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Abstract.  Source-sink relations can regulate photosynthate partitioning in plants. In order to study the effect of defoliation and ear 
removal treatments on maize yield, yield components and produced seed germination traits, two experiments were conducted in 
2012. A field experiment included four defoliation treatments (D1= control, no leaf removal, D2= defoliating 1/3 leaves, D3= 
defoliating 2/3 leaves, D4= defoliating all leaves) and two ear removal treatments (E1= no ear removal, E2= 1/2 ear removal). 
Germination traits of seed produced from maternal plant under defoliation and ear removal treatment were tested at a laboratory 
experiment. Results showed that under no leaf removal, no ear removal had higher seed yield. Complete defoliation reduced ear 
weight, seed number per row, cob length and seed yield compared to control (D1E1). D4E2 produced higher seedling weight than 
D1E2 and D4E1. Under ½ ear removal, complete defoliation increased seed vigor. These provide evidence for maternal 
environmental effects on seed germination. 
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Introduction 
 
Dry matter production of crop plants depends on the source-
sink relations. Leaves and seeds are known as sources and 
sinks, respectively. In maize (Zea mays L.), prevention of pol-
lination or removal of the ears after flowering resulted in 
premature senescence of the leaves above the ear (Allison & 
Weinmann 1970). Prevention of ear pollination causes a re-
markable reduction of dry matter accumulation and changes 
in various metabolic parameters (Ceppi et al. 1987). In 
wheat, removing one quarter of spikelets increased grain 
mass (Wang et al. 1998) and removal of 50% spikelets de-
creased grain yield per main spike by 37.01% and increased 
100-grain weight by 9.44% (Alam et al. 2008). Seed quality is 
a noticeable factor for seed production in crop plant. Pro-
duced seed quality in maize (Zea mays) was affected by dif-
ferent defoliation treatments on maternal plants 
(Umashankara 2007). Maize (Zea mays) plants under com-
plete defoliation had the lowest seed yield, ear weight, row 
number per ear, cob weight and 100-seed weight, but had 
higher seed germination percentage, rate and vigor (Heidari 
2013). Maize is widely cultivated in west of Iran. Little in-
formation is available about effect of material plant envi-
ronment such as defoliation and ear removal on seed germi-
nation traits of maize. So, the objective of this study was to 
determine maize (Zea mays) seed yield and germination 
traits of produced seed under sink and source manipulation 
treatments. 
 
 
Materials and Methods  
 
Experiment 1: Field Experiment 
A field experiment was conducted as a factorial layout based on 
randomized complete block design (RCBD) with three replications at 
Chamchamal plain, Kermanshah, Iran in 2012 (Latitude 34° N, longi-
tude 47° E, and altitude 1300 m above sea level). Average annual 
rainfall of the area is 442 mm (IMO 2012). Factors included four defo-
liation treatments (D1= control, no leaf removal, D2= defoliating 1/3 
leaves, D3= defoliating 2/3 leaves, D4= defoliating all leaves) and 
two ear removal treatments (E1= no ear removal, E2= 1/2 ear re-
moval). 25 kg ha-1 of maize seeds (Zea mays, cv S.C. 704) were sown 
on April 18, 2012. Plants were irrigated 4 times. Urea fertilizer 
[46=N%, CO (NH2)2] at 250 kg ha-1, was applied as split application 
and top dressing. Johnson grass (Sorghum halepense), common lamb-

squarter (Chenopodium album) and common amaranth (Amaranthus 
retroflexus) was superior weed plants of the maize field. Weeds were 
controlled by Nicosulfuron (Cruz) herbicide and 2, 4-D + MCPA 
herbicide.  

Plot size was 3 *3 m2. The distances between plots and between 
replications were both 1.5 m. Defoliation and ear removal treatments 
were imposed at silking stage (91 days after sowing). When maize 
plants yellowed, they were harvested. Seed yield, cob weight, ear 
skin weight, ear weight and100-seed weight were measured by ran-
dom selection of five plants per plot after drying the plant parts. 
Row number per cob, seed number per row and cob length were 
measured by random selection of three ears per plot. 
 
Experiment 2: Laboratory Experiment 
After harvesting seeds from maternal plants, they were stored for 3 
weeks. Seeds of the field experiment were used for a laboratory ex-
periment. In the laboratory experiment, germination traits of seed 
produced from maternal plant under different defoliation treatments 
were tested to study the effect of maternal environment. The ex-
periment was conducted as a factorial layout based on randomized 
complete block design (RCBD) with three replications in fall 2012.  

