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•
The increasing w

orld population is putting stress on rising dem
ands for crop 

production. B
y 2050, global agricultural production w

ill have to double to m
eet the 

future dem
ands. 

 
•

C
lim

ate projections predict changes in atm
ospheric C

O
2 level, tem

perature and 
rainfall pattern. 

 •
There is high concern about direct im

pact of clim
ate change on agriculture. 

 
•

U
ncertainties related to representation of higher C

O
2  level and tem

perature 
dem

onstrate that further know
ledge upon effect of clim

ate change on agriculture is 
needed. 
 

•
To get better insight to im

pact of clim
ate change on agriculture, different aspects of 

agricultural production, such as crop grow
th and nutrition, m

ust be investigated. 
 

G
e

n
e

ral in
tro

d
u

ctio
n
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O
bjective 

• To 
discuss 

aspects, 
benefits, 

disadvantages 
and 

the 
practical 

applicability 
of 

spectral m
easurem

ents and selected vegetation indices in plant production and 
clim

ate change research. 
 Spectral m

easurem
ents 

¾
radiation reflected by a given vegetation cover is detected 

¾
used to calculate algorithm

s called “vegetation indices” (V
Is). 

 
 Vegetation indices 
num

erous applications – e.g. m
easure plant properties, predict yields, detect w

eeds 
and diseases, investigate effects of clim

ate change on crops. 

1. Spectral m
easurem

ents and selected vegetation indices in 
plant production and clim

ate change 
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 G
eneral inform

ation on radiation 
 ¾

light reaches an object  
=> radiation is absorbed/transm

itted/reflected 
¾

spectral m
easurem

ents detect the reflected radiation 
  Spectral characteristics of plant canopy 
¾

m
any plant properties have an im

pact on spectral reflectance of crops at 
certain w

avelengths 
 

w
avelengths < 700 nm

: low
 reflectance; light absorption by chlorophyll 

w
avelengths > 700 nm

: high reflectance; not used for photosynthesis  

Spectral m
easurem

ents 

D
istinct spectral reflectance curve 
of green plant canopy (M

ulla, 
2013) 
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D
ifferences betw

een platform
s 

altitude, spatial and spectral resolution, return frequency 

Satellites 
¾

return frequency, spatial resolution, cloudy conditions 
¾

estim
ation of crop biom

ass and yields on a regional scale 

A
erial system

s 
¾

transition platform
, cloudy conditions 

¾
real-tim

e site-specific agricultural m
anagem

ent decision m
aking 

Proxim
al system

s 
¾

active and passive spectrom
eters 

¾
on-the-go detection of plant properties 

P
latfo

rm
s fo

r co
n

d
u

ctin
g sp

e
ctral  

m
e

asu
re

m
e

n
ts 

C
onducting spectral  

m
easurem

ents using a handheld 
spectrom

eter (A
S

D
, 2010) 
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Selected vegetation indices 
N

D
VI (N

orm
alised D

ifference Vegetation Index) 
 ¾

reflectance ratio at near infrared (~ 790 nm
) and red bands (~ 670 nm

) 
¾

useful for assessing LAI and plant biom
ass 

¾
soil reflectance at low

 canopy densities affects N
D

V
I results 

  N
D

R
E (N

orm
alised D

ifference R
ed E

dge) 
 ¾

reflectance ratio at near infrared (~ 790 nm
) and red edge bands  

(~ 720 nm
) 

¾
sensitive to high levels of chlorophyll content  

 C
C

C
I (C

anopy C
hlorophyll C

ontent Index) 
 ¾

based on N
DVI and N

DR
E 

¾
used to m

easure plant N
 nutrition 
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G
oal 

E
stim

ating plant N
 status via C

C
C

I and C
N

I (C
anopy N

itrogen Index) by com
bining 

spectral m
easurem

ents and crop m
odels for various crops (w

heat, m
aize, potato 

and sugar beet). 

