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Abstract

This study aimed to investigate the physiological responses of two cassava genotypes with different
branching patterns to different nitrogen fertilizer application rates. A split-plot in a randomized complete block
design with 4 replications was used. Main plot was three nitrogen fertilizer application rates, i.e., 0, 15 and 30
kg/rai (NO, N1 and N2). Subplot was two cassava varieties, i.e., Rayong 9 (non-forking) and CMR38-125-77 (forking).
The results demonstrated that with difference in nitrogen fertilizer application rates, no significant difference was
observed for chlorophyll florescence (F,/F,,) at 2 and 4 months after planting (MAP), specific leaf area (SLA) at 2
and 6 MAP, crop growth rate (CGR) during 2-4 MAP, the content of chlorophylls and net assimilation rate (NAR) at
all growth stages but significant difference was observed for leaf area (LA) and leaf area index (LAI) at 2 and 6 MAP
and tuber dry weight at 6 MAP. However, different cassava genotypes resulted in differences in LA and LAl at 2
and 6 MAP, in SLA and CGR at 4-6 MAP and in NAR at 2-4 MAP. Furthermore, the interaction between nitrogen
fertilizer application rates and genotypes was recorded for F/F,,, LA, LAl and tuber dry weight. It was noted that
Rayong 9 showed a high response to nitrogen fertilizer application, having higher values of LA, LAI, SLA, NAR, CGR
and tuber dry weight under N1 and N2 when compared to CMR38-125-77. In contrast, CMR38-125-77 showed no
significant difference in canopy development (LA and LAI) and tuber yield at all nitrogen fertilizer application
rates. The stepwise linear regression analysis revealed that tuber dry weight was significantly correlated with CGR
at 2-4 MAP and LA at 4 MAP (R?=0.54%). Starch content was significantly correlated with several physiological traits
(R?=0.78*). The information obtained from this study will be useful for the appropriate management of nitrogen

fertilizer and the indirect selection of cassava varieties.
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Table 1 Soil physicochemical properties prior to planting cassava at the depth of 0-60 cm

Soil physicochemical properties Values
pH (1:1 H,0) 6.08
Organic matter (%) 0.39
Total nitrogen (%) 0.02
Available phosphorus (mg/kg) 33.75
Exchangeable potassium (mg/kg) 23.55
Electrical conductivity (dS/m) (1:5 H,0) 0.03
Soil texture Loamy sand

60 120
—_— Maximum temperature
- Minimum temperature

50 | eeeeees Relative humidity 100

Rainfall

40

30

Temperature (°C)

20

10

90
Days after planting (day)

Rainfall (mm) and relative humidity (%)

120 150 180

Figure 1 Maximum temperature (°C), minimum temperature (°C), Rainfall (mm)

and relative humidity (%) during the crop growth period of cassava
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CMR38-125-77 fidnviniu 0.525, 0.595 uay 0.623 ifle
Ugnluann No, N1 waz N2 mudisty vaziiiusseoes
9 fiAinfu 0.492, 0.546 waz 0.552 laUgnluanin
NO, N1 g N2 @1a19u LagnuAINULANA1aN19aDa
vosmafistuluiudsmdatugsvees 9 winiu (Table 2)

dmsu LA waz LAl wudinmstadelulasiauly
Snsifiugetu awvtlsianindeves LA uag LAl iiuuly

ae Feazdaaudledud1vsndsliony 6 wounigldnis

aa o

Ugnluanin N2 lidfiuans1mnead@idu N1 uag NO

vaurAeievesiuiiudusndafiony 2 Wow wuindiu

3

o

dUzndaneiug CMR38-125-77 95dl LA uaz LAl g
niiugszees 9 egeildedAynead uiiieny 4 weu
fiendiliuansneiunieada egdlsinufidudendieny

s =

6 WaundunwuINTud U nasEgnugseene 9 98l LA

El

o

WAy LA gandnwug CMR38-125-77 agaiiteddgni
af (Table 2 uaz Table 3) uazaNATAATIEYiARAe
vosiladsiuvesan LA wag LAl wuiiisfudusvdaiiong
2 \plounaugn nsuds N1 x CMR38-125-77 @1 LA
uay LAl gefige vauzfisudevdeeny 4 waz 6 Wieu
WUIINT3AT N2 x 52894 9 11 LA uae LAl gsdign (Table
2 uaz Table 3)

