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and have a distinct granular structure in contrast to the very uniform patg, £ w@sfm in establishing vascular connections with the host root stele.
the wall deposits (Parry and Kelso, 1975). | Many resistant cultivars were found to have thickening in the endodermal cell
Xylem parenchyma surrounding the metaxylem may be thick- or thinwg il and the pericycle cells were also found to contain crystals. This can be
The xylem and phloem show a typical radial arrangement, protoxylem bundeg gieerved in the resistant cultivar N13 (a local cultivar, Nandyal), in contrast to the
present on the exterior of the metaxylem (exarch). The size, number and thigy® gsceptible CSH1 (an All India Coordinated Project hybrid). In another study, the
of the metaxylem bundle varies according to cultivar. The pith is solid, wihy® gurse of development of thickenings was followed in these 2 cultivars in the
to elongated compactly arranged parenchyma cells. The size of pith varsd spsence of Striga. Cell wall thickenings in these 2 tissues as well as the presence
different cultivars (Fig. 6.9). | of erystals was evident in N13 as early as 7 days after germination. In contrast,
Root surface and root hairs of sorghum secrete 2 types of mucilag, it csHi had only negligible thickening in the endodermis and contained no crystals
fibrillar layer exists on parts of the outer wall of epidermal cells and on oot even 14 days after germination. By 28 days, there was only a small increase in
It consists of long fibrils parallel to the cell wall and connected by anaston trickening in the endodermis and pericycle of CSH1, whereas N13 accumulated
This layer can be colonized by bacteria and in thick layers, groups of bacteraw considerable thickening materials, especially in the pericycle. In addition, several
found. The mucilage is secreted from the endoplasmic reticulum, Golgi appn apparent responses to the invasion of the Striga haustorium were observed in
as well as mitochondria. The second type consists of small, heterogeneaugh certain cultivars. One of these appeared to be extra lignification in the pericycle
structureless drops on the distal part of the roots hairs (Werker and Kt cellsat the point of contact of the haustorium with the endodermis in N13 and
1978a,b). 154202 As a result, the haustorium appeared to become distorted and failed to
Seedling root anatomy and Striga parasitization penetrate the stele. In another resistant cultivar IS 8686 (SRN 4841), a few hausto-
Twenty-six sorghum cultivars representing a wide range of susceptities iadid penetrate the endodermis but on reaching the xylem, tyloses like occlusions
resistant genotypes to Striga asiatica were studied for Striga parasitization andj from Striga haustorium were found in the xylem vessel.
of root anatomy factors (Maiti et al., 1984b). ' Host root anatomy vs field resistance for Striga
Parasitisation on the susceptible sorghum root Aspects of host root anatomy like thickness of the inner tangential wall of the
Germination of Striga began with the radicle (or the haustorium) makingisg endodermis, degree of lignification of the pericycle, and the frequency and size
out through the seed coat. The plumule grew very slowly at this stage aiff ofcrystalsin the endodermal cells were studied in 26 selected cultivars. Generally,
mained with the seed coat until the haustorium established vascular contads fesistant cultivars showed a high degree of endodermal and pericyclic thickening
the host root. The plumular axis was visible within the arch of the 2 cotyleduféandthe presence of silica crystals, whereas susceptible ones showed less thickening
leaves. The bulbous haustorium at the tip of the radicle made contact witf§ ad o crystals. Based on the overall score, all the cultivars in the resistant group
epidermis of the host and pressed against the cortical cells. These became dff bad high or intermediate rating for all the 3 characteristics.
ed and the haustorium came in contact with the endodermis. The outer tang

wall of the endodermis was disrupted, allowing the haustorium to penetraic il ESTABLISHMENT OF ROOT SYSTEM IN THE SOIL IN
stele, establishing a vascular connection with the host vascular bundle. BS@REJ ATION TO THEIR FUNCTIONS
cases, the presence of a substance which stained dark green with toluidine®

was noted when the haustorium was in contact with the endodermis. A chem Ty, Y 31, . T J
substance which softened or dissolved the cell walls of the host tissue wasl§ Koot system distribution in the soil is an indicator of the nutrient-uptake