C
urrent B

O
K

U project on spectral m
easurem

ents and VIs 
(C

C
CI) 

C
onducting spectral  

m
easurem

ents at B
O

K
U

 

R
elationship betw

een C
C

C
I  

and C
N

I in w
heat (Fitzgerald et al., 2010) 
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G
oal 

gather know
ledge on the typical responses of plants to the various effects of 

clim
ate change and their im

pacts on crop production 
 A

pproach 
com

bining available long-term
 and large-scale data on historical w

eather as w
ell 

as indirect m
easurem

ents of various plant canopy characteristics based on 
spectral sensing 
 Im

provem
ent to resource use efficiency 

O
ptim

ised farm
 m

anagem
ent based on spectral sensing (fertilization, irrigation, 

plant protection m
easures) 

 Sp
e

ctral m
e

asu
re

m
e

n
ts an

d
 V

Is in
 clim

ate
 ch

an
ge

 re
se

arch 
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C
hallenges 

¾
spectra of plant canopies are influenced by various factors 

¾
m

any V
I applications need cultivar and site-specific calibrations 

¾
only few

 farm
ers have access to spectral data of their crops 

  O
pportunities 

¾
optim

ized farm
 m

anagem
ent strategies 

¾
increase in farm

 profitability 
¾

reduction in environm
ental pollution 

¾
better estim

ation of the clim
ate change effects on crops 

 C
hallenges and opportunities of spectral m

easurem
ents 

and VIs in plant production 
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  R
esearch questions 

 • H
ow

 w
as the “behavior” of clim

ate in the last three decades in Thai N
guyen province, 

the m
ountainous area in the N

orth of Vietnam
 (the study area)? 

 • D
id historical clim

ate conditions have positive im
pact on m

aize production over the 
past 30 years in the study area? 
  

2. Clim
ate change and crop grow

th 
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h
ttp

s://catalo
g.flatw

o
rld

kn
o

w
led

ge.co
m

/b
o

o
kh

u
b

/2
6

5
7

?e=
b

e
rglee_1

.0
-ch

0
5

_s0
5
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S
ource: 

http://w
w

w.colorado.edu/geography/class_hom
epages/geog

_3251_sum
08/ 

S
ource: http://cafef.vn/thai-nguyen-nhieu-noi-ngap-lut-nghiem

-
trong-do-anh-huong-cua-bao-so-6-20170825111338504.chn 
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O
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W
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N
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E
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N
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P
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W
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Value
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N
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W

S
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M
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Yield gap betw
een R

-ed condition and M
easured condition 

Yield gap in com
parison betw

een m
aize yield under R

-ed condition and N
W

S
 condition 
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(A
nh, 2016) 
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3. Clim
ate im

pact on xylem
 tissue 

in w
oody plants 

 
�

The im
portance of w

ood as a renew
able natural resource  

�
C

am
bial activity and form

ation of w
ood 

�
D

endrochronology and variability of tree-ring characteristics  
�

Plants’ functional adaptations to clim
ate change and cam

bium
 plasticity 
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Xylem
 functioning and its significance 

for plants’ survival 

 �
Transport system

s in plants: xylem
 and phloem

 tissues 
�

C
ontinuous netw

ork of conduits: root-stem
-leaf transport 
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C
onstant environm

ental changes - 
cavitation and em

bolism
 occurence
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Linking xylem
 hydraulic properties to 

environm
ent 

 �
Tree-ring anatom

y – definition and significance of this m
ethodological 

approach 
�

D
iagram

s and m
odels – sim

plification of hypothesized physical or 
physiological interrelationships 
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  �
W

ood-anatom
ical 

m
odifications 

can 
greatly 

differ 
depending 

on 
tree 

m
etabolism

 and species specific w
ood structure, as w

ell as on the tim
ing of 

the season w
hen the particular environm

ental event occurs 
 �

M
odifications of xylem

 tissue, 
 regarding cell size, num

ber and shape 
�

S
easonal pattern of adaptations 

�
S

pecies-specific responses  
to contrasting w

ater supply 
�

Im
portance of previous  

grow
ing season conditions 

�
B

im
odal patterns of cam

bial  
activity and cell differentiation  
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P
hotom

icrographs of cross sections from
 w

ell-
w

atered control trees in early (A
) and late (C

) 
sum

m
er com

pared w
ith those from

 drought-
treated trees in early (B

) and late (D
) sum

m
er. 