Table 2 Chlorophyll fluorescence (F,/F,,) and leaf areas (LA) (cm?/plant) at 2, 4 and 6 months after planting (MAP)

of two cassava genotypes planted under three nitrogen fertilization regimes

Treatment Chlorophyll fluorescence (F,/F,,) Leaf area (LA) (cm?/plant)
2 MAP 4 MAP 6 MAP 2 MAP 4 MAP 6 MAP
Nitrogen fertilization Regimes (N)
0 keN  (NO) 0.625 0.643 0.509b 3,134a 13,739 5,195b
15 kgN (N1) 0.627 0.620 0.570a 3,626a 14,716 5,218b
30 KeN (N2) 0.610 0.595 0.587a 2,337b 14,063 8,586a
Genotypes (G)
CMR38-125-77 0.639 0.623 0.581a 3,925a 13,335 5,160b
Rayong 9 0.603 0.616 0.530b 2,139b 15,010 7,505a
N x G Interaction
NO x CMR38-125-77 0.682a 0.630ab 0.525ab 3,904b 14,847ab 4,810b
NO x Rayong 9 0.567b 0.657a 0.492b 2,365¢ 12,601bc 5,581b
N1 x CMR38-125-77 0.609ab 0.620ab 0.595ab 5,270a 14,551ab 5,446b
N1 x Rayong 9 0.645ab 0.621ab 0.546ab 1,982c 14,881ab 4,989b
N2 x CMR38-125-77 0.625ab 0.620ab 0.623a 2,603c 10,578¢ 5,225b
N2 x Rayong 9 0.596ab 0.570b 0.552ab 2,073c 17,548a 1,1947a
CV (a) 13.21 14.31 15.61 18.68 14.31 19.11
CV (b) 8.39 13.72 9.91 24.29 13.72 34.73
N ns ns * * ns x>
G ns ns x* x> ns *

N x G Interaction

*

*%

*

*

*¥*

*

ns, * and ** = non-significant difference, significant at the 0.05 and 0.01 probability levels, respectively;

Values in the same column followed by the same letter are not significantly different at the 0.05 probability levels by the

least significant difference (LSD) test.
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Table 3 Leaf area indexes (LAI) at 2, 4 and 6 months after planting (MAP) and tuber dry weights (kg/rai) at 6 MAP

of two cassava genotypes planted under three nitrogen fertilization regimes

Treatment Leaf area index (LAI) Tuber dry weight (kg/rai)
2 MAP 4 MAP 6 MAP 6 MAP
Nitrogen fertilization regimes (N)
0 kgN  (NO) 0.490a 2.147 0.812b 1,361a
15 kgN (N1) 0.567a 2.299 0.815b 1,280a
30 KeN (N2) 0.365b 2.197 1.342a 1,651b
Genotypes (G)
CMR38-125-77 0.613a 2.084 0.806b 1,439
Rayong 9 0.334b 2.345 1.173a 1,419
N x G Interaction
NO x CMR38-125-77 0.610b 2.320ab 0.752b 1,516ab
NO x Rayong 9 0.370c 1.969bc 0.872b 1,206b
N1 x CMR38-125-77 0.823a 2.274ab 0.851b 1,430ab
N1 x Rayong 9 0.310c 2.325ab 0.780b 1,120b
N2 x CMR38-125-77 0.407c 1.653¢ 0.816b 1,372ab
N2 x Rayong 9 0.324c 2.742a 1.867a 1,931a
CV (a) 18.61 14.32 19.11 15.23
CV (b) 24.26 13.72 34.73 17.73
N *x ns *x *
G *x ns * ns