produced by the advancing haustorial cells in S.asiatica (Saunders, 1933)a capability of a genotype. Sorghum roots are capab!e g penctratieg the gt Z.to
S.gesperioides (Okonkwo and Nwoko, 1978). 5cm!flay (Nakay?ma and van Bavek, 1963), reaching considerable depths quite
The invasion of the host stele was by the tracheids developed from the 2 :rg Withe growing scasan. nga.ma & al. (1977) seported that sorgh dl;m Fcia
the yound haustorium. These tracheids were characterized by the spiral thickes oneer 846 reached a maximum depth of 140 10 150 sH withify42 days aftec
(Rogers and Nelson, 1962) and penetrated the xylem vessels either by dissf i eence. Myers (1960) found thgt tl?e‘r‘oo'ts alGei Bipce TR E R0
cell walls or by mechanically disrupting them. This made the host parasite co reached a depth of 135 cm by panicle initiation, 22 days after SR it
tions complete. At this stage, the haustorium was almost double the size d ;ﬁm that a large part of the oot mass was located within 1520 cm of
host stele. : y :
Development of the haustorium in the resistant cultivars ngama etal: (197‘,7) showed that more than 90% of the total root weight was
In resistant cultivars, the attachment to the root and the penetration of :132:'1 1> om of the soil surfz.ace. M)_'ers (1900} seponcd op]y 16728 0? Knmaot
cortex by the haustorium were similar to the process in the susceptible culf b 13;‘3 0-20 cm layer. It is pracucaj,llh?refore,;o restrict oot sa;nplmg tothe
However, in the resistant cultivars most of the haustoria failed to penetrak Mye cm of the soil to get the real picture 0 root_mteu{»ltyatx)ma &e n;ty;:;.
endodermis in contrast to the susceptible cultivars in which most haustoria ¥ gindiisher (1962) statod that sorghim roats TEmAITaCRve a0 CapabIe
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nutrient absorption until very late in the growing season.

The plant root system plays an important role in determining the rap, &

amount of soil water available to the crop (Jordan and Sullivan, 1982) j
(1974) stated that modification of the root system to extract greater quantit
soil water or to regulate the rate of depletion play an important role iy
drought avoidance mechanism. There is genetic variablility for root character
in sorghum (Jordan et al., 1979 a,b; Blum et al., 1977 a,b; Wright ef al., 1983},
and Weibel (1978); Bhan er al., (1973); Jordan and Monk (1980), therefy
scope for selection for better root systems exists. The genetic variability is geney
expressed in the distribution of growth (dry matter) between the shoot andpy
as well as behaviour of root axes and lateral branches. High root to shoot

in young plants is found to be correlated with superior drought resitance (¢ . - : A
ctivity of leaves because several essential nutrients are directly or indirectly

and Weibel, 1978; Bhan et al., 1973). Research needs to be directed to stug
value of specific root traits to drought resistance. Jordan and Sullivan (1982)s
that a choice of the root ‘ideotype’ should be based on a thorough understay

of the seasonal pattern of water availability. Increased rooting depth tens

increase water availability (Jordan and Miller, 1980). Increased rooting denss
the deeper layers of the soil surface allows greater absorption of water in theg
Water in the soil is depleted more slowly when there is a serious water defil

deficits occur near anthesis, a sensitive growth phase, then deep rootings

contribute to yield maintenance, but a delay in water stress may avoid damag
the crop provided water is available to complete grain development. Deep roo
is considered to be an useful mechanism for crops grown on soils where i
profile recharge occurs during the off-season (Jordan and Miller, 1980). Passo
(1972) provided evidence that grain yield in wheat was highly correlated with
water available at anthesis. Richards and Passioura (1981 ) showed genetic vana
ity for xylem vessel diameter in wheat roots. Similar efforts need to be mal
the case of sorghum (Jordan and Sullivan, 1982). Under drought conditions
soils in the shallow layers start drying from the surface, but the deep horiu
the soil may have sufficient soil moisture. Therefore, deep rootedness is a fed
that facilitates drought resistance. High root-shoot ratio is also considered
adaptation for drought resistance in rice (Yoshida, 1981; Jordan and Miller, 1%

WATER AND NUTRIENT UPTAKE BY ROOT SYSTEN

The main function of the root system is to siphon water and nutrients from
soil for the growth of the plant. Solar radiation, temperature and humidiy

important forces operating on the foliage and result in a constant demands

water by the plant. In order to maintain the normal vital activity of the plan
cells in the tissues should be turgid. Plants give out excess water through
stomata by a process known as transpiration. The growth of plant depends on?
efficiently the root system of the plant taps available water in the soil. Us
drought conditions, when the shallow layers are depleted of water, the pé
should have a deep root system to tap water from deeper layers of the su¥
The rate of water absorption from a given soil volume should be proportiond
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meeffecﬁ“e total length or intensity of the root system. The high rate of water

tion leads to a more rapid decrease in soil water in the shallow layers; more

qater is available to the roots deeper in the soil. Details of the water uptake

is explained in Chapter 8.