B
lack lines show

 the size of the different zones 
of w

ood cell developm
ent in control and 

drought-treated trees. N
um

bered arrow
s in A 

and B
 give exam

ples of new
ly form

ed fibers 
that define the xylem

 considered for 
anatom

ical analysis. A
bbreviations: P

h, 
phloem

; C
a, cam

bium
; E

Z, xylem
 cell 

expansion zone; and S
W

, secondary cell w
all 

form
ation (from

 A
rend and From

m
, 2007). 

D
eform

ed vessel elem
ents (arrow

s) in the outerm
ost xylem

 of 
drought-treated poplar trees in early (A

) and late (B
) sum

m
er (from

 
A

rend and From
m

, 2007). 
(B

elow
) Tree-ring w

idth chronologies (n = 15) of control and (at 
least tem

porarily) irrigated oak and pine. B
lack, trees of the 

irrigation or irrigation stop site; grey, trees of the control site; and 
arrow, the year irrigation stopped (from

 E
ilm

ann et al., 2009). 
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  �
C

avitation resistance in deciduous vs. 
evergreen angiosperm

s and conifers 
�

Influence of non-clim
atic factors on 

xylem
 attributes – com

petition, soil, 
individual tree features 

 C
lim

ate 
change 

im
pacts 

on 
plant’s 

functioning 
w

ill 
inevitably 

increase 
in 

future 
and 

vegetation’s 
responses 

to 
drought and other environm

ental threats 
are 

the 
key 

factor 
that 

w
ill 

determ
ine 

plants’ survival rate.  
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  4. M
anaging nitrogen for sustainable developm

ent and its role 
in clim

ate change 
Tem

perature effects on N
itrogen C

ycle 

 
D

ecom
position of 

soil organic m
atter 

faster w
ith high 

tem
peratures 

M
INERALIZATIO

N  
(m

icroorganism
s 

activity) 
DENITRIFICATIO

N
  

 

NITRIFICATIO
N

  
 

VO
LATILIZATIO

N
 

w
arm

 soil w
ith urea 

broadcast on the 
surface ideal for 
am

m
onia losses 
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 Precipitation effects on N
itrogen C

ycle
 

 
precipitation increase = 

plant N
 uptake from

 the soil 
increase 

soil dry  = there is less 
plant transpiration that 
results in decreased N

 
uptake   

 
M

INERALIZATI
O

N and 
NITRIFICATIO

N
 

 

C
onditions of no 

oxigen:   
INCREASED 

DENITRIFICATIO
N

 

R
ain

fall
W

ith
in

 d
ays afte

r 

ap
p

licatio
n

N
 vo

latilizatio
n

 

lo
sse

s

0.4
2

0

0.4
3

10

0.1 to
 0.2

5
10 to

 30

0
5

30+

Effe
cts o

f rain
fall o

n
 N

 vo
latilizatio

n
 lo

sse
s

VO
LATILIZATIO

N
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   Therm
o-rainfall conditions: em

ission N
₂O

 

+ soil m
oisture 

+ tem
perature 

N
₂O

: greenhouse gas w
ith high radiative 

forcing per unit m
ass. 

