983) observed a 

positive relation between RLGR and LAR in jute. So, due to 

,frcline of LAR, RJ..GR would have been declined. RLGR values obtained 

from the curve-fittin~ method drifted with increasing plant age and 

also with increasin~ plant weiMht (Fi~ures 1.8b and 1.12). 

The irri«ated plants had significantly higher SLA at 34, 48, 

55 and 62 DAS in Sambal and at 34 and 55 DAS in Daulat (Figure 

1.9a). Hi~her SLA in the irrigated plants may be attributed due to 

less number of cells per unit leaf area and •lower compactness 

between cells. SLA increased slightly at the later stages of growth 

in all the treatments and cultivars except that in the irrigated 

n,wlat. The increase of SLA at the later stages may be due to 

translocation of assimilates from the leaves to the sink organs. 

Chanda et al, (1987) observed that SLA values decreased with 

increasin~ plant dry wei~ht in pearl millet. 
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In the present experjment, the LWR values of the irrigated 

n_lants were significantly_ dreater t 48 d 55 ,, ~ a an DAS in Samba! and 

55, 62, 69 and 76 DAS in Daulat (Figure 1.10a). The increase of LWR 

in the irri~ated plants may be attributed due to increased leaf 

weight. LWR values declined very. sharply with increasing plant 

Rge and plant dry weight. Strong drift of LWR with increasing plant 

rlry weight was reported by Chanda et al. (1987) in pearl millet. 

ThP decrP.Ase of l.,WR WA.~ <:n.uRed by inereARed plnnt dry weis.(hl . 

nnrl decrc--ased LAI at the .later stages. 

Cnrr~lation anal.ysiR indicated that the pre-flowerin~ CGR WRS 

roRitively corr0]ated with pre- flowering LAI and negatively corre­

lated with RGR. and NAR A.t the pre-fl.owerini;( staie of the rainfed 

plants (Tab.le 1.4). This indicat~d that soil moisture had a direct 

effect on the association between CGR and LAI of the pre-flowering 

Rtage. CGR at the post-flowering stage of the rainfed plants showed 

poRitive correlation with the post-flowering LAI and negatively 

correlated with NAR (posf-flowering) and LAR (pre-flowering).Pandey 

et al.( 1981) observed a positive relation between CGR and LAI in 

cowpea. Post-flowerin~ RGR (irrigated) was negatively correlated 

wjth LAT at the pre-flowerin~ stage. This indicates that RGR 

rlAcreased with increasjn~ LAI at the pre-flowering sta~e of the 

irrigated plants. NAR (pre-flowerin~) was positively correlated 

with LAI at pre-flowering stRge in the irrj~ated plants. NAR (post­

flnwering) was positively correlated with LAR (pre-flowerin~) 

nnd ne~atively corre]aterl with LAR at post-flowering in both the 

treBtments. Post-flowerin~ NAR of the rainfed plants was also 
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correlated ne~atively with the post-flower1.'nn LAI Th' l t' h' , • "" , 1s re a 1.ons 1p 

poRtulates that with decreasing LAI in the rainfed plants NAR 

post-flowerin~ stage. Thurling (1974) and Tan et in<' reased at the 

n/.(1978) reported that NAR was ne~atively correlated with LAR and 

LAT. Seed yield was positively correlated with LAI at the pre­

f' I 0werin~ stA.~e and CGR r1nd NAR at the post-flowering stage in 

thP irriRRted plants. But in the rainfed plants, seed yield 

w:i$ posit ivel:v correl.f.lU:!d with LAr and CGR at the posl-flowerin~ 

qtnee and ne~atively correlated with NAR at the post-flowerin~ 

and LAR ::tt the Pre-flowerini,; stRi;;tes (Table 1.4). Seed yield WRH 

found si i:?ni fi cantly correlated with LAI in mustard ( Reddy and 

Sinha, 1987 And Chaturved i et 1:11., 1988) and with RGR, NAR a.nd 

l.\\lR. in R. campestr.is and with LAI and LWR in B. napus (Thttrlin~. 

1974).In other crops also, the growth attributes like LAI and LAD 

had positive correlation with yield (Thorne, 1960; Saini and Das, 

1979). 

Developmental factors ~ffectin~ the accqmulation of dry 

mAtter and subsequent partitioning of assimilates are of great:. 

importance in determinin~ the final yield in crops (Watson, 1971; 

Wareine and Patric, 19751. In the present investi~ation, the 

pP,rcentai:?e of OM accumulation for stem + petiole was lower at the 

PRr]y staies. at the middle sta~es it increased and then g~adually 

rlP,creased with time (Figures 1.14 and 1.15). Percentage of DM 

nccumu.lation for stem+ petiols was lower i.n the irr .ii;(ated plants . 

DM accumulation in the leaves was found highest at the initial 

~taee and ~rA.dun.J.ly declined with increasini;( time and at 83 DAS it 
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hPcame zero. The irri~ated plants accumulated higher percentage of 

PM for leaves, The irrigated plants had hi~her percentage of DM for 

buds + f.l owers • Pods accumulated DM first at 48 DAS and gradually 

in~reased with a~e. The rainfed plants had higher accumulation of 

DM for pods, Similar result were reported in rape ( Kro~man and 

Hnhhs, 1975); in soybean and sor~hum (Constable and Hearn, 1978); in 

l'ittnn r11djat;a. (Na~arA..iah and Schulze, 1983) and in groundnut. 

(SrinivMrnn Pf: 8/. , 1978 ). Al. Jen <>t 1.d. (19711 Hlli;(i;(eHted t.hn.t pndH 

of rape produce the ass:imi"Jates for their own development and for 

I.he seeds they contain and that the effect of leaves in seed growt.h 

iR minor and indirect. How<->ver, Hozyo et al.(1972) and ~reyman 

0 t 81.(1973),who traced ass i milates from the leaves to the seeds, 

RIH) W<-> d that leaves do c ont.r i bute to seed format i on . Soil drought, 

r Prl11ced partitioning in t o leaves but increased partitioning in to 

st.ems (NR.gara.iah and Schulze, 1983). In sorghum and soybeans, the 

significant loss in stem dry wei~ht during grain filling suggests 

t.hat there could have heen reallocation of dry matter from the 

st.em to the developin~ gra i n (Constable and Hearn, 1978). 

In the present study, t.he i rri~ated plants had higher RLWC 

t han that of the rainfed plants. Similar result was reported by 

RAja and Aishnoj (1990) in rape and Joshi et a1.(1988)in groundnut. 