Along with water, plant roots absorb both macro- and micro-nutrients for

. To optimize absorption of nutrients from the soil, an adequate

concentration gradient should be maintained between the root surface and soil

glution. The process of nutrient absorption consists of both active and passive

. absorption. The gradient of the mineral concentrations in the cell sap is main-

sined by the ascent of sap from the root to the foliage. Nutrient absorption by
e root system depends on nutrient concentrations in soil water.

' Nutrient content translocated through root is related to the photosynthetic

elated to photosynthesis and respiration. For example, nitrogen forms the main
component of proteins which in turn is the main constituent of protoplasm,
chioroplasts and mitochondria. Phosphorus is an energy-rich compound directly
rlated to the metabolic processes. Similarly, potassium regulates the opening and
Josure of the stomata, promoting carbon dioxide diffusion in the green tissues.
Nutrient deficiency disrupts the normal growth and development of the plant
showing hunger signs such as yellowish leaves, a symptom of nitrogen deficiency,
ora purplish pigmentation of the culm and leaves due to phosphate deficiency.

utritional disorders of some elements causes visible symptoms in sorghum (Galla-
beref al., 1975; Kawasaki and Moritsugu, 1979; Clark, 1982). Aluminum toxicity
reduces root growth (Clark, 1982). The mineral nutrition of sorghum was reviewed
by Myers and Asher (1982).

Climatic factors play an important role in the uptake of nutrients. In a low
rinfall area where crop population is sparse, the response to fertilizer is less. For
crops grown predominantly on stored moisture, progressive drying of soil from the
surface downwards starves the upper part of the soil of mineral nutrients (Myers
and Asher, 1982).

Nitrogen Nutrition
Mirhadi and Kobayashi (1979) studied the effect of different levels of nitrogen

zpplication on growth, grain yield and chemical constituents of grain sorghum.

iirogen content was highest in green leaf blades, followed by stems, roots, dead

lleaves and threshed head parts. This order was affected by nitrogen level in the
imedium. They found that nitrogen content in grain increased with an increase in

tirtogen in the medium. They also observed that the amount of nitrogen required
for the highest yields of crude protein in the grain was very high, suggesting the
ieed for nitrogen fertilization. They also showed that the total nitrogen content
per plant unit, dry weight of each plant part was remarkably higher at early growth
stages, but decreased rapidly towards the soft dough stage. At this stage, there was
0 correlation between nitrogen content and the age of the plant. Nitrogen ab-
sorbed by the plant was distributed mainly in the stem and leaf blades during the
Iegetative stage, but was gradually translocated to the head for the development
i grain. Nitrogen uptake of the plant was reported to be quite similar to that of
esh weight of plant; the total nitrogen in the plant was observed to be highest
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at the hard dough stage. They found 2 peaks of absorption of nitrogen: at ve,
tive stage for the rapid development of plant parts and the reproductive stag
the development of grain.

Nitrogen and phosphorus uptake
Myers (1980) observed a relationship between root development and oy

cycle, reaching a peak dry weight at the mid-elongation phase, declining therea
Nitrogen and phophorus levels were highest in roots when applied during theg
elongation phase, but declined at later stages.