Sodium hypochlorite solution was used to sterilize seeds (1% ac-
tive chlorine, for 10 min). Ten seeds were then placed in each Petri 
dish and 10 ml of distilled water was added. The experiment was 
conducted in a growth chamber at 25oC. Two millimeters growth of 
coleoptile was the criterion for germination. The trial period was 7 
days. Seed vigor was estimated using the formulae (Sharifzadeh et 
al. 2006): 

Seed vigor (% cm) = [Radicle length (cm) + Caulicle length (cm)] 
* [% Germination]  

Seed vigor (% g) = [Radicle weight (g) + Caulicle weight (g)] * [% 
Germination] 

 
Statistical analysis 
All data were analyzed using analysis of variance (ANOVA). Means 
were separated using The Multiple Range Test of Duncan (P < 0.05) 
using SAS software (version 9.1). Correlation coefficients were calcu-
lated using SPSS software (version 16.0). 
 
 
Results 
 
Experiment 1: Field Experiment 
Ear skin weight and ear weight. Removing all leaves severely 
reduced ear weight (Table 1). Under each defoliation level, 
there was no significant difference between ½ ear removal 
and no ear removal in terms of ear weight except D1. D1E2 
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had lower ear weight than D2E2. D2E2 and D4E2 had the 
lowest ear skin weight (Table 1). Ear weight had a positive 
and significant correlation with seed yield, cob weight and 
seed number per ear (Table 2). 

Row number per ear and seed number per row. Under no ear 
removal, complete defoliation severely reduced row number 
per ear and seed number pre row (Table 1). ½ Ear removal 
reduced seed number per row compared to no ear removal 
except D4 E1. It is due to that ½ seeds were removed from 
the ear; however ear compensated this failure by retaining 
row number per ear under defoliation (for example D4E2 
and D4E1 compared to D1E1).  

Cob length and cob weight. Under no ear removal, com-
plete defoliation reduced cob length (Table 1). Cob length 
was less sensitive to defoliation than other studied trait, it is 
due to that cob elongation was most likely partially com-
pleted at silking stage and defoliation at this stage did not af-
fect further growth of the organ. Cob weight reduced as de-
foliation level increased (Table 1). Under each defoliation 
level, there was no significant difference between ear re-
moval treatments. Cob weight had a positive and significant 
correlation with ear weight, ear skin weight, seed number 
per row and seed yield (Table 2).   

Seed yield and 100-seed weight. Under no leaf removal, ½ 
ear removal reduced seed yield (Table 1). There was no sig-
nificant difference between ear removal treatments under 
each defoliation level except D1 in terms of seed yield. Con-
trol (D1E1) had the highest seed yield. As defoliation level 
increased, seed yield reduced. Seed yield had a positive and 
significant correlation with ear weight, seed number per row 
and cob weight (Table 2). Defoliation reduced 100- seed  
weight (Table 1).  
 
Experiment 2: Laboratory Experiment 
Seed germination percentage. Under no leaf removal, ½ ear re-
moval reduced seed germination percentage (Table 3). Un- 
der ½ ear removal, complete defoliation increased seed ger-
mination percentage. Seed germination had a positive and 
significant correlation with root length and seed vigor based 
on length (Table 4). 

Shoot length and root length. Defoliation treatments had no 
significant effect on seedling shoot length (Table 3). Under 
each defoliation level, no ear removal had higher seedling 
root length than ½ ear removal except D4 (Table 3).  Under 
½ ear removal, defoliation increased root length. At the field 
experiment, defoliation reduced 100-seed weight. This thin-

ner seed had higher seed germination percentage, root 
length, seedling weight and vigor (Table 3). 

Seedling weight and vigor. Under ½ ear removal, complete 
defoliation increased seedling weight (Table 3). Under com-
plete defoliation, ½ ear removal had higher seedling weight 
than no ear removal. Under ½ ear removal, seed vigor was 
increased by completed defoliation (Table 3). No ear re-
moval had higher seed vigor based on length than ½ ear re-
moval except D4. 

 
 

Discussion  
 
Experiment 1: Field Experiment 
Overall, source restriction by defoliation and sink restriction 
by removal of ½ ear reduced seed number per row, row 
number per ear, cob length and cob weight. Brimavandi et 
al. (2010) reported that the row number per ear only was af-
fected by complete defoliation. Wang et al. (1998) declared 
little effect of source reduction on seed number pre spike. 
Zewdu & Asregid (2001) reported that cob weight was re-
duced under defoliation. Some difference between our find-
ing and the other researchers finding can be attributed to 
time of treatment application. For example in Fasae et al. ( 
2009) study, defoliation at 12 and 16 weeks after maize plant-
ing had no significant effect on cob length. However seed 
number can be determined at silking stage but seed filling 
requires photoassimilate, so actually, healthy seed number 
can be determined after silking stage, because empty seed is 
not worth. Early growth stage of maize seed is a sensitive 
stage and limitation at this stage affects subsequent seed 
growth (Gambin et al., 2007). 