*%

N x G Interaction

*%

* *

ns, * and ** = non-significant difference, significant at the 0.05 and 0.01 probability levels, respectively;

Values in the same column followed by the same letter are not significantly different at the 0.05 probability levels by the

least significant difference (LSD) test.
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mqaﬁal,ﬁaﬂqﬂiuamw N2 (17,548 @15199URALUAT)
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3.3, YSurunaslsiade 4 aaalsiladsiy way
wWadidududs
a 3 a
1NAFAATIEVANULUTUTIUYDIUTU
ralsiadie U (Wldkanoya) wasUSinamaslsiladsiu

vosudUenaa 2 Wug Nene 2, 4 uaz 6 Wwau Alasuley

s

lulpsiaudnsiansiu nuindnsidelulasiau uagiug

2

fudUznaansneiu llinasoanuwnnfnavasuSunn

paplsfiadie U warUsunumaslsiaasiuvestiuduzviaa

719 2

[V

WUD

3

waEnNYI9018n15La3yLAule wazliny

s

Ufserduiussenineszaulelulasiau uasiuglunn

srggn1asyLiule (Table 4) Jud1Usndsagwus

o El

CMR38-125-77 #iUSunaumanlsiadie #naanyl9ns

I A

wigAulaszning 3.76-4.15 lulasnduneiiadans uway

Wugsreed 9 HA15ening 3.32-4.20 lulpsnsuseliadans

v ¢

AaslsiladUveiudendsaneiug CMR38-125-77 og

]

I a

3¥WIN9 0.70-0.96 lulasniusiefiadans uasiudszusd 9

TA15¥139 0.69-0.96 lulasnsusaiiadans (ulawans

a
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Joya) wazanelsiladsinvesaeiug CMR38-125-77 &

A1083enINe 4.46-5.10 lulasnTusiefiadfing uaziiu

2o

' a

889 9 UA10ETEning 4.01-5.16 lulasnsuneliadans
(Table 4)

dwmdueidudut wuidnsdelulasau was
Wugiudgndefisnetulidsmadenuunndisues
Wofdusutleiiony 6 1ieu wazlinudfasendusius
sevineseiulolulasiau uazWus (Table 4) uaziilovin
miL‘U%?fuL17'|szhLaaﬂwudwﬁmwﬂaluimwuﬁl,ﬁmqq%u
fwwa v livesiduduleanas udliunnsisiunig
adf lnanislide No filesidudutanindu 253
Woasidud wazn1slide N1 waz N2 Sasiduduls
Wiy 23.1 Wesidud waz 209 Wesidud wazily
dgndsanenug CMR38-125-77 Sldadoiefifudutl
U 22,5 Wediiud vaugfiudendaiugszees 9 4

Anadsasifudiunteiu 23.7 Weasidud

Table 4 Total chlorophyll contents at 2, 4 and 6 months after planting (MAP) and starch contents at 6 MAP of

two cassava genotypes planted under three nitrogen fertilization regimes

Treatment Total chlorophyll (ug/ml) Starch content (%)
2 MAP 4 MAP 6 MAP 6 MAP
Nitrogen fertilization regimes (N)
0 kgN (NO) 4.34 4.67 4.84 253
15 kgN (N1) 4.21 5.06 4.87 23.1
30 KgN (N2) a.17 5.32 5.01 20.9
Genotypes (G)
CMR38-125-77 4.46 4.86 5.10 22.5
Rayong 9 4.01 5.16 4.70 23.7
CV (a) 20.15 16.72 15.88 8.77
CV (b) 10.12 15.16 12.18 6.81
N ns ns ns ns
G ns ns ns ns
N x G Interaction ns ns ns ns