Me hrotra et a l . ( 1969) found that with increased soil moisture 

r e lative turgidity increased. Sivakumar et al.(1979) observed less 

negative l~af water potential in the irrigated plants than that of 

I.he raj n fed sorghum. Avera~P- relative tur~ id i ty attained the mini.mum 

l · 1 moisture tension and the maximum value at vn ue a t h:i gher sol 
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lower soil moisture tension (Nayak et al. ,1983),The higher RLWC WI\S 

associated with higher dry matter production rates of the irrigated 

plants because cell turgidity is important in relation to the 

openin~ and closing of stomata, expansion of leaves and flowers and 

movement of water and nutrients to various parts of the plRnt 

(Kramer,1.969). Wein et al.( 1.979) reported that the water potentiRI 

decreased with increasjnJ;( soil moisture stress in Vi1;na. Th<->Y 

s11J;(J;(ested a increase in the plant resistance to water flow as soi I 

moisture stress increased, which would help in maintaining suj tnhl e 

plant water status. But H11.l.l. and Schulze (1980) exhibited that thP 

p.l ant resistance to water flow definitely increased in Vigna wi t.h 

soi. 1 moisture stress. In Lhe morning and afternoon, RLWC rem.<i i 11d 

higher but at noon it decreased ( Figures 16a and 16b). The decrease 

of RLWC at the midday may be due to higher evapotranspiration 

owing to increased temperature and light intensity. 

Chloroghyll a and bare the most important pigments active in 

the photosynthetic processes. In the present experiment, chloro­

phyll a, b and total chlorophyll slightly increased in the irrigated 

plants at the mid-pod filling stage, but the difference was not 

significant (Table 1.5). Hussein (1973) reported that water regime 

had no significant effect on the concentration of total chlorophyll 

in the leaves of cotton. There was an increase in the percenta~e of 

chlorophyll in the leaves of cotton with decreasing water stress nt 

different periods of plant growth (EJ-Fouly et aJ.,1971; El-Saidi 

and El-Mossallami, 1972). There was an increasing concentration of 

total chlorophyll,chlorophy.ll a anri bin the leaves of cotton with 
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R decreasing in the amount of available moisture depletion before 

irrigation at the early stages of growth and at the later stages 

of growth chlorophylls were highest at the 70% · available soil 

moisture before irrigation (Moursi et al.,1976). 

The rainfed plants a ccumulaLed significantly hi~her amount. of' 

prol i ne than the i rd gated plants at. both the flowed ng anrJ m j rJ-pod 

filling stage s. Praline content increased at the mid-pod filljng 

i=:LA.ge than the flowering stn.ge (Ta ble 1.5). Increased praline ar:c11-

m11la ti on in the stressed plants was found in sorghum ( B L11m And 

Eberc on, 1976), in whe11t (Quarrie, 1980) and in foxtail mil IP!. 

( Nnras :i mha Ra o and Shiv Ra j , l 985). But. no re] at ionsh i p was obse rvr>rl 

by Richards ( 1978) in rape between the amount of proline acc11mu] al .ed 

and the water status of the leaves, nor between the proline content 

in turgid and wilted leaves of the same cultivar. In sorghum,leaves 

of water-stressed field-grown plants accumulated prol ine to a lev e 1 

of several times greater thRn that in non-stressed plants (Waldren 

et al., 1974). Stewart et a .l. (1966) and Blum and Ebercon (197fi) 

suggested that the accumulated proline could also serve as R 

readily ava i lable energy and nitrogen source for use upon the 

relief of stress. Accumulated proline may be oxidized and serve BR 

~ source of energy, especj a lly when carbohydrate content is low 

(wa ,, 1968· Oakse ·t al., 1970 and Stewart, 1972). Howev~r Hanson JlF> 1 • I 

(1979) suggested that the free proline accumulated in response to 

water stress was inert and played no cellular role . Prev i 011R 

c on,iectures have projected pro line: (a) as a detoxifying agent, 

rendering harmless NIIJ r·f.'leased by proteolysis (Kemble et Al., 
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1964), but experimental evidence has discounted this role (Blum 

and Ebercon, 1976); (b) as a temporary storage compound for N, 

providing a major and readily available source of energy and N 

for post-stress recovery (Stewart et Bl., 1966; Blum and Ebercon, 

1 976); and ( c) as a hydroph i lous agent for ma intaini.ng the col loicln I 

properties of cell protoplasm against the extremes of dehydratinn 

(Protsenko et a .Z.,1968). More recent evidf'-'nce suggests t.hAt-. prol in<' 

mRy confer protection on some mitochondrial and soJubilized enzymrs 

ngainst heat instability (Nash et n.7.,1980). BeneficjAl as they mn~1 

hP, these proven and unprovrn cellular role of praline are usunl I~ 

l.o SR.ti sfactorily acco1rnt for the agronomic expression of dro11~ht. 

S j gn if icantl y high'=' r sugar accumulation was found in the 

rainfed plants at both the flowering and mid-pod filling stages 

(Table 1.5).Sugar content increased at the mid-pod filling stage 

Lhan the flowering stage.Stewart (1971) and Narasimha Rao and Shiv 

Raj (1985) reported that sugar accumulation increased as a result 

or water stress. The soluble sugars were significantly higher in 

both the unirrigated sunflower and sorghum plots than in the 

.irrigated plots (Turner et; Bl., 1978). Easten and Erg1e (1948) 

s11ggested that starch would be converted into sugars under stress. 

Su~ars a re A.] so known to t=: f-..•tbil i ze pro t.op lasmic membranes· (Larson, 

1975). 

Relative leaf water content (RLWC) at which stomatR. closed 

w:.is not significantly aff0cLed by soil moisture trentm~nl. (Tablr 
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1.6), Similar result was reported by Nazrul-Islam and Yasmin (1982) 

in tomato. Bannister (1964) has shown that Calluna vulgaris from 

dry sites had a lower relative turgidity at stomata! closure than 

those from wet site. The water potential for stomata! 1 c osure w1:ts 

significantly correlated with the osmotic potential of the leaves 

at stomata! closure,i.e., as the osmotic potential of the leaves 

decreased the leaf water potential for stomata! closure decreased 

(Turner et 1.11.,1978). 1'he irrigateri planLs took significattl.ly mn r·,·· 

time to close their stomata at the flowering stage (Table 1.6). 

Stomata of the plants of moist sites took more time to close than 

that of the dry site (Nazrul-Islam and Yasmin, 1982). In sunflower 

and sorghum, Turner et td. ( 1978) observed that time for stomata] 

closure was greater in the irrigated plants than that of the unirr­

igated plants. In the present investigation, Sambal closed its 

stomata well before Daulat. As the quickness of stomata! closure is 

a means of drought tolerance, Sambal is more resistant to drought. 