All leaves removal severely reduced ear weight and seed 
yield. Barimavandi et al. (2010) reported similar results. 
Leaves as sources had an important role in grain filling and 
producing a heavy ear with higher ear skin weight (Heidari 
2013). Removal of 50% leaves increased senescence nodules 
and reduced nitrogenase activity in Gliricidia sepium. Below-
ground carbon and nitrogen reserves played an important 
role in recovery from defoliation (Nygen et al., 2000). By de-
foliation, maize root and stem nitrogen and carbon reserves 
is limited, so they can not supply required assimilate for 
seed filling by remobilization. However time of treatment 
application play a determining role in defoliation studies. It 
is supposed that defoliation at early plant growth had more 
adverse effect on seed yield than final growth period. In the  

 
 

Table 1. Effect of defoliation treatments and ear removal on maize yield and yield components. 
 

Treatments Ear weight 
(g/plant) b 

Ear skin weight 
(g/plant) 

Row num-
ber per ear 

Seed number 
per row 

Cob length 
(cm) 

Cob weight 
(g/plant) 

Seed yield 
(g/plant) 

100-seed 
weight (g) 

D1E1a 123.5 a 11.933 a 13.767 a 49.2 a 18.867 a 21.5 a 112.9 a 19.3 c 

D2E1 78.0 bc 10.933 ab 13.233 a 34.0 b 17.867 a 15.8 bc 65.1 bc 17.3 cd 
D3E1 53.8 cde 10.800  ab 12.433 ab 33.1 b 17.300  a 10. 7 cd 43.1cde 17. 7 cd 

D4E1 32.0 e 8.133 abcd 9.333 b 8.5 d 14.267 b 10.1 d 21.9 e 15. 7 d 

D1E2 86.3 b 10.533 ab 13.533 a 20.2 c 9.200 c 17.1 ab 69.2 b 27. 7 a 
D2E2 67.5 bc 6.267  d 13.900 a 16. 7 cd 8.000 c 12.3 bcd 55.2 bc 27.0  a 

D3E2 60.7 bcd 7.267  bcd 13.433 a 18. 7 c 8.567 c 9.3 d 51.5 bcd 22.6 b 

D4E2 34.3 de 6.800 cd 12.667 ab 15. 7 cd 7.633 c 7.3 d 26.9 de 17.3 cd 
 

a D1= control, no leaf removal, D2= defoliating 1/3 leaves, D3= defoliating  2/3 leaves, D4= defoliating all leaves, E1= no ear removal, E2= 1/2 ear removal.  
b Means followed by the same letter within each column are not significantly different at P < 0.05 as determined by Duncan's Multiple Range Test. 
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Table 2. Pearson’s correlation coefficients among studied traits in maize under different defoliation treat-
ments and ear removal. 

 

 EW ESW RNE SNR CL CW SY HSW 

EW 1 .664 .649 .794* .407 .942** .996** .365 

ESW .664 1 .146 .820* .811* .740* .649 -.215 

RNE .649 .146 1 .467 -.170 .426 .647 .647 

SNR .794* .820* .467 1 .760* .720* .817* -.157 

CL .407 .811* -.170 .760* 1 .500 .421 -.593 

CW .942** .740* .426 .720* .500 1 .923** .253 

SY .996** .649 .647 .817* .421 .923** 1 .321 

HSW .365 -.215 .647 -.157 -.593 .253 .321 1 
 

EW, ESW, RNE, SNR, CL, CW, SY and HSW are ear weight, ear skin weight, row number per ear, seed number per 
row, cob length, cob weight, seed yield and 100-seed weight.  

*.Correlation is significant at the 0.05 level; **.Correlation is significant at the 0.01 level 
Table 3. Effect of defoliation treatments and ear removal on maize seed germination traits. 