Sometimes, even though the surface soil is nutrient rich, it is too dry forg
roots to take up nutrient. Nutrient accumulation occurs at depth and it has g
reported by Lavy and Eastin (1969) that substantial amount of *P occurrej
depths of 30 and 60 cm. Smith and Myers (1978) found that much of the phogj
rus and nitrogen uptake in water stressed dry land sorghum during grainfillingfg
place from the subsoil. This cautions the assessment of nutrient status ofg
sub-soil for a correct interpretation of the results of the field experiment.

and Asher (1982) and Cawie (1973) made a detailed study of the effect of Ny
on N distribution in cultivar RS 610 in solution culture. They showed that u
favorable growing conditions in the field, very little N remained within the roog
zone by anthesis when the fertilizer rate was (1/2 kg/ha). In the highest Nirs
ment (336 kg/N/ha), there was sufficient N in the soil during grainfilling. Signifiz
net losses of N were observed from N-stressed sorghum after flowering,

ROOT SYSTEMS STUDY TECHNIQUES

Brick chamber technique

A brick chamber method was developed at ICRISAT (unpublished) to
sorghum root development. The chamber (65 cm long, 50 cm wide, and 1508
deep) with 3 cemented sides, and a front made of brick and smeared with m
The chambers were gradually filled with soil (red or black) followed by contiw
addition of water, and continuous packing of the soil with bamboo sticks fora
form compaction. After filling with soil the brick chambers were exposed tof
rains throughout the rainy season to ensure natural compaction before being
Once the desired amount of growth had occured, the bricks of the front wall
dismantled brick by brick from the top, and the roots were washed slowly¥
water by using a hose pipe. The whole root system can then be exposed, and
pattern of distribution of roots in different soil layers can be investigated.

Though the soil compaction in brick chambers did not simulate the bulk des
in the field, nevertheless a comparative study of the growth and developmen
whole plant root system of different selected genotypes was possible in (¥
chambers.
General patterns of root development (genotypic comparison)

Improvement in root development and function seems to be reflected in
crop yields. Under periods of water stress, plants must proliferate roots |
unexploited areas of the soil. The plant’s ability to endure water stress is govers
mainly by the rate of root proliferation and establishment during periods of

i growth

uptake in sorghum. Root development was rapid during the early crop g
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,...1 Jble moisture. Deep root systems also help in the efficient uptake of plant

¥ puirients iD the soil.

{sboratory study (Petri-plate culture)

1t is important to know whether different genotypes show variations in the
of radicle and plumule and how these variations are reflected in the final
pression of the root systems. To obtain basic information about the growth of

o iicle and absorptive hair, different genotypes were grown in Petri dishes. Studies

L, CSHI, a non-heterotic hybrid, and 22E, a heterotic hybrid and their parents
L dicated that radicle and plumule lengths, and number of absorptive hairs were
higher in 22E, a hybrid that showed heterosis in these parameters. A comparative
4 of radicle lengths of sorghum grown in Petri dishes for 5 days and in wooden
s indicated that a positive correlation existed between the 2 treatments.
sdies in pots and wooden trays
Studies on 36 genotypes in wooden trays for 20 days showed that the root
lsstem in different genotypes varied widely (range 0.044-0.15 gm/plant). Studies

won (he root system of another set of 48 genotypes on the 30th day indicate that

iere was much variation in their root systems, specially in total length, length of
oot canopy and average length of main adventitious roots. The total root length
of the genotypes range between 106-191 cm, the majority of being between
104-174 cm. Thirty genotypes belonging to different taxonomic groups studied in
inot culture also showed much variability in the components of their root system
;I'I the 30th day
Root studies in polythene bags

To understand whether genotypic variability exists in the root system at the
eedling stage, a set of 62 sorghum genotypes were grown in polythene bags 30
emjong and 10 cm diameter) in a greenhouse; 400 ml water were supplied in each
bag containing 3 plants. Roots and shoots were washed 15 days after emergence.
Genotypes showed significant variability for seedling vigor measured in terms of
seedling height, seedling dry weight and also root dry weight.
CSH1, 22E and their parents (pot culture)

Acomparative study on root systems of CSH1, 22E and their parents at 15, 30

and 45 days revealed that CSH1 showed much lower values compared to its

arents in most major characteristics, but in total root length and dry weight of
oots/shoot ratio, CSH1 exceeded its parents. In 22E, total root length and dry
Wweight of root/shoot were much lower than those of its parents. The limitations
of root studies in pot experiments are well known. Genotypic variability can, of
ftourse, be studied only between 15-30 days in the pot culture experiments.
Brick chamber method
The brick chamber method attempted to study root development of CSH1 and
2F, an unreleased hybrid. In 3 sets of different brick chambers, root and shoot
samples were collected at 45, 60 and 75 days by dismantling the chambers.
Measurements were made on the number, length and weight of roots and shoots.
CSHI and 22F were sown in brick chambers lined with polythene at different
evels to observe the rate of root growth up to the stage of physiological maturity.
ihe rate of root growth in 22E was higher than CSH1 in the early stages but at
15 days, CSH1 had more roots than 22E. It was also observed that the new flush
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of roots coincided with the boot stage (60 'days in 22E and 75 days in (g ' ) '