At the flowering stage, total transpiration rate was signfi­

cantly higher in the irrigated plants. Stomata! and cuticular 

transpiration rates were not affected significantly by soil moistu ­

re treatment.Significant effect of soil moisture was found on total 

and stomata! transpiration by Nazrul-Islam and Yasmin (1982) in 

tomato and Nazrul-Islam and Alam (1986) in jute. Joshi et al.(1988) 

observed higher transpiration rate with stress-free plants than 

that of the stressed-plants of groundnut. Transpiration rates were 

similar in the irr igated and the unirrigated groundnut (Black 

e t; al.,1985). 
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Stomata! characters are known to be associated with co
2
-

exchange rates (Dornhoff and Sh'bl 1976) 1 es, . Soil moisture had no 

significant effect on stomata! frequency and pore length on both 

the surfaces of leaves. The epidermal cells decreased and stomata} 

index increased significantly on the abaxial surface of the irriga­

ted leaves, Although soil moisture had no significant effect, 

stomatal · frequency of both the surfaces decreased in the irri~nterl 

plants.Similar result was noted by Ciha and Brun (1975)in soybeans. 

Penfound (1931) reported fewer stomata/unit area when plants were 

grown under optimum soil moisture conditions compared with plants 

grown under water stress conditions. The decrease in stomntAl 

frequency with water supply suggests that increased leaf expansion 

due to enlargement of cells caused this decrease, A greater 

stomata! frequency was observed on the abaxial surface than the 

adaxial surface. Similar results were also observed in Vicia faba 

(Nerkar et al. ,1981), in soybean (Miller,1938; Dornhoff,1971; Teare 

and Kanesasu, 1972; Ciha and Brun, 1975). 

Thickness of leaf was increased significantly in the irriga­

ted plants (Table 1.9). Mean cross-sectional areas of palisade and 

spongy parenchyma were higher in the irrigated plants than the 

rainfed plants but the variations were not significant.Begum (1991) 

found that leaf thickness,mean cross-sectional area of palisade and 

spongy parenchyma increased with irrigation in mustard.The increase 

of leaf thickness may be due to increased cell size of the planLR. 

Due to increased RLWC in the irrigated plants, cross-sectional area 

of mesophyll cells increased, 
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Plant hei~ht at first fl · 
· owerin~ and duration of flowerin~ 

were si~nificantly increased and the number of leaves at first 

f I oweri ni;t and days taken to first fl · · ower1nf;( were unaffected by soil 

moisture (TabJe l.10). Increased h · ht f 
e~~ o stem may be caused for 

inc.reaRPd elon~ation of the cells due to hif;(her tur~idity (Allen 

pf: R7,,197fi; VivekanandA.n and Gunasena, 1976). Longer duration of 

flowerin~ for the irri~ated plants may be due to delayed termina­

l ion of' flowPrini;t. 'l'hiA delFtyin" m0 v t~ "A.\J :I h ' • h f' ,., "'· >r. , , AP.< AA I J,t,1er nnm ~ r n 

flower buds were initiated in these plants which took lon~er time 

to open. 

[rrigRted plants had always hi~her cumulative number of 

flowers on the main axis and the primary branches 1-3 than t.he 

rainfed pl.ants (Fi~ures l.8a-d). In the primary branch 3, duration 

of flowerjn~ was shorter for the rainfed plants. The initiation and 

different. i a ti.on of reproductive primordia and further development 

of the differentiated cells are sensitive to moisture stress 

(Slatyer, 1973). Moist.11re shorta~e at final differentiation may 

result in defective floral or~ans, sterility, reduced number of 

flower~ and failure of flowers to open (Slatyer, 1973). 

The percenta~e of pod abortion was hi~her in the primary 

branches of the rainfed plants, but the difference was not si~nifi­

cant (Table 1 .11 ). The c ause of pod abortion may be due to sheddin• 

of flowers. Some f Lower-sheddini;t may be due to competition between 

a lar~e numher of flowers and metabolic products and root activity 

in relation tn sal.t And wA t er Absorption may be retarded durin~ the 
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f 1 ower i ng phase ( Lochwin~, 1940). El Nadi ( 1969) reported that a WE> t, 

re~ime durin~ the flowering phase significantly reduced the 

jntensity of flower shedding,but a dry treatment during this stage, 

the incidence of flower shedding was aggravated to a considarable 

extent. It is likely that the efficiency of water transport and 

mi.neral uptake is reduc ed during f.lowed.ng and thi's · 1 ,.J 1s aggrava . e11 

under conditions of water stres!'l. 

The irrigated plants showed higher pod growth rate. Kaufmann 

(1972) ~tated that reduction 1n fruit size was caused by water 

deficiL during the period of fruit enlargement. Pod growth ratP 

nnd the y i eld of seeds are not simple functions of l e af Area index 

and that sources of materials other than the leaves are important 

in affecting the yield of pods and s eeds (Milbourn and Hardwick, 

I 968). 

In the prese nt inve s tigation, h i gher rate of seed growth was 

observed in the irrigated plants at 20, 30, 40 and 45 DAF in Sambal 

a nd at 45 DAF in Daulat, but the defference was non-signifi c ant 

(Figure 1.20).The increa se in dry weight of grains was significant­

ly affec ted under water stress in sorgham (Narasimha Rao and Shiv 

Ra,j,1988). Wa rdlaw (1967, 1968, 1971) concluded that reduction in 

Rrai n yield und e r stre s s wa s not due to e ffec ts on photosyntheti c 

rate but due to vein loa ding. However, Begg and Turner (1976) 

c onclude d t hat r e duction in translocat ion cause d by wate r stress 

wa s due to r e duced photosynthesis or sink growth but not due to 

e ffect on conducting system, 
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Plant hei~ht at maturity_ , lennth f 
.., o main axis, number of 

pods/plant, number of seeds/pod, pod · h / 
we1g t plant, straw wei~ht, 

1000-seed we.i~ht and seed Y • .i eJ.d were · · s1gn1ficantly hi~her in the 

irriRAted plants (Table 1.12). s · ·1 
L 1m1 ar results were reported by 

some other workers in must.<lrd anci rape, Signifiantly higher plant 

hr~ i i:i:ht, number of hrA.nches/p I.ant, number of pods/plant and b num . er 

0f RPPds/pod were found in mustard (Joarder et aJ.,1979; Ba,jpai pf, 

n/. ,1981: Sin~h pf; R/. ,1987 anrl RP.rldy And SinhA., 1987) irnd in rnp<' 

(Mnini et Bl. ,1964; KroEl:man and Hohhs,1975; Clarke and Simpson 

,1978 h and Rh:rn et n/.,1980). But Bhati and Rather (l982) and 

Ch::iniara Rnr.l 0amor (1982) found no significanteffect. ofsnil 

mnist11rP on plrinl·. height, number of hranches/plant and 1000-seer.1 

WP i El:h1. in mui:;U\rd. 

