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CIAT is a nonprofit organisation deveted 1) the agricultural and scrasmic developeunt of e
lowland tropics. The Govesament of Colembis provides suppart as hest eountey for CIAT ond
rm-MthkaMh“.ommh
Educacién Superior (FES) makes avuilabis 10 CIAT the 104-hestare subotation of Quilishse,
situated mear Samtandsr ds Quiliches, Dupastamente dol Canca. Collobomtive wesk with dn
Instituto Colombiano Agropecuario (ICA) is carried out o8 srverst of its sapericasatal shesions ond
similar work is done with antional agricultural agencies i ether Latin Americsn somries. GAT b
financed by a number of donors repressnted in the Consultative Groun for leterantions] Agriseltural
Research (CGIAR). During 1979 thess doners wess: the United Stater Ageney fov Iaternationst
Development (USAID), the Rockefcller Foundation, the Ferd Foundation, the W.K. Kellcgg
Foundation, the Canadian Internationas Development Agensy (CIDA), the iaternational Sank for
Reconstruction and Development (IBRD) through the Intornstionsl Develapment Assssintion
{IDA) the Inter-American Development Beak (1DB), the Eurepenn Bosnemis Communiy (85C)
and th: governments of Australia, Belgiom, the Federn! Ropublis of Oormany, Jupan, e
Netherlands, Norway, Switzeriand and the United Kingdom. In addition, speninl prgject funds are
supplied by vanous of the sforementionsd entitios plus the 1aternstisnnl Development Ressassh
Centre (IDRC) of Canada and the United Nations Development Pregrammne . UNDP). Informmtion
.wcmnmwmummmmn&-dqdnm
agencies, foundstions or governments. :
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Figure 6. The effect of fertilizer level on the dry matter content o’
roots at different ages at CIAT-Quilichao.

stress for four months at CIAT-Palmira had no effect on
root vield, however root dry matter content was
significantly reduced; the control plot showed a dry
matter content in roots of 35.8%, while stress periods
from 4-8 and 8-11 months after planting decreased dry
matter content to 34.2 and 32.7%, respectively. When
plants were shaded (50%) during the first three months
after planting, root yield was substantially reduced but
the dry matter content was not affected when plants
~ere harvested 8.5 months after planting. On the other
1and, 50% shading for two months during the root
wulking period reduced root dry matter content from
39.3 to 37.6% but reduced root growth rate by 37%.
Yoot clipping at three months reduced thick root
wmber, increasing the carbohydrate supply to the
'emaining roots. This treatment had no significant
iffect on either root yield or root dry matter content at
3,9, or 12 months after planting. However, two months
ifter blocking the carbohydrate supply to the roots by
ing barking, root dry matter content was reduced from
17.1 t0'22.0%.

These data suggest that varietal differences in dry
natter content are grester at higher temperatures; root
iry mat’..; content increases with plant age and then
lecling . the maximum ¢, matter content is reached
It an ear..61 ~gc when temp:: ‘atures are higher; stress
onditions (e.g.. wrtor stross, low fertility. or weed
'ompetition) that reduce carbohydrate supply to the

Toots during the bulkin wik decreses Fiot oy et

‘Mmr Strou
A prefiminary trial with: 80 clones ‘showsd lsige

differences in yield rediction resuiting from aperiodof
rain oxclusbnmoinﬁmdﬂun4b7hmmw

‘sowiitg. Trials are now established in the field to follow

in more.detsil the responses of selected clones in an
attempt to define the mechanisms of response to water
stress and, hence, to identify. the factors associsted
with the maintenance of yield under conditions of
water shortage. leuforMColHandMMoxss
(early and late bulking types, respectively) indicate a
highly developed capacity to maintain internal water
status within a close range despite a rapidly
deteriorating water supply. This is achieved by a
combination of reduction in production and expansion
of leaves, morphological and physiological
modifications to the stomatal system, and the capacity
of the fibrous root system to penetrate deep into the
soil. Data presented in Figure 7 for M Col 22 show that
after the exclusion of rainfall for two months, when
below the treated piots the soil water potential was at
-15 bars to a depth of 1 m, the combined effect of
reduced leaf area and decreased leaf diffusive conduc-
tance was able to maintain water potential values in
the stressed plants almost equal to those in the control,
Under these conditions the plants in the stressed plots
had water consumption rates at least 25% less than
the controls and were still able to maintain a slight leaf
production and apparently.- 8 slight root growti a'so. it
is necessary to slucidate the independent as well as
the dependent effects of water stress un the processes
of leaf production and of leaf carbon fixation to extend
the theories of the control of root growth by car-
bohydrate production that have already been es-
tablished for non-stressad conditions.