At 60 days, the total number of main adventitious roots produced per pdrootishoot ratio when compared to their parents. Root/shoot ratio decreased
greater in 22E than in CSH1 (37 and 27 respectively). At 75 days, b panicle initiatlop to boot apd ﬂowgnng stage. Unde_r field conditions, the
greater in CSH1 than in 22E (72 and 41 respectively). Similarly, at 60 gliid 22E Was superior (heterosis) over its parents but this was not pronounced
total root length of the main adventitious roots was higher than in CSHi pu@csH1 (Figs- 6:11-6.14). .

545 cm respectively) but at 75 days, CSH1 exceeded 22E (1934 and 143 et of soil types on root growth in brick chambers _
spectively). However, the average length of each main root at all Stay mtvechamberswlere filled with red soil apd an equal number filled with black
greater in 22E than CSH1 (35 and 27 cm respectively at 75 days). The gl Sceds were sown in 2 rows 30 cm apart with a space of 10 cm between plants.
dry weight of roots per plant at all stages was greater in 22E than in Cgjfea days after emergence, the surface of thl? soil was covered with a 4 cm thick
and 25 g respectively at 75 days). Root/shoot ratio at all stages was greateryfijer of fin sand which was thn covered with a darkl polythylene sheet layered
than in CSH1 (0.48 and 0.35 respectively at 75 days). At harvest, mog s gavel to prevent evaporation losses from the soil surface. The plants were
adventitious roots had decayed and only the top crown roots were preseyglowed to grow on the stored moisture. At 10 days intervals, two chambers of
upper layer of the soil. A comparative study of the growth and developfih soil type Were dismanteled to study the root system from 30 days after
the underground and above ground parts of the 2 hybrids (CSH1 and pjgergence until maturity.

their parents demonstrated that hybrids grew faster than their parents, pjclopmental stages ] e , ) .
showed a higher level of heterosis than its parents when compared to g Grain sorghum (CSHBS) did not show significant difference in the attainment
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CSH1 (ICRISAT, 1977).
Field study

CSH1, 22E and their parents were grown in alfisol during the postrainyg
of 1976 under irrigated conditions in the field. Whole plants along with roo
collected at different stages, i.e., panicle initiation, boot stage and floweri
(50 X 50 cm?) were dug to a depth of 75 cm and filled with water, &
overnight to soften the soil. On the next day, roots were washed caref
different layers of the soil.

It was observed in both cultivars that at panicle initiation under irrigateds
tion new roots formed a spreading canopy horizontally in a network patte
within 10 cm depth of the soil. At this stage some collar roots had also dew!

At boot stage, the main adventitious roots grew laterally up to 25 cm, atf
duced a profuse network of lateral roots. In CSH1, the crown roots had pmi
lateral roots whereas in 22E they had sent out profuse lateral roots in a i
pattern. The main adventitious roots got distorted and some of the roob
found dried out. In both cultivars the main adventitious roots which werel
oped in the upper 10 cm layer at panicle initiation were found to decay o
their activity as shown by the lack of root hair. The seminal roots were o
lose their root hair at this stage. In all the genotypes, a new flush of adven
roots was found to develop at boot stage.

At the flowering stage, in 22E, the adventitious roots that were formedd
stage were present, but some of these were inactive and dried up with thel
root hair. CSH1, however had persistent profuse root systems when compa
that in 22E. The zone of maximum root hair was limited within 45-50 cmin{
and 35-40 cm in 22E. The crown roots that had already formed were fo
produce extensive root hairs and played a predominant role in the root
both in CSH1 and 22E. Maximum depth of root penetration was 70 cmin{

and 50 cm in 22E. '

Parents of CSH1 and 22E showed only slight deviation from their hybn
general, the hybrids (CSH1 and 22E) produced a higher amount of root #§