Seed yield was significanly higher in the irri~ated plants . 

~imilar result was observed by Mathur and Tamar (1972), Joarder et 

1.11.(1979),Bhan (1979), Chaniara and Damor (1982), Mandal et sl. 

(1986), Singh et sl. (1987), Reddy and Sinha (1978) and Reddy 

Pt 1.1/. (1988) in mustard and by Maini et al. (1964),Banerjee et al. 

11967), Clarke and Sjmpson( 1978b) and Bhan et al.(1980) in rape, No 

significant. effect of soil moisture on yield was found in mustard 

hy Bajpai et aJ.(1981) and Bhati and Rathor (1982) and in rape by 

Wn.nkhecle et 117.(1970). Soil moisture had no significant effect on 

oil content of seeds ( Tab I e 1 . 12). S .i mi .I ar resu] t. was found in 

m11i:;ta.rd(ChaniA.rA. and 0amor, 1982 and Bhati and Rathor, 1982) anct 

in rape (WRnkhP.dP et al.,1970). Oil content of seeds was higher 

in the irril!aterl plant,s in rApe (Ah,=rn et al.. ,1980) and .in i;troundn11t 
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(MP.hrotra et Bl.,1969). There was a s1 1·dht · 
- -~ 1ncrease in oil content 

11 p to one irri~ation and then declined a little with increasini;( 

number of i rri ~at.ions ( Raner.iee et al., 1967). 

Consumpt. i ve water use increased and water use eficiency 

rlPcreRsPd with irri~ation (Table 1.12). Similar relult was also 

rPported by Sineh ~nd Sineh I 1978), Bhan (1981) and Reddy et 8 J. 

11988). The lower Wilt.er 1n:;e efficiency w.ith hi~her Roil moiAt.11 r,­

R1--Rtus was rlue to proport ·i onate ly more increase in evapotranspi. r11-

t. ion than 1. he increase in seed yield. The increased frequency of 

i rri eat ion increased the amount of moisture use as well as water 

111=:e efficiency in rape (Rhan et al. ,1980). 

The correlation coefficients showed that 1000-seed weii;(ht was 

positively correlated with the number of pods on main branch and 

neRRtively correlated with the number of pods/plant and the number 

of seeds/pod in the irrieated plants (Table 1.13). This indicates 

that. 1000-seed weiRht is increased with increasing number of pods 

nn main hranch but. the relation is reverse in case of the number of 

pods/plant and the number of seeds/pod. Clarke and Simpson (1978b) 

found a neRa ti ve correlat.i on of 1000-seed wei i;(ht with the number of 

·pods/plant and the numher of seeds/pod. Irrigation affected 1000-

1=:eed wei~ht, probably because of a combination of their effects on 

RRsimilate supply and distribution in the plants. 

Seed yield in the present investii;(ation was positively 

r.orre lated wi. th the number of pods/plant1 pod we ight/p Lant and 
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harvest index in both the treatments and number of 
seeds/pod in the 

1·.rridated plants only (Tabl 1 13) Cl 
n e • • arke and Simpson (1978b) 

reported that seed yield in the high 1·rr1.·g t d 1 t a e pans of Brassica 

napus was positively associated with 1000-seed weight and negative­

ly related with the branches/plant and the number of seeds/pod. 

Seed yield was positively correlated with the number of pods/plant, 

the number of seeds/pod, the number of primary branches/plant 1tnd 

pod weight/plant (Reddy and Sinh1t,1987). Ojl content of the rainr,,d 

plants was positively associated with the number of seeds/pod and 

nP.gatively with plant height and the number of pods on main 

nxis but no relation was observed in the irrigated plants. 

The overall results of the present experiment indicate that 

TDM, LAI, LAD and some growth attributes like CGR, LAR, RLGR, SLA 

and LWR were increased s i gnificantly by soil moisture. Seed yield 

was correlated with LAI, CGR and NAR in the irrigated plants. 

Proline and sugar contents were significantly higher in the rainfed 

plants and increased with increasing ~ge. The irrigated plants had 

higher leaf thickness, plant height at first flowering, duration of 

flowering and number of flowers. Yield and yield components like 

plant height at maturity, length of main axis,number of pods/plant, 

number of seeds/pod, pod weight/plant, straw weight, 1000-seed we.i gh t 

and seed yield were fo11nd significantly higher in the .irrigated 

plants.Seed yield in the irrigated plants was positively correlaLPd 

wJth the number of pods/plant, pod weight/plant, number of sePdR/ 

Pod and harvest index. Therefore, optimum soil moisture treat.m<>nt 

may be recommended and select i.on should be based on l I. 
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c hArA.cters for better Yield. Proline and su~ar accumulation and 

Reed yiel.d of Sambal were hi.~her in the rainfed condition, whereas 

t.hese charact.ers of Dau.1 at were h.i ~her in the irrigated condition. 

'1'h1tR, OA.111 f\t-. i.s more s11s c eptih.l.e to water stress than SambR..I. 

Therefore, to ~et hi~her y i eld, Sambal may be recommended for 

c iiltiv8tion in the rAinfed condi.tion and Daulat in the irrigated 

condition. 



EXPERIMENT 2 

EFFECT OF SOIL MOISTURE AT 

SPECIFIC STAGES OF GROWTH ON 

DRY MATTER PRODUCTION AND YIELD 

OF MUSTARD ( BRASS/CA JUNCEA L.) 



lN'TROD{JCTION 

Mustard is usually grown as a rainfed crop in Bangladesh. 
Soil moisture deficits 

f requen tl Y occur under rainfed condition; 

where the crop has to depend u th 
pon e stored soil moisture which 

is soon depleted through evapotranspiration causing depression in 

irowth and yield of the crop. Plants fail to recover if permanc->nt 

wilting occurs due to severe moisture stress. When rewa te red a f tc-> r 

a prolonged and severe mo1'sture ~tr 1 L ·II ., · ess p an w 1. . rr-covc- r i I. :: 

irowth • However, yield of crops may be depressed due to soi I 

moisture stress of any d e gree. The rate of yield reduction wil I 

rlepend on the degree of stress. 

Plants are not eq11ally sensit.ive to soil moisture defici t s ct l 

various stages of growth. There are some specific stages of plants 

during which they are more prone to soil moisture deficit. The 

vegetative stage of many plants are not sensitive to soil moisture 

stress. This may be due to the reason that plants resume their 

growth after releasing stress. Soil moisture stress at the flower 

initiation and flowering stage reduces the yield of legumes through 

the formation of defective floral organs, sterility, reduced number 

of flowers and failure of flowers to open (Slatyer, 1973). Moisture 

stress during the period of fruit development reduces the yield 

through the reduction of pod and seed size (Kaufmann,1972) . This is 

caused due to insuffi c ient transportation of nutrient reserves in t o 

the pod and seed. Soil moisture stress at the stage of maturity is 

less harmful to the yield of crops as it is the stage of 

dehydration. 
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Information is limited about the effects of water stress 

at different growth phases on crop growth and development of 

mustard, Due to an increase in the frequency of drought, declining 

water table, and increased coRts of irrigation water, it is 

essential to evaluate water management of mustard. In spite of the 

reputed drought tolerance of mustard, information on the growth 

phases most sensitive to moisture stress is inadequate. 