A
gricultural soils are assessed to produce 

2.8 (1.7–4.8) Tg N
2O

-N
 year−1  
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   The problem
 of clim

ate change: N
itrogen cycle 

 
     

          
For exam

ple hottest and m
ost hum

id conditions could: 
�

Increase nitrification 
�

Increase denitrification rates 
�

Increase nitrogen release by m
ineralization 

�
Increase N

2O
 production 

red
u

cin
g p

o
w

er o
n

 
N₂O em

issions through soil drying and an 
in

crease in
 n

itro
gen

 u
p

take
 

C
hanges in the N

itrogen 
cycle 

Increase global m
ean 

tem
perature: 1.5°C

 to 4°C
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   M
itigation strategies for clim

ate change 
 

N
U

E
 im

proved by:  
 -

R
otations w

ith cover crops: im
proved 

yield and crop quality, 
     enhanced erosion protection, reduced 
runoff and pollutants  
     in runoff, increased soil organic m

atter, 
incresed biological  
     activity in the soil, reduced soil 
com

paction.  
 -

B
etter P

rediction of C
rop N

itrogen and 
W

ater R
equirem

ents: 
      needs of the crops m

easured w
ith a 

soil test approach or  
      yield goal  
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   M
itigation strategies for clim

ate change 
 P

recision N
itrogen m

anagem
ent: the right 

tim
e and the right place 

�
M

easuring the concentration of nitrogen in plant sap or plant tissue, or in         
a laboratory, or directly in the field using a test kit; 

�
M

easuring the chlorophyll content in the leaves using a sim
ple chlorophyll 

m
eter; 

�
M

easuring the reflectance of crop foliage through rem
ote sensing 
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5. Im
pact of the environm

ent on uptake of m
icronutrients 

 
Introduction 
 •

Feeding the w
orld's grow

ing population in the present era of clim
ate change is a 

serious challenge. 
 

•
C

lim
ate m

odels predict that w
arm

er tem
peratures and increases in the frequency 

and duration of drought during 21
st century w

ill have net negative effect on 
agricultural productivity. S

cientific publications on the isolated effects of elevated 
C

O
2  level, tem

perature rise and w
ater supply, on crop grow

th and yield synthesis, 
biom

ass accum
ulation and crop yield are necessary to predict im

pacts of clim
ate 

change on agriculture 
 •

E
lem

ental com
position in plant tissue is expected to change in future high C

O
2  

w
orld . 

 •
E

ffects of clim
ate change on soil fertility and the ability of crops to acquire and 

utilize soil nutrients is poorly understood, but it is essential for understanding the 
future of global agriculture. 
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 M
icronutrients in plants
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  D
rought effect on m

icronutrient acquisition 

•
C

rop 
yields 

on 
soils 

in 
developing 

countries 
decrease 

exponentially 
w

ith 
increasing aridity. S

oil m
oisture deficit directly im

pacts crop productivity and 
also reduces yields through its influence on the availability and transport of soil 
m

icronutrients. 
 •

D
rought increases vulnerability to nutrient losses from

 root zone to erosion. 
B

ecause nutrients are carried to the roots by w
ater, soil m

oisture deficit 
decreases nutrient diffusion over short distances. 

 •
R

eduction of root grow
th and im

pairm
ent of root function under drought thus 

reduces m
icronutrient acquisition capacity of root system

. 
 •

In w
et soils. Fe

2+/Fe
3+ ratio is higher, w

hich results in greater Fe availability for 
plants. U

nder drought condition, the greater presence of O
2  in the soil induces a 

decrease in the Fe
2+/Fe

3+ ratio, leading to a decrease in available Fe for plant 
absorption, since Fe

2+ is m
ore soluble then Fe

3+ . 
 •

The conversion of M
n to its reduced and m

ore soluble form
s is increased in 

m
oist soil conditions 
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  D
rought effects on m

icronutrient acquisition 
 •

M
ahonachi et al. (2006) found an increase of Cl - concentration in leaves and 

roots of papaya after 34 days of w
ater stress. H

ence, together w
ith organic 

solutes these ions contribute to osm
otic adjustm

ent in plants and therefore, under 
conditions of low

 supply, sym
ptom

s are visible m
ainly in aerial m

eristem
s, young 

leaves and reproductive organs. 
 •

Cu critical free concentration in the m
edia ranges from

 10-14 M
 to 10-16 M

. 
B

elow
 this range C

u deficiency occurs. 
 