{different physiological stages in red and black soils (Table 6.1). In general,
seiative stages and early reproductive stages (1 to 5) were earlier in red soil
0 in black soil, but grain development stages were late only by 2 days. As the
brid was grown in stored moisture and no further irrigation was provided, the
fsiological stages were somewhat delayed in red soil owing to water stress. The
wth rate of the above ground parts in general was less in red soil compared
that in black soil (Figs. 6.15, 6.16). This observation was confirmed by measur-
b leaf water potential which was lower in red soils than in black soil (Fig. 6.17).
Measurements made were maximum root penetration in the soil, number of
ois (and root dry weight) at different depths, the leaf area and length of stem.
e tops were partitioned into leaves, stems and panicles, and were measured.
¢ root biomass (Figs. 6.18 - 6.20) increased at a slow rate up to 30 days (early
betative stage), but increased rapidly up to 60 days in black soil and 70 days in
i s0il, not increasing appreciably thereafter. By that time, CSH8 passed the
I-bloom stage. The total dry matter at all stages though not significant, was less
black soil than in red soil.

ble6.1 Physiologicalstages of developmentof grain sorghum in relation

date and days after emergence (in brick chamber).

No.Stages Red soil (Days) Black soil
Emergence 0
3 leaf 3
5 leaf 10
Growing point differentiation -
Flag leaf visible 45
Boot stage 50
Half bloom ~ 60
Soft dough 90
Hard dough 96
Physiological maturity 102
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Fig. 6.11 Total root length in CSH1, an Indian hybrid Fig. 6.14 Root/shoot ratio in 22 E, a hybrid and its
and its parents at different stages. parents at different stages.
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Fig. 6.12 Root/Shoot ratio in CSH 1 hybrid and its Fig. 6.15 Dry matter distribution at different stages of
parents at different stages. growth of CSHS in red soil, post-rainy season, 1977.
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Fig. 6.13 Total root length in 22 E hybrid and its parents Fig. 6.16 Dry matter distribution at different stages of
at different stages. growth of CSHS in red soil, post-rainy season, 1977.




6. ROOT DEVELOPMENT AND GROWTH - 165
164 - MORPHOPHYSIOLOGICAL TRAITS IN SORGHUM CROP IMPROVEMENT

™ © o o
. Days Afwr Emergence
_Flg. 6.17 Gradients of water potential of leaf in brick chamber
in alfisol and vertisol at different stages of growth of CSHS, post.-

ainy season, 1977.

Root Dry Weight (% of Total)

28375 B28475 8284915 1281275 >1428
1825 $78625 878825 §781125 12781425

Length of Root Underground ( cm )
Fig. 6.19 Distribution of root bio-mass at different layers of red soil at differ-
ent stages of growth of CSHS, an Indian hybrid, post-rainy season 1977.

Root Dry Weight (% of Total)

B ii

26315 826615 82647. 11261275 > 126
78225 376825 676825 9781125 12761425

Length of Root Underground (cm ) ;
Fig. 6.20 Accumulation of dry weight in roots at different stages of growth

F'ig. 6.18 Distribution of root bio-mass at different layers of black 5% in black and red soils.
different stages of growth of CSHS, an Indian hybrid, 1977.
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The penetration of roots was also less in black soil than in red soil. Thers
the growth of the root system was more profuse in the red than in the blaggy

This might be because of the fewer number of large size pores and the pst'
water holding capacity of black soil. As the plants were grown on the gyl
moisture, the red soil with its lesser water holding capacity promoted the gut?
ward proliferation of water to the root systems. There was a stepwise incrm 1
leaf water potentials with the age of the crop both in red and black soils, tig
it was always higher in red soil indicating that more stress was experienced it

soil (at 70 and 100 DAE the brick chamber received rainfall and hence theps

a sudden fall of water potential; Fig. 6.17). There was a sharp increase ijp .,
depth up to 40 DAE in red soil and 50 days in black soil. By this time, the kg,

had crossed the flag leaf stage in red soil and reached boot stage in blackg
(Table 6.1). Senescence of roots increased rapidly after 70 DAE. During
grainfilling period, the main function of the root seemed to be restricted tog

brick chamber simulated the field condition reported by other researchers(Jz
and Weaver, 1924).