The aim of this study was to examine the effects of soil 

moisture stress imposed at specific ~rowth phases on the growth, 

development and yield of two mustard cultivars. 



MA'T'ERIALS AND MET'l-lODS 

The plant material for the experiment was also Samba] and 

oaulat of mustard (Brassica Juncea L.) 

The experiment was arranged in a randomized complete block 

design with two replications. The size of each block WRS 

2.1 m x 1 m. The distance between two blocks was 1 m. There werr 8 

rows i II en.ch block of I m long F.1.nd JO cm apn rt.. Thr dis t.ri nr-p 

betweE'n p.l.ant.s within a row was approximately 10 cm. Seeds 1.,rpr·" 

sown on 2 Nvember, 1990. There were 5 irrigation treatments ns 

follows 

T0 = No irrigation 

T1 = No i rri.gation 11nt i. l the sl.art of flowering, uni form I :v 
irrigation LhereRfter. 

T2 = Irrigation until the start of flowering followed by no irr­
igation until mid-pod filling stage, uniformly irrigation 
thereafter. 

T3 = Irrigation until mid-pod filling stage followed by no 
irrigation until crop harvest. 

~=Uniformly irrigation throughout. 

The measured amount of water (10 mm on each occasion) was 

uniformly added with sprinklers. The treatments Tl, T2, T3 and T4 

of Sambal received 50, 70, 50 and 80 mm of irrigation water, 

respectively, whereas the corresponding treatments of Daulal 

received 40, 40, 50 and 70 mm of irrigation water. The sJmilnr 

cultural practices were done as in the experiment 1. 

Dry Matter De ·term~nat~on 

For dry matter deler·m.ination, 5 harvests were tRkrn nl <-'<111111 



MATERIALS AND METHODS 135 

]·ntervals of 7 days. The fi"rst h t 
arves was taken at 59 DAS. Four 

Plants were harvested from each tr t t f 
ea men o each replication of 

each cultivar, At each harvest, plants were cut off just below 

the cotyledonary node and tops were separated into leaves, stem and 

others (petiole+ buds+ flowers) and pods. Before weighing, all 

plant parts were dried separately in an oven at about 85 °c for 24 

hours till they reached constant weight. 

Y~eld and Y~e1d Components 

The final harvest was done at 100 DAS for Sambal and at 95 

DAS for Dau] at. Six pl.ants per replication per treatment per 

c ul ti var were harvested and dried in the sun and the measuremenLR 

of yield and yield contributing characters were taken. The 

following characters were recorded 

Plant height at maturity, length of main axis, number of 

branches/plant, number of pods on main axis, number of pods/plant, 

number of seeds/pod, pod weight/plant, straw weight, 1000-seed 

weight, seed-husk weight ratio, harvest index, seed yield/ha and 

oil content of seeds. 

Stat~st~cal Analys~s of Data 

The experimenatal design was a randomized complete block 

design and the analysis of variance was done accordingly. 
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Total Dry Matter 

Mean squares from the analysis of variance for total dry 

matter (TDM) as influenced by soil moisture stress at specific 

stages of growth are presented in Table 2.1. Soil moisture stress 

effect was significant at all the growth periods except 73 DAS. 

Cultivar x soil moisture interaction was non-significant. 

The effect of soi I. moisture stress at specific stages of 

growth on dry matter is shown in Figure 2.1. In Sambal, decrease of 

TDM in the stressed plants over stress-free plants (T4) was 

observed. The highest reduction of TDM production was found in 

cont i n11011 s stressed ( T ) 
0 nnd the second and the third redu c ed 

position was found in the flowering to mid-pod filling stress (T2 ) 

and pre-flowering stress (T1), respectively. The lowest reduction 

of TDM was found in T3, where water stress was imposed after mid­

pod filling stage. 

In Daulat, all the plants except T3 yielded reduced TDM than 

the stress-free plants (T4). Maximum reduction of TDM production 

was found in the plants grown under continuous stress (T0). The 

socond position of reduced production was found in T2 at 59, 66 and 

87 DAS. Post mid-pod filling stressed plants (T3 ) produced 

increased amount of TDM than that of the stress-free plants (T4 ), 

though the difference was not significant. 
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Table 2 .1. Mean squares from the analysis of variance of total dry 
matter (TDM) of two mustard cultivars as influenced by 
soil moisture stress at specific stages of growth. 

-

I 
Sources of df Mean squares 
variation 

Days after sowinQ 
·---·--

59 L 66 I 73 I 80 I 87 
--- ·----

Replication 1 6444 1730 2761 16075 31 

Treatment CT) 4 15279* 20804** 20623 35783** 72485*** 

Cultivar (C) 1 7881 7 551 238 2398 

T x C 4 2695 2537 7847 3580 8098 

l'!rror 9 2709 25 04 6445 4692 5298 
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Figure 2.1. Effect of soil moisture stress at specific stages of 
rrowth of two mustard cultivars on total dry ma tter 

TDM). 
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Influence of soil moisture stress a ·t · f' - - spec1 1.c stages of growl.h 

of two cultivars on djstribution of dry matter (DM) is shown in 

Figure 2.2. Percentage of DM of stem and others (petiole, buds and 

flowers), leaves and pods are shown in these figures . No 

signific~nt effect of soil moisture stress on rl ry mn LI"' r 

distribution was found. Percentage of DM accumulation in stem nnri 

others and leaves decreased with increasing age in both the 

c ultivars . But in pods, DM accumulation inc reased with jncreasing 

age. Dry matter percentage of stem anri others was highest in T
0 

a nd 

lowest in T4 at the initial stages but reverse was found at t.hr-

1.ater stage s. The highest percentage of DM a c cumulation in leave s 

of Sambal was found in T1 • The lowest DM accumulation in leaves of 

Daulat was in T0• The highest percentage of DM in pods was found in 

T1 at 87, in Tz at 59, in T3 at 80 and T4 at 73 and 87 DAS in Daulat. 