•
A

ccording to R
eddy (2006) B

 deficiency is m
ainly seen in soils w

ith high pH
 and 

under drought conditions. 
 •

The low
er diffusion of Zn in dry soil restricts uptake of Zn and m

ay exacerbate Zn 
deficiency. 

 •
H

igher Ni m
obility w

as also reported in the soils w
ith low

er hum
us content, lighter 

granulom
etric com

position and higher m
oisture content. 
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•

S
urface erosion during intense precipitation events is a significant source of soil 

nutrients loss in developing countries. 
 •

A
gricultural areas w

ith poorly drained soils or that experience frequent and/or 
intense rainfall events can have w

aterlogged soils that becom
e hypoxic. 

  •
The change in soil redox status under low

 oxygen can lead to elem
ental toxicities 

of M
n, Fe, B, N

i, w
hich reduces crop yields and the production of phytotoxic 

organic solutes that im
pair root grow

th and function. 
 •

H
ypoxia can also result in nutrient deficiency since the active transport of ions 

into root cells is driven by ATP synthetized through the oxygen dependent 
m

itochondrial electron transport chain.  
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  Effect of high tem
perature and elevated C

O
2  level on m

icronutrient 
aquisition 

 • If under dry conditions higher tem
peratures result in extrem

e vapor pressure deficits 
that trigger stom

atal closure (reducing the w
ater diffusion pathw

ay in leaves), then 
nutrient acquisition driven by m

ass flow
 w

ill decrease. 
 • Tem

perature driven soil m
oisture deficit slow

s nutrient acquisition as the diffusion 
pathw

ay to roots becom
es longer as ions travel around expanding soil air pockets. 

 • P
rojections to the end of this century suggest that atm

ospheric C
O

2  w
ill top 700 ppm

 
or m

ore, w
hereas global tem

perature w
ill increase by 1.8–4.0 °C

, depending on the 
greenhouse em

ission scenario. 
 • C

rops 
sense 

and 
respond 

directly 
to 

rising 
C

O
2  

through 
photosynthesis 

and 
stom

atal conductance. 
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•

The net effects of clim
ate change w

ill be negative for agricultural production. 
 •

D
rought induced by higher tem

peratures and altered rainfall distribution w
ould 

reduce nutrient acquisition. 
 •

M
ore intense precipitation events w

ould reduce crop nutrition by causing short-
term

 root hypoxia, and in the long term
 by accelerating soil erosion. 

 •
Increased tem

perature and elevated C
O

2  level w
ill reduce soil fertility by 

increasing soil organic m
atter decom

position, and m
ay have profound effects on 

crop nutrition by altering plant phenology. 
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 •
In previous sections, clim

ate change im
pact on different aspects of crop production 

      w
as 

described. 
The 

question 
w

hich 
arises 

is 
how

 
can 

crop 
productivity 

be 
increased w

hile ensuring the sustainability of agriculture and the environm
ent for 

future generations?  
 •

C
hanges in environm

ental conditions m
ay substantially alter N

 balance and cycling, 
w

hich links geosphere, biosphere and atm
osphere, thus producing considerable 

challenges in term
s of nitrogen m

anagem
ent. 

 
•

A
dditional studies that investigate plant hydraulics over space and tim

e are greatly 
needed to assess the vulnerability of crops to clim

ate change and possibilities to 
im

prove plant resilience. 
 

•
The results suggest that the indices w

ill becom
e even m

ore valuable tool for 
researches 

to 
gain 

better 
understanding 

of 
global 

clim
ate 

change 
effect 

on 
agriculture. 
 

•
G

iven the potential adverse im
pacts on agriculture that could bring about clim

ate 
change, it is w

orthw
hile to conduct m

ore in-depth studies and analyses to gauge 
the extent of problem

s that agriculture m
ay face in the future. 

 
 