Most of the root dry matter was concentrated in the surface layers (i
22.5 cm). This accounted for 70% of the dry matter at 30 DAE and almost§

at 80 DAE in red soil. In black soil, the percentage of root dry matter in thisl

"

was even larger; total dry weight was 80% at 30 DAE and 90% at 80 DAE.Ty
roots in the deeper layers accounted for very little of the root biomass. The fing

in brick chambers corroborated with the findings of Stone et al. (1973), Buf
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pje6.2 Depth and distribution of roots of sorghum grown on black and
i soils-expressed in percentage by depth increments, Hyderabad 1975

Depths (cm) at which samples

Soil 30-60 60-90 90-120 120-150 150-180
Black soil 494 181 154 114 35 22
Red soil 354 135 194 159 14.1 1.7

nible 6.3 Relationship between root and shoot dry weight in red and

black soils at different stages of growth (correlation, brick chamber).
of support. The maximum penetration of root at the upper layer of the soilingh

1 2
1 Days after emergence 1
7 Root dry wt./plant (g) red soil  0.93** 1
3 Root dry wt./plant (g) black soil 0.72** 0.76** 1

' 4 Shoot dry wt./plant (g) red soil 0.92** 0.90** 0.82** 1

|5 Shoot dry wt./plant (g) black soil 0.94** 0.90** 0.90** 0.94** 1

worth et al. (1958) and Nakayama and van Bavel (1963). Dry matter accumuls

followed a similar pattern in red and black soils. Root dry matter started decls
after 80 DAE in red soil and 90 DAE in black soil (Fig. 6.20) by which timi
hybrid had almost reached soft dough stage.

The depth to which the roots penetrate and their distribution in diffe
horizons directly affect the plant’s ability to withstand drought. Soil scientis
ICRISAT tried to study the differences in root growth in black and red so
machine collected core samples of 7.6 cm diameter taken at 15 cm incremens
red soils and 30 cm increments in black soils. The soil and root samples we
washed to separate roots, and measurements consisted of the composite ke
of roots taken in each sample. Table 6.2 gives the data as a percentage of theld

root lengths by respective depths. Most of the roots were present in the top it

of the soil in the field, thus the results of the brick chamber studies seem toE
with field observations.
Coordination of top growth and root growth

There seemed to be a linear relationship between top and root growth
sell, 1927) during vegetative and midreproductive phase (Table 6.3) but be

60-70 days the top growth seemed to be stable while the root growth declineif

the roots senesced. This finding was similar to that obtained by Kaigama#
(1977), who found that from the sixth developmental growth stage, the al
ground growth was stable, while root depth was stable in the field from st
to stage 6. Thereafter, there was senescence in the root system which was
taken into account by the coring technique (Kaigama ef al. 1977). The extract

ofroots from the soil included both live and senesced roots. As a result, there was
ownward trend of root depth during the late grainfilling phase. Therefore, while

finot dry weight increased, the death of older roots might not be fully compensat-

wed by new growth. High yielding cereals have been reported to be accompanied

) a progressive decrease in the weight of roots (Evans and Dunstone, 1970). To
mintain the source-sink relationship, the coordination between root and shoot
growth is essential (Brouwer, 1965). This relationship is reported to alter during
e later stages of development due to changes in the partitioning of dry matter

between roots and shoots under different environmental factors (Nielsen and

mingham, 1964; Brouwer, 1965; Brouwer and De Wit, 1969; Russell, 1977).
bonzélez-Rodriguez (1989) made a quantitative estimation of root development.

The increase in plant dry matter was slow during the early stages and increased
pidly from 30 days onwards. The above ground portion formed the bulk of the
iy weight. At maturity, the stem contributed only 16% to the total dry weight in
e red soil and 10% in the black soil. The root-shoot ratio was higher in red soil

wal019) than in black soil (0.11). The low water holding capacity of the red soil

ables better plant growth by efficient usage of stored moisture. This might be
be reason for the higher growth rates in the red soil. Owing to some stress in red
0l, the normal growth of panicle was checked and the panicle was malformed.
taf area index (LAI) increased rapidly to a maximum at 50 DAE in both red
Id black soil. Thus, maximum photosynthetic efficiency is reached around boot
fage. In the black soil, CSHS attained a maximum of 5.3 LAI compared 4.9 LAI
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in the red soil.