Yield and Yield Components 

Mean squares from the analysis of variance of plant height at 

ma turity, length of ma i n axis, number of branches/plant, number of 

pods on ma i n axis, numbe r of pods/plant, number of seeds/pod, porl 

we i.ght/plant, st raw we ight, 1000-seed weight, seed-husk weigh L 

ratio, seed yield and oil c ontent of seeds of Sa mbal and Daulat as 

influenced by soil mojsture stress at s pec ifi c sta ges of growth nrP 

given in Table 2.2. Soil mo i sture effec t was signifi c ant for al I 

Lhe cha rac t e rs exc ept l 000-see d weight, s eed-husk we igh L rn t i. o nnd 
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Table 2.2. Mean squares from the analysis of variance of yield and 
yield components of two mustard cul ti vars as inf l uenceri 
by soil moisture stress at specific stages of growth. 

Sources of df Neu squares 
varifttion ·---·--

PIAnt ~eight Rt f,ength of Nnaber of ND1ber of Rn1ber of KOiber or Pod weight/ 
uturity (c1) uin ar ie bmches/ pods OR pods/plant seeds/pod plnftl(g) 

(c1) p Ian t 1Rin axis 
---

l Rep I icalion I 9, 80 2U0 o. 01 3.20 5951 0, 58 J2.82U 

freatml (T) 4 208.83* 55. 18* l.71t 48. sou 25314ut 3 .15* 8U9ttt 

Cnltim (Cl I 9331. 20Ut 1036.800* D.95O 352 .BOIU 2808* ZS.WU 2. 95 

f x C I 58. 3] JC 18 0, 22 8.05 1275 0. I 5 0. R2 

Error 9 55.58 12. 76 0. 21 7. 12 1009 0. 57 4.32 

Sources of df Nean squares 
variation 

Straw weight I 000-seed Seed-husk Harvest Seed yi eld Oi I content 
/plant (g) weight (g) we ight ratio index(%) (kg/ha) of eeede(X) 

-

Repicatio1 - I 7.17U 0. 07 0.0012 7.28 850000* 1.25 

Trealml (Tl I 59 ,JOUt o. 08 o. 0018 213, 0 I 2502250* 15 .680 

Gillim (C) I 82.Jlut 0. 08 0.0912* 0. 73 413000 22.05u 

T x C I 6.89** o. 22 0.0023 1.65 11500 9. 68* 

Error 9 o, 56 0. I I 0.0111 3, 16 137719 2.25 
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harvest index. Cultivar differences were significant for all the 

characters except pod weight/plant, 1000-seed weight, harvest index 

and seed yield. Cultivar x treatment interaction effect was 

significant for straw weight and oil content of seeds only. 

Mean values of seed yield and its components of two mustard 

cultivars as influenced by Roil moisture stress at specific stages 

nre given in Table 2.3. 

Plant height at maturity Plant height at maturity was 

rPduced in the stressed plants than that of the stress-free (~) 

pl.Ftnts. The cont.inously stressed (T0 ) plants had significantly 

shorter height than the~ plants. Post mid-pod filling stressed 

plants (T3) was taller than the stress-free plants but the 

difference was non-significant. Sambal was taller than Daulat. 

Plants grown under continuous (T0 ) and pre-flowering stress (T1) had 

significantly reduced plant height over the stress-free plants of 

Samba!. 

Length of main axis Length of main axis of the stressed 

plants was reduced over the stress-free plants, except in T3 where 

it increased slighty. Significantly reduced main axis length was 

found in the continuous stressed (T0) plants. Length of main axis 

was significantly hi~her in Sambal. Samba! had significantly 

reduced main axis length in T0 and T1 than that of the T4 plants. 

Slight increase of main axis length was found in T1, T2 and T3 over 

Tl of Daulat but the differences were not significant. 
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Number of branches/pl.ant : The stressed plants had reduced 

number of branches over the stress-free plants. Plants grown under 

~' T1, T2 and T3 had 20, 13, 12 and 5% reduced number of branches, 

respectively over the stress-free plants. Significant reduction of 

the number of branches was found in T0 and T1 • Daulat had higher 

number of branches than Samba!. In Samba!, To and T2 had 

s i ~ni f icantl Y reduced number of branches/plant over the stress-free 

p.l1.1nts. 

Number of pods/plant : The stressed plants yielded reduced 

number of pods/plant than that of the stress-free plants, except T:i 

where the number of pods/plant was increased slightly. The numher 

of pods/plant was significantly reduced in T0 (47%), T1 (30%) and 

T2 ( 33%) over T4 • Daulat had higher number of pods/plant than 

Samba!, but the difference was not significant. Both Samba! and 

Daulat had si~nficantly reduced number of pods/plant in T0, T1 and 

T2 over T4 • 

Pod weight/plant Pod weight of the stressed plants 

diminished in respect to stress-free plants. Plants grown under T0 

(57%), T1 (42%) and T2 (36%) had significantly decreased pod yield 

than that of the stress-free plants (T4 ). Daulat had higher pod 

weight/plant than Sambal, but the difference was non-significant. 

Straw weight Reduction of straw weight in the stressed 

Plants was found over the stress-free plants. Straw weight reduced 

si~nifi.cantly i.n To (57%), T1 (38%), T2 (36%) and T3 (9%) than thA.t. 
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of the stress-free plants. Samba! had significnatly reduced straw 

weight in T0, T1 , T2 and T3 and Daulat in T0, T1 and T2. 

1000-seed weight No Significant effect of soil moisture 

stress on 1000-seed weight was found. 

Seed-huRk weight rat ·i o Seed-husk wei~ht rRtio waA nfll. 

s igni f icantl y affected by soil moisture stress. The ratio was 

significnatly higher in Daulat than Samba!. 

Harvest index : S i gnificantly higher harvest index was found 

in Daulat than that of Samba!. Harvest index increased slightly in 

the stressed plants of Samba.l, though it was not significantly 

different. 

Seed yield : Seed yield of the stressed plants was reduced 

than that of the stress-free plants. Significantly reduced seed 

yield was found in plants grown under T0 ( 59%), T1 ( 59%) and T2 

( 37%) over that of T4 plants. Seed yield was non-significantly 

higher in T3 ( 8%) than T4. Seed yield i n Daul at was higher than 

Samba!, but the difference was not significant. In Samba!, the 

reduction of seed yield in To, T1 , T2 and T3 over T4 was 58, 37, 38 

and 12%, respectively. The corresponding values of Daulat were 61, 

37, 33 and 4%. 

Oil content of seeds : Oil content of seeds of the stressed 

Plants increased than the stress-free plants (~) except in 
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continuous stress treatment (T0). Significantly increased oil 

content was found in T1 ( 9%) and T2 ( 12%). Seeds of Daulat had 

si~nificantly higher percentage of oil than that of Sambal. The 

increase of oil content of Sambal in T0, T
11 

T2 and T3 over T4 was 

3 1 8, 5, and 6% respectively and of Daulat in T1 and T2 was 9 and 

18%. 