The response of pot -grown plants to periods of water
shortage is also being studied. In these experiments
measurement of leef photosynthesis and transpiration
show that a close relstionship exists between
photosynthetic rate and leef water potential which is
dominated by stomatal closure. The relatively low
residus! conductance to CO; iransfer within the leef,
previously: defined for cassava under well watered
conditions, is further depressed under sven short term
stress. The applicabliity of these responess of pot
grown plants must be evaluated by comperieon with
messurements of plent status:-and. respones . in the
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Table 22. Relationship berween harvest index and total plant weight with raot: yield under:i dlntn
environmental conditions. (Data from replicated yield h'hh 1977-79.) ,

Location Average (tyjil.;; of trial rYA \/V—A/—-Vyl - rYB
éuim.gu 4.9 0.813%# 0.615 o. uon 0,530°
Carimagua 15.3 0.691%s 0. 406 o 932%s 0748
Carimagua 19.1 0.773%¢ - 0,640 0.889%» és nz
Caribia 24.1 0.582%+ om o 0. 7é9n ons
Caribia 27.3 0. 852%% 0.690 0. 80768 0.436"
Caribia | 29.8 0.711%s 0.499 0. 8214+ 0.760
CIAT-Paimira 26.3 0. 840%# 0.956 0,242 o.i,mz'
CIAT -Palmira 27.8 0. 8179 0.907  0.409 0.321
CIAT-Palmira 28.6 0.918%s 1.040 0.542 0. 254
CIAT -Palmira 30,4 0. 763%» 0.823 0.551%% 0.'4#_ '(
' CIAT -Pslmira 37.2 0, 669%+ 0.708 ovevn 0670 '_:
 CIAT-Palmira 2.1 0.776%+ 0,767 _ o, 525+ om

V/v  Relative size of variance of harvest iadex or fotal plant weight to that of r°°tyiold
(variables are converted into logarithmic scale), A refers to harvest index; B to. tomm ;
weight; nd Y to root yield. . R
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Figure 36. Yield response of cassava cultivar M Ven 168 to the
application of various levels and sources of phosphorous in CIAT-
Quilichao, 19778.

phosphate was slightly inferior to the other two
sources. Methods of applicatior ranging from con-
tinuous bands under the stake to atrip and broadcast
applications, were not significantly different, which is
rather surprising for this highly P-fixing soil.

Effect of Mycorthiza on P Uptake
and Plant Growth

Two trials were conducted at University of
Queensiand, Australia, to study the effect of
mycorrhiza inoculation on P uptake and growth of
cassava, one in a P deficient soil, and another in a
flowing nutrient solution culture.

Inoculated and non-inoculated cassava plants were
grown in a highly Pfixing Oxisol to which sight leveis of
P were applied, ranging from O to 18 t P/ha. Half of the
pots were sterilized to eliminate the native mycorrhizal
population.

Tabh47ohmmcﬂmdmﬂiuﬁoﬂ,”
applications on.the P concentration in soll: 5ok
extracted by centrifugstion, as well as the. m,d
inoculation on dry matter yields and total P um ln;,[
the unsterilized soll, inoculation had a marked effecton.
dry matier yield and P upteke et the intermediste- Pf‘
levsisof0.1,0.5, 1 end 2 t/ha (equivalent100.23,1.14,
2.3 and 4.68 t PzOs/ha) However, the effect was
much more pronounced n the starilized s0il, where
inoculation increased dry matter yield three fold and
total P uptake seven fold (Figure 36).

In the sterilized soil with uninoculated plants the lack
of a mycorrhizal association essentially eliminated P
uptake until about 4 t P/ha had been applied. Thus, it
appears that cassava roots without mycorrhiza are
extremenly inefficient in P uptake, and are highly
dependent on an effective mycorrhizal association for
P uptake in low P soils.

These conclusions were corroborated in a nutrient
solution trial where inoculated and non-inoculated
plants of eight cassava cultivars and one cultivar each
of maize, rice, beans, and cowpea were grown at four
constant P concentrations of 0.1, 1, 10, and 100 4M.
Inoculation markedly increased dry matter production
and P uptake of all cassava cultivarsonly atthe 1 UM P,
while it also increased P concentrations in tops and’
roots at 0.1 uM P. At 10 and 100 /M P cassava plants
had reached near maximum yields and inoculation did
not result in mycorrhizal infection of roots nor had a
beneficial effect on dry matter yield. None of the other
species became infected in nutrient solution and all
reached their maximum yield at 1 M P, while cassava
required 10 4M P. Figure 37 shows that without
mycorrhiza, cassava has a very coarse and inefficient
root system, while with mycorrhiza, P uptake is greatly
enhanced, resulting in better top and root growth. In
nutrient solution, roots of inoculated plants were
covered with a slimy substance consisting of masses of
mycorrhizal hyphae, which greatly increased the
nutrient absorbing surface of the plant.

Long Term Fertility Trial

Since cassava extracts large amounts of nutrients
from the soil, especielly K, continuous cassava
cultivetion must lead to nutrient depletion of the soil
uniess the crop is adoquately fertilized. To study the
long term effect of cessavea cultivation on soil fertility
end cassava yields, 8 N-P-K factorial experiment which
will continue for seversl years was planted in CIAT-
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Figure 43. Meristem-culture propagation of cassave: (a} A shoot-tip prior to excision and culiure {(x40). (b}
initiation of axillary uuds {arrows) on shoot-tip cultures (x6). (c) Muttiple-shoot culture formation due to the
prolifaration of axiflary shoots [x5). {d) Routed plantlets recovered from multiple-shoot cultures by means of
the “node-bud” cutting technique (+0.5] (e} A well developed plantiet after hardening and before potting
{(x1 5). {f) Potted plants 9-10 weeks after culturing. ready for field transplanting (x0.15).

