L, Finding genotypic differences in root growth for subsequent correlation with
The study clearly shows that both shoot and root dry weight correlate poggd grought and yield responses.

with the age of the crop. Root and shoot also showed significant positive ag 4 Root competition in intercropping and to suggest ideal crop mix for diverse
tions between themselves in both soils (Table 6.3). Root dry weight increagd evironments. _ t
nificantly with the age of the crop and was much larger in red soil. Signif}s Nodulation of pigeonpea intercropped with sorghum.
positive correlations were observed between root an shoot dry weights ay, ¢ Finding out the responses of cultivars to different levels and methods of apply-
of the crop for both soils, although the relationship of root dry weight waid mgfertilisers. _ : : : ‘
than shoot dry weight. Shoot dry weight also showed a strong positive comeglq, Finding differences in root growth of cultivars induced by changes in soil
with root weight in red soil and black soil. texture, moisture and fertility.
Responses of some cultivars showing different levels of drought tolerance 4
and black soils {GENERAL COMMENTS

Four sorghum cultivars IS 1037 (drought-tolerant type), CSH8 (avoidant), (g

(intermediate), and V302 (susceptible) were grown in brick chambers g .
irri s attempts have been made to study the root systems in sorghum, very
irrigated conditions to find out differences in root growth. The brick chang Altrough P d %

. i as been made. The main reason for this is that efficient techniques
ropecleHntisg EDEAIASEN S DA B0 R, She ronr o Se T:u%ryo ?o:;ssl;stems in the field are not available. Another is that roots -unlike
Tablel6.4. :mher plant parts- are inaccesible to direct observation without elaborate excava-
Table 6.4 Dry weight of roots (g) in plant of some sorgh . L ton. Much of our knqwledge of root developn_lent is based upon laboratory

' P ghum cultiv mitured seedlings in rhizotron. As roots play an important role in the uptake of
DEcE AN e soi, water and nutrients, crop productivity is largely dependent on an efficient root
gtem. Due to the limitation in conducting root studies, it is difficult to correlate
Lerop productivity with the efficiency of root systems. The adaptability of a crop
Genotype 65 days 95 days 65 days 95 days  Pamot be judged in proper perspective if we neglect the performance of its root
IS 1037 6.88 11.41 7.95 7.62 gstem. Root estimation with the help of soil cores cannot give a clear picture of
CSH8 7.36 8.58 5.99 6.90 lbe entire root system in the field, and some simple techniques need to be devel-
CSH1 747 5.39 6.65 6.15 oped to study them. Genetic variability in the root system, which is an essential
V302 5.90 7.76 5.10 5.73 |prerequisite for genetic improvement, has been reported by different researchers.
ESrudies also report a relationship between root depth and drought resistance.
[ These need to be confirmed by further research.
It is possible to differentiate the genotypes with respect to root growth il | Asanumber of research studies indicated that more than 80% of the :;Ez:j! roc:t
b in the upper 20-30 cm soil layer, techniques need to evel-
use of the brick chamber technique. In red soil, IS 1037 and CSHS which shos ﬁ ;a:sls,eocsitfc?oinmtass e e el o eriuibe getheation

drought resistance under field conditions also showed maximum root bioBe o m senotypes on the basis of this trait. We also need to identify genotypes
Under irrigated condition, higher water holding capacity in the black soil W "o o greater root mass in the upper layer and which also have a large

less water holding capacity of the red soil might have encouraged the root B%mmber of roots at a deeper soil level. The genotype with this "root ideotype” may

in the deeper layers. Thus, the hypothesis that the roots of drought- 8e adaptable to adverse soil conditions. We need to study whether seedling root
cultivars are longer than the more susceptible ones could be confirmed usitg®ec. "o in any way related to the performance of the adult system. Therefore,
brick chamber technique.

\enotypes need to be evaluated for efficient root systems at the seedling stage
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Usefulness of the brick chamber technique

. . . - m

Despite its drawbacks, the brick chamber technique may be used for the g, 1 -3 ciress situations (water/nutrient). The hope is to correlate the

ing specific studies: _ Bresistance at the seedling stage with resistance at the adult stage. This may be

1. Development of the root system, the growth pattern and proliferatit asessed in a long glass tube, a PVC cylinder or a brick chamber, and may help
individual roots with the age of the crop and their distribution of different ., compare the total root system of different genotypes.

of the soil. Root studies in brick chambers have shown good correlation with that in the

- Correlation of root and shoot growth to assess the stage at which the®feiq iy torme of pattern of root distribution in the scil as well as the drought

system (a) shows maximum efficiency and (b) starts to senescence. fresistant nature of some sorghum genotypes. Root elongation in tube culture or