Correlation. 
Yield 

Coef."fici.ents BeLw~er1 
and Its Components 

Simple correlation coefficients between seed yield and j ts 

components as influenced by soil moisture stress are ~iven in Table 

2.4. Seed yield was positively correlated with the number of 

pods/plant, pod weight/pl ant and harvest index in T0, with the 

number of branches/plant, number of pods on main axis, number of 

pods/plant, pod weight/plant and harvest index in T1, with the 

number of pods/plant, pod weight/plant and harvest index in T2 and 

T3 and with the number of pods/plant, number of seeds/pod and 

harvest index in T4. There was no significant correlation between 

oil content and seed yield in any of the treatment. 
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T:lhlP. 2.::l. M(>Rn va]ues of yjeJd and yield components of two mustard 
c11lt.ivars HR influenced by soil moi.Rt1Jre stress at 
specjfic stRies of growth. 

,.---- I I ,, 

~ I Pl~nl hrith t At uf11rity lr1) f,rn~th or IRi" RXis le,) Nft1bP.r or branchP.s/planl 

! I I Oauhl I Mm SnwbR I I ORII I Al I NPRR Sa1bRI J Dan I RI. J NP.an !I I Sn1hnl 
r 
I 

I To ISUO 1 IR.50 m.nn 7UO ~uo fi:UO U5 5.42 5. Qfi 

T 1 164.00 l2UO Hfi.n 71.SO 64.00 67 .75 5.33 U7 5.50 

T7 172,00 l2UO 150.ZS 7UO 62.50 6UO U2 6.25 5, 59 

f1 l7R.5Q 134.50 m.rn RI. 00 66.00 7UO 6. 00 UH 6, 04 

f1 lRUO 12UO 15UO RZ.05 59. no 70. 75 6.08 U9 6. 34 

""~" 170. 70 12un 7UO 61,60 U2 uo 

l,SO at 51 (a\11.n. (bl UL (r.\ JU~ la)5, 71. lh\Ul. (dR.OR (a)0, 78, lb)0.50. le\ I. 11 

- . ···• - ·-· - ---·-- -- . -- - . ... --- . --

~ I 
Nuber or mrle/pod I N111her or POrlR on uin RXi~ N11JbPr or pods/plant 

~ I I rla11 lat 
I I DRII I RI. I NrRn Sa1hRI I Dauht I Nean 

" 
I Sa1ba I I Nm I Sa1bal 

I 
I To 
I 

53. nn 4UO 49 . 25 I RS m 199 11. 85 13.75 12. 80 

I r, 5UO 52.50 SUS m 264 m 12.00 14, 30 13 .15 I 
~ 
I T2 5 7. 00 50.SO 5~. 75 m 
I 

244 249 12. 85 14.75 13.80 

~ 

" 
T:i 62. on 52. 00 sun m IIR m 13.65 16.50 15. 08 

! 
I T1 H.50 52. 00 SUS 369 378 374 12.95 I 5. 30 14, I 3 
11 

I NHn sun 50.SO m m 12. 66 14.92 
I 

~ 
I.SP Rl 5% (R}l.21.tb)O. 76,fcll. 71 f al 50. 81, lb)NS, ( c )71 . 8~ IR)l.21,(b)0. 76,fc)RS 

- ... ... ---- .. - -- -- · . ' ··- -· .. . . ' ' . . .. . - ··· 

Coatd .. .... 
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Table 2,3. (Cont inued). 

Pod wei~ht/planl (g) Straw 1eight/pla1t (g) 1000-seed 1eig~l (g) 

Subal I Dau lal I •en Sa1bal I Daulat I •ean Saabal I Dallat \ •eu 

To 8.07 8.95 8.51 7.97 6.23 7.01 2.41 2. 37 2.42 

f1 12. 28 12 . 56 12.42 11.51 8.55 10. 06 2.21 2. 37 2.29 

f2 12.H 13. 21 12. 83 I I. 79 9. 07 10.38 2. 78 2. 0 I "2.fO 

f 3 17 . 06 19.24 18. t 5 17.30 12.94 14. 90 2. 42 2.87 2. 65 

T4 20. 09 19.84 19.97 20. 64 12. 19 16.42 2.14 2.38 2. 56 

Neu 13 . 99 14. 78 13.82 9. 80 2, 52 J.40 

LSD at 51 f a)J .32, fb)NS, (c)4. 70 (~)1.20, (b)O. 76, (c) 1.69 (a INS, (b )RS, (c)RS 

·· --

Seed-husk weight ratio Har,est i1de1 (II Seed yield (kg/ba) 

Subal I Daulat I Neu Saabal I Daal,t I •ean S11bal I Dulat I ban 

To 0.9f 1.09 1.02 24 .14 JO. 48 27. 31 1356 1353 1355 

T1 1.02 1.09 1.06 25. 82 31.04 28.43 2025 2165 2095 

f2 0. 95 1.14 1.05 24 , 93 31.36 28 .15 2008 2314 216 I 

T3 1.02 J.12 J.07 25. 08 31.06 28.07 2842 3308 3075 

T4 0.95 I. 12 1.04 23. 90 32.56 28. 23 3228 3454 3341 

Neu 0. 98 I.II 24. 71 31.30 2269 2557 

LSD at 51 (alNS,(b)0.12 ,(c)HS ( a)NS, (b) I. 88, ( c )NS (a)594, (b)NS, (c)840 

Contd .. .... 
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Oil content of seeds ( % ) 

I Samba! I Daulat 

To 32.00 30.50 

Tl 33.50 36.00 

T2 32.50 39.00 

T 3 33.00 33.00 

T4 31.00 33.00 

Mean 32.40 34.30 

LSD at 5% (a)2.40,(b)l.50,(c)3.40 

.. .. 

(R) = Difference between treatments 
(b) = Difference between cultivars 
(c) = Difference between interactions 

Table 2.4. Correlation coefficients 
components as influenced 
specific stages of growth. 

between 
by soil 

Seed yield with 

Plut •eigH Nnber or Nnber or NOlber or Rnber of Pod 
at utnrity branches/ pods on pods/plant seeds/pod weight/pint 

plant ui1 arie 

To 0.07 0.42* o. 10 a.mu 0.38 o.mu 

T1 o. 30 o.ssu o.m o.mu o. 34 0.960* 

Tz -0.08 UI 0.30 0.80tu 0. 35 0.96Ht 

f3 -0. 25 0.25 0 .19 0,78*0 0. 2! 0.17* 

T4 -0. II 0. 14 o. 07 o.e5m 0,540 0. JO 
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I Mean 

31.25 

34.75 

~ n . 7 n 

33.00 

32.00 

seed yield 
moisture 

and its 
stress at 

1000-seed Hamal Oi I 
weight ind er co1te1t 

o. 28 o.wu -0. 15 

o. 25 0.52H -0. 01 

-0. 20 0.69ut o. 18 

-0 . 26 0.52U -0. 34 

-0.18 0.48* -0. 1 I 



DISCUSSION 

The growth and yield of crop plants are often reduced by soil 

mojsture stress. The crops should be supplied with adequate water 

before the soil moisture has been depleted to such an extent as to 

cause the severe reduction in plant growth. When rewatered after a 

prolonged and severe moisture stress plant will recover its growth. 

llowever,yield of crops may be depressed due to soil moisture stress 

nf any degree.The rate of yield redu c tion will depP.nd on I.hf' deJ{r,.,. 

of stress. Plants are not equally sensitive to soil moisture stress 

nt various stages of growth. 