 

Treatments 
Germination 

(%)b 
Shoot length 

(cm) 
Root length 

(cm) 
Seedling weight 

(mg) 
Seed vigor 

(% mg) 
Seed vigor 

(% cm) 

D1E1a 83.3 ab 7.0 a 17.6 ab 52.3 abc 43.7 ab 20.1 a 

D2E1 86. 7 ab 7. 6 a 20.2 a 53. 7 abc 46.4 ab 23.8 a 

D3E1 76. 7 abc 6.4 a 19.5 ab 49.0 abc 43.8 ab 25.4 a 
D4E1 93.3 a 8.3 a 13.9 bc 36.3 c 34.2 abc 21.1 a 

D1E2 36. 7 c 7.2 a 4.1d 40.3 bc 46.4 c 5.5 b 

D2E2 66. 7 abc 8.1 a 9.5 cd 46.3 abc 29.2 bc 11.6 b 
D3E2 50.0 bc 7.4 a 9.2 cd 56.3 ab 28.6 bc 8.4 b 

D4E2 83.3 ab 9. 6 a 19.1 ab 64.5 a 54.8 a 23.9 a 
 

a D1= control, no leaf removal, D2= defoliating 1/3 leaves, D3= defoliating  2/3 leaves, D4= defoliating all leaves, E1= no ear removal, E2= 1/2 ear 
removal.  

b Means followed by the same letter within each column are not significantly different at P < 0.05 as determined by Duncan's Multiple  Range  Test. 
 
 

Table 4. Pearson’s correlation coefficients among studied traits in maize seed under different defoliation treatments and ear removal. 
 

 Germination 
percent 

Shoot length Root length 
Seedling 
weight 

Seed vigor (based 
on weight) 

Seed vigor (based 
on length) 

Germination percent 1 .225 .841** .136 .216 .896** 

Shoot length .225 1 -.076 .177 .013 .007 

Root length .841** -.076 1 .481 .488 .964** 

Seedling weight .136 .177 .481 1 .389 .290 

Vigor (based on weight) .216 .013 .488 .389 1 .484 

Vigor (based length) .896** .007 .964** .290 .484 1 
 

*.Correlation is significant at the 0.05 level; **.Correlation is significant at the 0.01 level 
 
 
research, silking stage (time of treatment application) is a 
critical period for seed filling period. Seed rapid growth re- 
quires high amount of assimilates that may not be supplied 
by remobilization and current photosynthesis. Control (no 
leaf removal and no ½ ear removal) had the highest seed 
yield. Removal of ½ ear reduced sink strength, it is due to 
reducing demand for photoassimilates. Madani et al. (2010) 
reported that source strength was not additionally restricted 
by the defoliation under water deficit. 

½ ear removal increased 100-seed weight. It is due to 
that ½ ear removal decreased seed number per ear, so there 
is more photosynthate for each seed filling. Alam et al. 
(2008) reported that 50% spikelet removal in wheat increased 
100- seed weight and decreased seed yield. ½ ear removal 
increased 100-seed weight and defoliation reduced seed 
number per row, row number per ear and 100-seed weight, 

so it can be concluded that seed growth of studied cultivar is 
more source- than sink-limited. 
 
Experiment 2: Laboratory Experiment 
Under ½ ear removal, complete defoliation had higher seed 
germination percentage, seedling weight, root length and 
seed vigor than no leaf removal. In maize, Defoliated plants 
produced lower seed mass but with higher seed germination 
percentage and seed vigor (Heidari 2013). In common vetch 
(Vicia sativa), defoliation treatments did not have significant 
effect on days to germination of produced seed (Koptur et al. 
1996). It seems under environmental stress such as defolia-
tion, when photosynthate is limited; plant produces lower 
seed mass but with higher seed germination percentage as a 
survival mechanism. 

Increasing seedling weight and vigor under defoliation  
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and ear removal may be due to that leaves and ear contain a 
large number of nitrogen and other essential nutrients for 
seed filling period. By removing these organs, plant subjects 
to stress, so produces thinner but vigorous seeds as a sur-
vival mechanism. Similar results were reported by Heidari 
(2013).  
 
 
Conclusion  
 
Removal of all leaves severely reduced seed yield, 100-seed 
weight, cob weight and ear weight. Under no ear removal, 
cob length, seed number per row and row number per ear 
were reduced by complete defoliation. Under ½ ear removal, 
complete defoliation increased seed germination percentage, 
root length, seedling weight and vigor. The results confirm 
past finding about effect of maternal environment effects on 
seed germination traits. Sink manipulation showed that ½ 
ear removal increased 100-seed weight, so it can be con-
cluded that cultivar S.C. 704 is more source- than sink-
limited. It is recommended to study interaction effect of 
other environmental factors such as nitrogen with defolia-
tion on maize seed germination traits. 
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