ns = non-significant difference
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3.4. Huilusuwre (SLA) Sasimsinigivia
(CGR) wazdnsnsazauthmiindaitsiuiilusenan
(NAR)
1NNFIATIERAULUSUTIUVDS SLA ﬁawq 2,
4 woz 6 1fou CGR uay NAR 71 2-4 1iou uag 4-6 1w
wuidasdelulnsiauiiiefudinaseanuuandiaves
SLA #9718 4 1fieu waz CGR 7ieng 4-6 Loy wagwuad
uandnsseineugiudUgnddudnung SLA fleny 4
uay 6 Wouwhiy uarlinuufiseduiussenwinessiy
Jelulasiau uaziuglunnanvae (Table 5)
WlewssuifisuAiladsves SLA vo iy
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e
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Uelulasiou leun SLA waz CGR azuansbiiuiniugiiu
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T [14]

Table 5 Specific leaf areas (SLA) at 2, 4 and 6 months after planting (MAP), crop growth rates (CGR) and net assimilation

rates (NAR) during 2-4 and 4-6 MAP of two cassava genotypes planted under three nitrogen fertilization regimes

Treatment Specific leaf area Crop growth rate (CGR) Net assimilation rate (NAR)
(SLA) (g/m?/day) (g/cm?/day)
2MAP 4 MAP 6 MAP 2-4 MAP 4-6 MAP 2-4 MAP 4-6 MAP
Nitrogen fertilization
regimes (N)
0 kgN (NO) 178.9 194.5b 175.9 4.17 5.67c 0.08 -0.05
15 kgN (N1) 179.4 192.4b 172.3 4.98 7.88b 0.04 -0.08
30 KgN (N2) 171.1 215.4a 173.5 4.55 12.01a 0.10 -0.05
Genotypes (G)
CMR38-125-77 178.6 1940b  165.2b 474 4.76b 0.07b -0.05
Rayong 9 174.3 207.6a  182.2a 4.39 12.29a 0.08a -0.07
CV (a) 19.57 5.55 5.23 7.90 15.81 17.79 34.52
CV (b) 18.29 7.34 7.40 10.73 14.84 19.20 32.76
N ns * ns ns * ns ns
G ns * * ns * * ns
N x G Interaction ns ns ns ns ns ns ns

ns and * = non-significant difference and significant at the 0.05 probability level,

Values in the same column followed by the same letter are not significantly different at the 0.05 probability levels by the

least significant difference (LSD) test.

11
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Table 6 Stepwise linear regression of tuber dry weight (kg/rai) and starch content (%) and physiological traits of

two cassava genotypes planted under three nitrogen fertilization regimes

Variable Coefficient t R?
Tuber dry weight (kg/rai)
Constant 0.220 0.61ns 0.54
CGR during 2-4 MAP 0.110 2.34*% (P<0.05)
LA at 4 MAP 0.000 2.61**
Starch content (%)
Constant 66.22 8.84**
CGR during 2-4 MAP 4.164 3.75%*
CGR during 4-6 MAP 0.172 3.16%*
LA at 4 MAP 0.001 3.19%* 0.78
F/F. at 6 MAP -30.31 -4.74% (P<0.05)
Total chlorophyll at 4 MAP -2.68 -2.96%
Total chlorophyll at 6 MAP -3.15 -4.67%*
LAl at 2 MAP -32.30 -3.40**
NAR during 4-6 MAP -312.6 -4.05%*

ns, * and ** = non-significant difference, significant at the 0.05 and 0.01 probability levels, respectively;

MAP = months after planting (MAP)
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5. unagy

dasolulasioudineiulidimadedn F/F,
Ysuruaaslsiladio U Aaelsiladsiu SLA, CGR uay
NAR vasiudlendanounnszeznsiasyiivle sniiu
A1 F/F, #197g 6 Liou SLA flong 4 Loy uaz CGR 1
01y 4-6 1iou vnziinaslddelulnsiausnsiidnsiu
danaraALLANGAI9YDY LA, LAl kagtmiinuiei uas
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dnway LA uag LA 91y 2 uag 6 Lo SLA uaz CGR
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NAKNAMILIT 21NN1TIATIZN stepwise linear regression
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° o = o ¢ 1 & = o @ v
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