In the present experiment,almost all the plants of Sambal and 

Onulat in the stressed condition yielded reduced TDM than thP 

stress-free plants (T4). Maximum reduction of TDM production was 

found in the plants grown under continuous stress (T0). The second 

highest reduction was found in the flowering to mid-pod fillin~ 

stress (T2). Water shortage significantly affected total dry matter 

in beans (Farah, 1981). Increase in the water deficits resulted in 

progressive reductions in the total biomass accumulated (Nageswara 

RR.o et al., 1985). A progressive increase in water stress will 

first affect the elongation of cells followed by cessation of 

e longation and marked reduction in cell multiplication and finally 

the reduction in dry weight of shoot through continued respiration 

(Jain and Misra, 1972). In groundnut, when the plants were stressed 

beyond early pod development phase, a loss in biomass production 

occurred (Ramesh Babu et al . ,1984). Others have shown that continu­

o11s water deficit reduces dry matter production ( Stansell et a .l., 
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1976; Vivekanandan and Gunasena, 1976; Pallas et al., 1979). 

Yield and yield components were reduced by soil moisture 

stress. The height of the plants reduced due to water stress. The 

continuously stressed plants (T0) had significantly shorter height 

than that of the stress-free plants (T4). Plants grown under 

contint1ous stress (T0 ) and pre-flowerin~ stress (T1 ) had si~nifi­

cantly reduced plant height over the stress-free plants in Sambal. 

Similar result was found in Corchorus olitorius by Ayodele and 

Fawusi (1990). Plant height reduction is due to stu~ted growth of 

stem. Cell enlargement is so sensitive to water deficits that stem 

elongation can be inhibited in some species by small diurnal wat~r 

deficits (Slatyer, 1973). Boote and Hammond (1981) reported that 

droughts during early pegging and pod formation period in groundnut 

reduced vegetative growth by reducing both the rate of node 

formation and by reducing elongation growth. Ramesh Babu et al. 

(1984) stated that moisture stress imposed at early flowering, at 

peak flowering and and at early pod development stages in groundnut 

caused a reduction in plant height. Stress at the late pod 

development stage did not reduce plant height because the plant 

elongation was completed by this time. However,continously stressed 

plants exhibited severe reduction in plant height during the entire 

life span. 

Significantly higher number of branches/plant was found in 

continuous stress (T0) over stress-free plants (T4). Similar result 

was found by Ayodele and Fawusi (1990) in Corchorus capsularis. The 
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number of branches/plant in groundnut was reported to be unaffected 

by moisture deficits (Lenka and Misra, 1973). 

In the present investigation, the number of pods/plant was 

significantly reduced in T0 , T1, and T2 over T4• The cause of this 

reduction may be due to reduced plant height, length of main Rx is 

And number of branchE"R/plant (Tnb1e 2.3). It may ali=:o bE" CRIIHPd d,,,.. 

to shedding of flowers by soil drought. Imposing moisture stress 

at flowering and pod formation stages led to a reduction of 64.20% 

And 46.92% in pod number compared with control plants (Ayodele and 

Fawusi, 1990). Reduced number of pods/plant was found due to stre ss 

in rapeseed h:v R.ichards Rnd Thurling (1978a) and Bhan et al.( 1980). 

The plants grown under T0 , T1 and T2 had significantly 

reduced pod weight/plant (57%, 42% and 36% respectively) than the 

plants grown under T4 (Table 2.3). The main cause of this reduction 

was due to reduced number of pods/plant. Srinivasan et al . (1987) 

found higher pod yield in the plants grown under stress-free 

condition. 

Straw weight was reduced significantly in T0(57%),T1 (38%),T2 

(36%) and T3(9%) over the stress-free plants (T4 ). Similar result 

was found by Richards and Thurling (1978a) in rapeseed . Reduced 

straw yield was observed in the plants grown at low soil moisture 

than that grown at high soil moisture in mustard and chickpPn 

(Singh, 1983). 
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No significant effect of soil moisture stress on 1000-seed 

weight was 

al. (1980) 

found (Table 2.3). Similar result was found by Bhan et 

in rapeseed. But Richards and Thurling (1978a) found 

si~nificantly reduced 1000-seed weignt in the stressed plants. Soil 

moisture stress had no clear cut effect on harvest index (Table 

(2.3). Richards and Thurling (1978a) and Singh (1983) observed 

similar ~ffect in rapeseed. 

Significantly reduced seed yield was found in plants grown 

under T0 (59%),T1(37%) and T2 (35%) over plants grown under stres~­

free condition (T4 ). Similar result was reported by Richards and 

Thurling (1978a)in repeseed. Seed yield was reduced in the stressed 

plants in rapeseed (Bhan et al.,1980) and in mustard and chickpea 

(Singh, 1983). The reason for reduced seed yield may be due to 

reduced number of pods/plant and weight of pods/plant. Haque et al. 

(1990) observed that in mustard seed yield increased significantly 

for two irrigations,one at the early vegetative stage and the other 

at the initial pod formation stage. 

Oil content of seeds of the stressed plants grown under T1 

and T2 was increased by 9 and 12%, respectively than that of the 

stress-free plants (Table 2.3). But Bhan et al.(1980) found reduced 

oil content in rapeseed due to soil moisture stress. 

The overA.11 resuJ L~ of the experiment indicate that TOH, seed 

Yield and itA componentR were highly r e duced when moisture stress 

was impnAerJ during the pre- (' l,owcr·l, 11i;< ('1'1 ) and the flowering to pod 
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filling (T2) stages. Moisture stress at the poet mid-pod filling 

stage had no significant effect on yield and its components. Thus, 

it may be concluded that the pre-flowering (T1 ) and the flowering 

to pod filling (T2) stages are more sensitive to soil moisture 

stress, Therefore, to obtain better yield it may be recommended 

that proper soil moisture should be maintained at those two sta~e9 

for obtaining higher seed yield of mustard. 
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